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Executive summary

The Lake Victoria Basin is internationally recognised for
its high freshwater species diversity and endemism, which
are of critical importance to local livelihoods and national
economies within the basin. However, freshwater ecosystems
within the region are highly threatened, with current
safeguards proving inadequate and the focus of much past
and ongoing conservation work in the region focussing on
terrestrial ecosystems. Given the unique and diverse nature of
freshwater species within the basin, the dependence of rural
communities and regional economies on these species, and
the high levels of threat, there is a clear need for a stronger
focus on conservation of freshwater biodiversity.

The IUCN Global Species Programme, in collaboration with
its partners, conducted assessments of the threat status
(according to the IUCN Red List of Threatened Species™,
hereafter IUCN Red List) and distribution of the freshwater
crabs, fishes (excluding haplochromine cichlids), molluscs,
odonates (dragonflies and damselflies) and selected aquatic
plants native to the Lake Victoria Basin. Existing assessments
of species of freshwater crayfish, shrimps and haplochromine
cichlid fishes (excluding undescribed species) were also
used to provide a comprehensive overview of the status and
distribution of freshwater species across the region. In total,
information on 651 species, including 204 species endemic to
the basin, is included in this report. Distribution information is
presented at the river or lake sub-basin scale, to better inform
actions at spatial scales appropriate for the conservation of
freshwater species. The full dataset, including distribution
information, is available through the IUCN Red List website
(www.iucnredlist.org). Assessments of species’ climate
change vulnerability and importance to human livelihoods
were also conducted and are presented here.

Freshwater biodiversity in the Lake Victoria Basin is in decline
and the risk of species extinctions is increasing, with the major
drivers of threat identified as: pollution; biological resource
use, primarily overfishing; agriculture; and invasive species,
particularly Nile Perch (Lates niloticus) and Water Hyacinth
(Eichhornia crassipes). Climate change is an ongoing and
future threat to freshwater species, especially fishes, which
are shown to be particularly vulnerable.

Twenty percent of all freshwater species considered in
this project are currently considered to be threatened with
extinction. However, this level of threat rises to 76.0% for
species endemic to the region. The only species native to the
region that is confirmed to have gone Extinct (EX) is the fish
Labeobarbus microbarbis, but a large proportion of species

viii

(8.0% of native species and 25.5% of endemic species),
which are all fishes or molluscs, are assessed as Critically
Endangered and tagged as Possibly Extinct. Field surveys
are urgently required to confirm whether these species are
still extant.

Given the above, it is imperative that conservation actions
are implemented to reverse and stop the ongoing decline
in populations of the region’s freshwater species. This is
particularly important given that many of these freshwater
species are found nowhere else on Earth, and given the
high reliance of the rural poor of the Lake Victoria Basin on
freshwater species for their livelihoods.

Within the basin, Lake Victoria itself supports the greatest
richness of freshwater species overall and of threatened,
endemic and Data Deficient (DD) species. While it is known
that species are not evenly distributed across the lake, there
was insufficient information available on the distribution of
species or habitats within the lake at the time of assessment
to present meaningful patterns of intra-lake species richness.
A high proportion of species (especially endemics, 38.2%)
are DD because there is insufficient information to assess
their extinction risk. Systematic biodiversity surveys and
monitoring are urgently required within the basin to provide
basic information on species’ populations and distributions.
Lake-wide fish surveys were completed in 2017 and we plan
to use the results of these, once available, to update the Red
List assessments and distribution maps of the freshwater
fishes native to the lake.

Key Biodiversity Areas (KBAs) are sites contributing
significantly to the global persistence of biodiversity. Based on
data from the IUCN Red List assessments and in consultation
with local stakeholders, 39 important river, lake and wetland
sites were delineated as KBAs for freshwater biodiversity
through this project. It is now important to raise awareness
of their status as validated KBAs and to develop plans for
conservation action at these sites. Eighty-two potential
KBA site champions have been identified as individuals or
organisations well placed to raise awareness of the existence
of the KBAs and the issues they face with respect to threats
to biodiversity, and to help implement the required actions to
safeguard these globally important sites.

Systematic conservation planning analysis (using the software
Marxan) was used to identify a critical sites network for
freshwater biodiversity in the Lake Victoria Basin, based on the
existing protected area, KBA (including the newly delineated
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freshwater KBAs) and Ramsar site network. We recommend
this is used as a scientific basis for the development and
expansion of the existing protected areas network in the Lake
Victoria Basin to better represent threatened, endemic and
climate change vulnerable freshwater species.

The IUCN Red List is one of the most authoritative global
standards supporting policy and action to conserve species.
At the level of sites, KBAs can support the strategic expansion
of protected area networks by governments working towards
achievement of the Aichi Biodiversity Targets (in particular
Target 11 and 12), as established by the Convention on

Biological Diversity. They can also serve to inform the
description of sites under international conventions, such as
Wetlands of International Importance designated under the
Ramsar Convention. We hope this analysis, which is based
in large part on assessments of species Red List status and
on the delineation of KBAs, will provide new and updated
information and insights that will motivate actions to help
safeguard the high diversity of life within freshwaters of the
Lake Victoria Basin.

Key messages

1960 and 2010.

to the lake.

B The Lake Victoria Basin has exceptionally high diversity and endemism of freshwater species. The Lake Victoria
Basin supports a diverse set of freshwater species and habitats, which provide a wide variety of ecosystem services.
Of the 651 species of freshwater decapods (crabs, crayfish and shrimps), fishes, molluscs, odonates (dragonflies and
damselflies) and selected aquatic plants considered in this project, 204 species (31.3%) are endemic to the region.
Levels of endemism are particularly high amongst the fishes, of which 78.2% are endemic to the basin. This richness is
due largely to the presence of the large haplochromine cichlid species flock of Lake Victoria and would increase further
if the large number of undescribed endemic haplochromine cichlids were considered.

Freshwater species in the basin are highly threatened, primarily by pollution, biological resource use (chiefly
overfishing), agriculture and invasive species. These threats have resulted in 19.7% of freshwater biodiversity in the
region being assessed as threatened and a staggering 76.0% of the region’s endemic freshwater species being assessed
as threatened. Levels of threat vary widely amongst the taxonomic groups assessed, with fishes being the most threatened
(55.1% of species assessed), followed by molluscs (25.5%), decapods (8.3%), plants (9.0%) and odonates (1.9%).

We lack sufficient information on freshwater species to effectively inform environmental and development
decision making within the basin. The current lack of basic information on the status and distribution of freshwater
species, and the absence of long-term monitoring of freshwater biodiversity were noted as major failings. It was not
possible to assess the extinction risk of 13.4% of freshwater species native to the basin (i.e. these species were assessed
as Data Deficient (DD)) and this increases to 38.2% when considering only endemic species. Of the taxonomic groups
assessed, the highest percentage of DD species was for the fishes (33.3%), followed by the decapods (7.7%), molluscs
(6.0%), odonates (1.8%) and plants (0.7%). Additionally, 8.0% of freshwater species native to the basin and 25.5% of
endemics, all of which are fishes or molluscs, are assessed as Critically Endangered and tagged as Possibly Extinct.
Detailed field assessment is required to confirm whether these species are still extant.

Freshwater biodiversity in the basin is suffering ongoing decline and the risk of species extinctions is increasing.
The situation is particularly dire for the native haplochromine cichlid species flock of Lake Victoria, which has experienced
significant declines attributed in large part due to the introduction of the predatory Nile Perch (Lates niloticus) and
environmental changes, such as eutrophication, and for which the Red List Index (RLI) value declined by 63% between

Lake Victoria itself supports the greatest richness of freshwater species overall and of threatened, endemic
and Data Deficient species in the basin. It is known that species are not evenly distributed across the lake, but at the
time of assessment there was insufficient information on the distribution of species within the lake, or on the distribution
of habitat types, to present meaningful patterns of intra-lake species richness. However, lake-wide fish surveys were
completed in 2017 and the results of these will help to elucidate spatial patterns in the richness of freshwater fishes native




B The ongoing decline in freshwater biodiversity is impacting livelihoods of the rural poor in the basin. Freshwater
fishes are particularly important for provision of food (human and animal), and the Lake Victoria fishery supports
household livelihoods of millions of people in the basin. Freshwater plants have diverse uses, including for medicine,
food, construction and handicrafts, and constitute an important resource, since many communities either lack access
to or cannot afford market goods.

B The region’s freshwater fishes are highly vulnerable to climate change, having high sensitivity, seemingly
poor adaptive capacity and an expected high exposure to change. Given the high importance of this group in
supporting human livelihoods, freshwater fishes should be a priority for monitoring and, as appropriate, conservation
action to reduce the negative impacts of climate change. Freshwater molluscs, odonates and plants of the region all
have a medium degree of vulnerability to climate change.

B Management of water resources needs to take freshwater biodiversity into consideration. Integrated River
Basin Management and Environment Flows methodologies need to be adopted to ensure that freshwater ecosystems
can sustainably provide water and other ecosystem goods and services in the long term, while at the same time
supporting biodiversity. This in turn will maintain social and economic benefits.

B Site-scale conservation, focussed on freshwater Key Biodiversity Areas (KBAs), can help to guide conservation
of freshwater species in the region. Thirty-nine important river, lake and wetland sites have been delineated as
KBAs for freshwater biodiversity, including two Alliance for Zero Extinction (AZE) sites. It is now important to raise
awareness of their status as validated KBAs and to develop plans for conservation action at these sites. Eighty-two
potential KBA site champions have been identified as individuals or organisations well placed to raise awareness
of the existence of the KBAs and the issues faced with respect to threats to biodiversity, and to help implement the
required actions to safeguard these globally important sites.

B A critical sites network for freshwater biodiversity in the Lake Victoria Basin has been identified using a
systematic conservation planning analysis. We recommend this is used as a scientific basis for potential development
and expansion of the existing protected areas network in the Lake Victoria Basin to better represent threatened, endemic
and climate change vulnerable freshwater species.




Muhtasari

Bonde la Ziwa Victoria linatambulika kimataifa kwa kuwa na
idadi na aina nyingi za viumbehai tofauti wanaoishi kwenye
maji baridi na wanaopatikana katika bonde hilo pekee,
ambao wana umuhimu mkubwa kwa maisha ya wenyeji na
kwa uchumi wa taifa katika bonde hilo. Hatahivyo, mifumo
ikolojia ya maji baridi kwenye ukanda huo iko kwenye hatari
kubwa, kwa kuwa ulinzi wa sasa hautoshelezi na kazi kubwa
ya uhifadhi katika siku zilizopita na sasa kwenye ukanda huo
inalenga zaidi mifumo ya ikolojia ya nchikavu. Kutokana na
upekee na wingi wa aina tofauti za viumbehai wanaoishi
kwenye maiji baridi kwenye bonde hili, utegemezi wa jamii
kikubwa cha hatari, kuna ulazima wa dhati wa kuwa na
msisitizo mkubwa kwa ajili ya uhifadhi wa aina za viumbehai
wanaoishi kwenye maji baridi.

Programu ya Kimataifa ya IUCN juu ya viumbehai (Yaani IUCN
Global Species Program), kwa kushirikiana na washirika
wake, ilifanya tathmini ya hali ya tishio (kwa mujibu wa orodha
ya IUCN ya viumbe vilivyoko hatarini zaidi (yaani IUCN Red
List of Threatened Species™ na mtawanyiko wa Kaa wa maji
baridi, baadhi ya samaki (isipokuwa) konokono na baadhi ya
mimea ya kwenye maji ambayo asili yake ni Bonde la Ziwa
Victoria. Tathmini ya sasa ya aina za viumbehai wanaoishi
kwenye maji baridi jamii ya kamba, uduvi, na samaki wa
aina ya mbali mbali isipokuwa aina za viumbehai ambazo
hazijachaguliwa), zilitumika pia kutoa maelezo ya kina ya
hali na mtawanyiko wa aina za viumbehai wanaoishi kwenye
maji baridi kwenye ukanda huo. Kwa ujumla, taarifa kuhusu
aina za viumbehai 651, ikiwa ni pamoja na aina 204 za
viumbehai wanaopatikana kwenye Bonde la Ziwa Victoria
pekee, imejumuishwa katika ripoti hii. Taarifa ya mtawanyiko
imetolewa kwa kuzingatia mto au sehemu ya bonde la ziwa
wanapopatikana ili kutoa ufahamu mzuri wa mambo sahihi
ya kufanya kwenye kila sehemu kwa ajili ya uhifadhi wa aina
za viumbehai wanaoishi kwenye maiji baridi. Takwimu zote,
ikiwa ni pamoja na taarifa ya mtawanyiko, inapatikana kwenye
tovuti ya IUCN ambayo inahusu viummbe walioko Hatarini
Zaidi (yaani IUCN Red List) (tovuti: www.iucnredlist.org).
Pia, tathmini za madhara ya mabadiliko ya tabianchi kwa
aina tofauti za viumbehai na umuhimu wake kwa maisha ya
binadamu zilifanyika na zinatolewa katika tovuti hii.

Aina za viumbehai wanaoishi kwenye Bonde la Ziwa Victoria
zinapungua kwa kasi na hatari ya kutoweka kwa aina za
viumbehai inaongezeka, ambapo vichocheo vikubwa vya
hatari hizo vikiwa ni pamoja na: uchafuzi wa mazingira;
matumizi mabaya ya rasilimali za kibaiolojia, hasa kuvua
samaki kwa wingi kupita kiasi; kilimo; na viumbehai vamizi

Xi

hasa aina fulani za samaki kama vile sangara (Lates niloticus)
na aina ya magugu maji (Eichhornia crassipes). Mabadiliko ya
tabianchi ni tishio ambalo tayari lipo na litaendelea kuwepo
kwa aina za viumbehai wanaoishi kwenye maji baridi hasa
samaki, ambao wanaonekana kuwa kwenye hatari zaidi.

Asilimia ishirini (20 %) ya aina zote za viumbehai wanaoishi
kwenye maji baridi zilizochaguliwa katika mradi huu, kwa sasa
zinachukuliwa kuwa kwenye hatari ya kutoweka. Hatahivyo,
kiwango hiki cha hatari kinaongezeka kufikia asilimia 76 kwa
aina za viumbehai wanaopatikana katika ukanda wa ziwa
Victoria pekee. Aina pekee ya viumbehai ambao ni asilia
kwenye ukanda huu ambao wamethibitishwa kutoweka ni
samaki aina ya Labeobarbus microbarbis, lakini kiwango
kikubwa cha aina za viumbehai (yaani asilimia 8 ya aina za
viumbehai asilia kwenye ukanda huo na asilimia 25.5 ya aina
za viumbehai wanaopatikana katika ukanda huu pekee),
ambao wote ni samaki au konokono wanatathminiwa kama
Viumbe Walio Hatarini Sana na wanatambulishwa kama
Viumbe Wanaoweza Kupotea wakati wowote. Tafiti zinapaswa
kufanyika haraka ili kuthibitisha kama aina hizi za viumbehai
bado zinaishi.

Kutokana na taarifa iliyoripotiwa hapo juu, ni muhimu
kuwa hatua madhubuti za uhifadhi zichukuliwe ili kuondoa
kupungua na badala yake kuongeza idadi ya aina ya
viumbehai wanaoishi kwenye maiji baridi katika ukanda huo.
Hatua hizi ni muhimu hasa ikizingatiwa kuwa aina nyingi za
viumbehai hawa wanaoishi maji baridi hazipatikani sehemu
nyingine yoyote duniani, na kutokana na kuwa jamii maskini
kwenye viumbehai hivi vya kwenye maiji baridi kwa ajili ya
maisha yao.

Ndani ya bonde, Ziwa Victoria pekee linasaidia kuwepo kwa
aina nyingi za viumbehai kati ya viumbehai wote na walio
hatarini, wanaopatikana katika bonde hilo pekee na wale
wasio na taarifa za kutosheleza. Japokuwa inafahamika
kwamba ziwa halina mtawanyiko sawa wa aina za viumbehai,
hazikupatikana taarifa za kutosha kuhusu mtawanyiko wa
aina za viumbehai wala makazi ya viumbehai ziwani wakati
tathmini inafanyika jambo ambalo lingesaidia kuonyesha
mifumo muhimu ya aina za viumbehai tofauti ndani ya ziwa.
Matokeo yake ni kwamba kiwango kikubwa cha aina za
viumbehai (hasa viumbehai wanaopatikana katika bonde
hilo pekee, yaani asilimia 38.2) ni wale wasio na taarifa
za kutosheleza za kufanya tathmini ya hatari ya kutoweka
kwao. Kwa maana hiyo, tafiti za mfumo maalum kwa aina za
viumbehai na ufuatiliaji zinahitajika haraka ndani ya bonde ili
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kutoa taarifa muhimu juu ya idadi za viumbehai na mtawanyiko
wake. Tafiti za samaki ndani ya ziwa lote zilikamilika mwaka
2017 na shirika la IUCN lina mpango wa kutumia matokeo
haya, mara yatakapopatikana, ili kuhuisha ramani za orodha
ya IUCN juu ya viumbe ambavyo viko hatarini Zaidi na pia
kufanya tathmini ya mtawanyiko wa samaki asilia kwenye
ziwa Victoria.

Maeneo Muhimu ya Baioanuai (MMB) (kwa kiingereza
Key Biodiversity Areas — KBAs) ni maeneo yanayochangia
kwa umuhimu mkubwa kwenye uendelezaji wa kimataifa
wa viumbehai. Kwa mujibu wa takwimu kutoka kwenye
tathmini za orodha ya IUCN ya viumbehai vilivyoko hatarini
zaidi na kwa kushauriana na wadau wa ndani, vitu muhimu
39 vikijumuisha mito, ziwa na maeneo oevu yalitambuliwa
kupitia mradi huu kama MMB kwa ajili ya viumbehai
waishio kwenye maji baridi. Kwa sababu hiyo, ni muhimu
kuongeza ufahamu juu ya hali za maeneo hayo kama MMB
yaliyothibitika, na kuendeleza mipango ya uhifadhi wa
maeneo hayo. Katika mchakato huu, vinara 82 wakiwa kama
watu binafsi au mashirika walitambuliwa kwa ajili ya kuongeza
ufahamu wa uwepo wa Maeneo hayo Muhimu ya Baioanuai
pamoja na kueleza mambo wanayokumbana nayo ambayo
yanayohatarisha viumbehai, kwa ajili ya kusaidia utekelezaji
wa mambo yanayohitajika katika kulinda maeneo haya
muhimu ya kimataifa.

Uchambuzi wa mipango ya uhifadhi (kwa kutumia programu
ya ‘Marxan’) ulifanyika kutambua mtandao wa Maeneo
Muhimu ya Baioanuai vya maji baridi kwenye bonde la ziwa

Victoria. Kutokana na uchambuzi huo, maeneo mbalimbali
yalitambuliwa ikiwa ni pamoja na maeneo ya hifadhi ya
sasa, MMB (ikiwa ni pamoja na maeneo muhimu mapya
ya viumbehai) na mtandao wa maeneo yanayotambulika
kimataifa kama Ramsar. Tunapendekeza kwamba matokeo
haya yatumike kama ushaidi na msingi wa kisayansi kwa
maendeleo na upanuzi wa mtandao wa sasa wa maeneo ya
hifadhi kwenye bonde la ziwa Victoria ili kuwakilisha vizuri
aina za mbalimbali za baioanuai wanaoishi katika maiji baridi
ambao wako hatarini na wanaopatikana katika hilo bonde
pekee pamoja na wale ambao wameathirika na mabadiliko
ya tabianchi.

Orodha ya IUCN juu ya viumbehai walioko hatari zaidi
ni moja ya viwango vya kimataifa vyenye mamlaka ya
kusaidia utekelezaji wa sera na hatua za kuhifadhi bioanuai
muhimu. Kwa upande mwingine, MMB yanaweza kusaidia
upanuzi wa kimkakati wa mitandao ya maeneo ya hifadhi
unaofanywa na serikali na hivyo kupelekea mafanikio ya
Malengo ya Baioanuai ya Aichi (hasa Lengo 11 na 12), kama
ilivyobainishwa katika Mkataba wa Kimataifa wa Baioanuai.
Maeneo hayo yanaweza kusaidia kutoa maelezo ya maeneo
yaliyo kwenye mikataba ya kimataifa, kama vile Maeneo Oevu
yenye Umuhimu wa Kimataifa yaliyoteuliwa kupitia Mkataba
wa Ramsar. Tunatarajia kuwa uchambuzi huu, ambao kwa
kiasi kikubwa unatokana na tathmini za aina za baioanuai
za orodha ya IUCN na kutambuliwa kwa Maeneo Muhimu
ya Baioanuai, utatoa taarifa mpya na zilizohuishwa ambazo
zitahamasisha vitendo vya kulinda maisha ya viumbehai
wengi wanaoishi kwenye Bonde la Ziwa Victoria.

Ujumbe Muhimu

B Bonde la Ziwa Victoria lina aina tofauti tofauti nyingi za viumbehai wanaoishi kwenye maji baridi na

wanaopatikana katika bonde hilo pekee. Bonde la Ziwa Victoria linahifadhi aina nyingi za viumbehai wakaao
kwenye maji baridi, ambao wanachangia kuwepo kwa aina nyingi ya mifumo ya ikolijia. Kati ya aina 651 za viumbehai
wanaoishi kwenye maji baridi, aina za viumbehai jamii ya decapoda (mfano kaana uduvi), samaki, konokono na baadhi
ya mimea inayoishi kwenye maji iliyochaguliwa kwenye mradi huu, aina 204 za viumbehai (sawa na asilimia 31.3)
wanaopatikana kwenye ukanda huo pekee. Kiwango cha baioanuai zinazopatikana katika ukanda huo ni kikubwa
zaidi kwa aina za samaki, ambapo asilimia 78.2 wanapatikana katika bonde hilo pekee. Wingi huu wa aina tofauti za
baioanuai kwa kiasi kikubwa unatokana na uwepo wa kundi kubwa la aina ya samaki wenye asili yao katika ziwa Victoria
ambao wanaojulikana kwa jina la kisayansi kama haplochromine cichlid. Hata hivyo, wingi huu ungeongezeka zaidi
kama idadi kubwa ya samaki hao wanaopatikana katika ziwa hilo pekee wangekuwa wamechaguliwa na kuingizwa
katika mradi.

B Ainanyingi za viumbehai wanaoishi kwenye Bonde la Ziwa Victoria wako kwenye hatari kubwa, hasa kutokana

na uchafuzi wa mazingira, matumizi ya rasilimali za kibaiolojia (uvuvi uliopita kiasi), kilimo na viumbehai
vamizi. Hatari hizi zimepelekea kiasi cha asilimkia 19.7 ya aina za viumbehai wanaoishi kwenye maji baridi kwenye
ukanda huu kutathiminiwa kama viumbehai walioko hatarini, na kiasi kikubwa cha kutisha, yaani asilimia 76 ya
viumbehai wanaoishi kwenye maji baridi wanaopatikana katika ukanda huo pekee, kutathminiwa kama viumbehai
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walioko hatarini zaidi. Kiwango cha hatari kinatofautiana sana miongoni mwa makundi yaliyotathminiwa, ambapo
kundi la samaki liko kwenye hatari kubwa zaidi kwa kiasi cha asilimia 55.1 ya aina za viumbehai wote waliotathminiwa).
Hii inafuatiwa na kundi la konokono (yaani asilimia 25.5), dekapoda (asilimia 8.3), mimea (asilimia 9.0) na viumbe hai
vinavyojulikana kisayansi kama odonata (asilimia 1.9).

Kuna uhaba wa taarifa za kutosha kuhusu aina za viumbehai wanaoishi kwenye maji baridi kwa ajili ya
kuwezesha maamuzi muafaka yahusuyo mazingira na maendeleo kwenye bonde la ziwa. Ukosefu wa taarifa
za msingi kuhusu hali na mtawanyiko wa aina za viumbehai wanaoishi kwenye maji baridi, pamoja na ukosefu
wa ufuatiliaji wa muda mrefu wa viumbehai hao, vilibainishwa kama mojawapo ya mapungufu makubwa katika
mustakabali huu. Haikuwezekana kutathmini hatari ya kutoweka kwa asilimia 13.4 ya aina za viumbehai wanaoishi
kwenye maji baridi na wenye asili yake kwenye bonde hilo (yaani, aina hizi za viumbehai zilitathminiwa kama Viumbehai
Wasio na Taarifa za Kutosheleza) na idadi hii inaongezeka hadi kufikia asilimia 38.2 pale unapochukua viumbehai
wanaopatikana katika bonde hilo pekee yake. Kati ya makundi yaliyotathminiwa, asilimia ya juu zaidi ya Viumbehai
Wasio na Taarifa za Kutosheleza ilikuwa ni katika upande wa samaki (yaani asilimia 33.3). Hii ilifuatiwa asilimia 7.7
ya viumbe hai wajulikanao kama dekapoda, asilimia 6.0 kwa konokono, asilimia 1.8 y viumbe wajulikanao kisayansi
kama odonata na mwisho asilimia ya mimea (0.7%). Aidha, asilimia 8.0 ya aina za viumbehai wanaoishi kwenye
maji baridi na ambao ni asilia kwenye bonde hilo na asilimia 25.5 ya viumbehai wanaopatikana kwenye bonde hilo
pekee, wote ambao ni samaki au konokono ambao wanatathminiwa kama viumbehai wanaokabiliwa na hatari kubwa
na wanatambulika kama viumbehai wanaoweza kuwa wametoweka. Na kwa sababu hiyo, tafiti za kina ziapaswa
kufanyika haraka kuthibitisha kama aina hizo za viumbehai bado zipo ama la.

Viumbehai wanaoishi kwenye maji baridi kwenye bonde wanaendelea kupungua na hatari ya kutoweka
kwa aina za viumbehai hawa inaongezeka. Hali hii inatisha zaidi kwa aina ya samaki wenye asili yao katika ziwa
Victoria wanaojulikana kwa jina la kisayansi kama kama haplochromine cichlid, ambao wamekuwa wakipungua kwa
kiasi kikubwa kutokana hasa na uingizwaji wa samaki wanaokula samaki wenzao hasa sangara (Lates niloticus)
na kubadilika kwa mazingira, kama vile kuongezeka zaidi kwa virutubisho kwenye maeneo ya maji baridi, na hivyo
kufanya kiashiria cha orodha ya IUCN ya viumbe walioko hatarini zaidi kushuka kwa asilimia 63 kati ya mwaka 1960
na mwaka 2010.

Ziwa Victoria pekee linasaidia aina nyingi za baioanuai wanaoishi kwenye maji baridi kwa ujumla wao na
kwa wale walio kwenye hatari, wanaopatikana katika bonde hilo pekee, na viumbehai wasio na taarifa za
kutosheleza kwenye bonde hilo. Inajulikana kuwa ziwa halina mtawanyiko sawa wa aina za viumbehai, lakini wakati
wa kufanya tathmini hakukuwa na taarifa za kutosha kuhusu mtawanyiko wa aina za viumbehai au aina za makazi
ya viumbehai ziwani, kwa ajili ya kuonesha mifumo muhimu ya aina za viumbehai tofauti ndani ya ziwa. Hatahivyo,
tafiti kwenye ziwa lote zilikamilika mwaka 2017 ambapo matokeo ya tafiti hizo yatasaidia kuonesha mifumo ya aina
za viumbehai tofauti ambavyo ni asilia katika ziwa Victoria.

Kuendelea kupungua kwa viumbehai wanaoishi kwenye maiji baridi kunaathiri maisha ya jamii masikini katika
na wanyamay), na shughuli za uvuvi katika ziwa Victoria usaidia maisha ya kaya za mamilioni ya watu wanaoishi kando
kando ya bonde hilo. Mimea inayopatikana ziwani ina matumizi mengi, ikiwa ni pamoja na dawa, chakula, ujenzi na
kutengeneza bidhaa za mikono ambazo ni rasilimali muhimu kwa jamii hizi hasa kwa vile jamii nyingi hazipati wala
hazimudu bidhaa ghali za sokoni.

Samaki wa maji baridi kwenye ukanda huu wanaathirika sana na mabadiliko ya tabianchi, kwa kuhisi haraka
mabadiliko, kuwa kwenye hali ya kukumbana na mabadiliko, na kuwa na uwezo mdogo wa kumudu mazingira
yanapobadilika. Kutokana na umuhimu mkubwa wa kundi hili katika kusaidia maisha ya binadamu, samaki wa
maji baridi wanapaswa kupewa kipaumbele kwenye ufuatiliaji, na kama inavyofaa, kwenye jitihada za uhifadhi ili
kupunguza madhara yatokanayo na mabadiliko ya tabianchi kwao. Samaki jamii ya konokono, odonata na mimea
inayoishi kwenye maji baridi katika ukanda huo, wote wako kwenye kiwango cha kati cha kuathiriwa na mabadiliko
ya tabianchi.
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B Usimamizi wa rasilimali maji unahitaji kuzingatia viumbehai wanaoishi kwenye maji baridi. Mbinu za usimamizi
jumuishi wa bonde la ziwa na pamoja na taratibu za maji ya kinga ya uhai wa viumbe yaaani (Environment Flows)
zinapaswa kutumiwa ili kuhakikisha kuwa mifumo ya ikolojia kwenye maji baridi inaendelea kutoa maji, bidhaa na
huduma kwa mifumo mingine ya ikolojia kwa muda mrefu, na wakati huo huo ikiendelea kusaidia viumbehai. Hali hii
itasaidia kudumisha faida za kijamii na kiuchumi za bonde hili.

B Utaratibu wa kuhifadhi eneo zima la ukanda wa ziwa (yaani Site-scale conservation), ukizingatia zaidi kwenye
maeneo muhimu ya viumbehai yaliyo kwenye maji baridi, unaweza kusaidia uhifadhi wa aina za viumbehai
wanaoishi kwenye maji baridi kwenye ukanda huo. Jumla ya vitu muhimu 39 ikiwemo Mito muhimu, ziwa na maeneo
oevu vimetambuliwa kama Maeneo Muhimu ya Baioanuai kwa ajili ya viumbehai wanaoishi kwenye maji baridi, ikiwa
ni pamoja na maeneo mawili (2) ya Jumuiya ya kimataifa ijulikanayo kama Alliance for Zero Extinction (AZE). Kwa
hiyo ni muhimu sasa kuongeza ufahamu wa hali za maeneo hayo kama Maeneo Muhimu ya Baioanuai yaliyothibitika,
na kuendeleza mipango ya uhifadhi wa maeneo hayo. Vinara 82 wakiwemo watu binafsi na mashirika walitambuliwa
kwa ajili ya kuhamasisha juu ya uwepo wa Maeneo Muhimu ya Bioanuai na pamoja na changamoto zinazohatarisha
ustawi wa Baioanuai hizo. Vinara hawa pia walipewa wajibu wa kusaidia utekelezaji wa mambo yanayohitajika katika
kulinda maeneo haya muhimu ya kimataifa.

B Mtandao wa maeneo muhimu ya viumbehai kwenye bonde la ziwa Victoria umetambuliwa kwa kutumia
uchambuzi wa mipango ya uhifadhi. Tunapendekeza kuwa matokeo ya uchambuzi huu yatumike kama msingi wa
kisayansi na uthibisho kwa ajili ya maendeleo na upanuzi wa mtandao wa sasa wa maeneo ya hifadhi kwenye bonde
la ziwa Victoria. Hii itasaidia kuhakikisha uwakilishi mzuri wa aina za viumbehai wanaoishi maji baridi ambao wako
hatarini, wanaopatikana katika bonde hilo pekee na ambao wameathirika na mabadiliko ya tabianchi.
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1.1 Global status of freshwater
biodiversity

Freshwaters comprise less than 1% of the Earth’s surface
and yet hold almost 10% of all described species,
including approximately a third of all vertebrates (Strayer
and Dudgeon, 2010). Given the low coverage of Earth by
freshwaters, this species richness is relatively high when
compared with both terrestrial and marine ecosystems
(Gleick, 1996), with the most comprehensive assessment
of freshwater fauna to date (Balian et al., 2008) describing
125,530 species. However, even this value is likely to be a
large underestimate as Balian et al. (2008) also highlight
the severe lack of knowledge of freshwater biodiversity in
some geographic areas (particularly the tropics, which are

generally areas of high diversity) and taxonomic groups
(particularly invertebrates).

This diverse and species-rich realm is of great importance
to people’s livelihoods, both directly as a source of water
(Figure 1.1), food, medicine and income (Figure 1.2), for
example, and indirectly through services such as nutrient
cycling, flood control and water filtration (Juffe-Bignoli and
Darwall, 2012). Freshwaters provide ecosystem goods
and services with a global value of trillions of United States
Dollars (USD) per year, although estimating the true value
is difficult and the resulting estimates vary (e.g. global value
per year: USD 70 billion (Schuyt and Brander, 2004); over
USD 4 trillion (Costanza et al., 2014); and up to USD 15 trillion
(Millennium Ecosystem Assessment, 2005)).

Figure 1.1 Children gathering water from the Nile River in
Uganda. © Nagarjun Kandukuru (CC BY 2.0)

Figure 1.2 Market selling dried fish in Ugunja, Kenya. © Laura
Kraft via SuSanASecretariat (CC BY 2.0)
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Historically, however, the value of freshwaters has not been
sufficiently recognised, with wetlands often viewed as
wasted land or as unrealised potential requiring conversion to
agriculture or other more ‘profitable’ land uses (Purseglove,
1988). Globally, the primary threats to freshwater biodiversity
are: overexploitation; water pollution; flow modification;
habitat destruction or degradation; and invasive species,
all coupled with global environmental change (Dudgeon
et al., 2006). As a result of these often interacting threats,
65% of global river discharge and the associated aquatic
habitats are now classed as under moderate to high levels
of threat (Vorosmarty et al., 2010) and at the population level,
freshwater species have on average declined by 81% since
1970, declines that are far greater than those seen in the
terrestrial or marine realms (WWF, 2016).

At the level of species, the most commonly used tools for
assessing status are the IUCN Red List Categories and
Criteria (IUCN, 2012), which provide a quantitative and
consistent approach by which to assess relative extinction
risk that can be applied across different taxonomic groups.
The IUCN Red List of Threatened Species™ (hereafter IUCN
Red List) publishes the results of these assessments online
at www.iucnredlist.org, along with information on the
taxonomy, distribution, population, habitats and ecology,
use and trade, threats, and conservation and research
actions relevant to individual species. IUCN are partway

through their global freshwater biodiversity assessment
(Figure 1.3), the aim of which is to complete Red List
assessments of all described species of freshwater
decapods, fishes, molluscs, odonates and selected
freshwater plants. These five taxonomic groups have been
prioritised for assessment as they represent a range of
trophic levels and ecological roles within freshwater systems
(Smith et al., 2014). Adding these priority taxa to existing
assessments of freshwater-dependent mammals, birds,
crocodiles, turtles and amphibians will provide a relatively
comprehensive overview of the state of the planet’s
freshwater biodiversity. Of the 28,364 freshwater or
freshwater-dependent species currently assessed for the
IUCN Red List, close to 22% are globally threatened with
extinction (IUCN, 2017). Looking only at the taxonomic
groups that are specifically recognised as freshwater and
have been comprehensively assessed for the IUCN Red List
(freshwater crabs, crayfish and shrimps), the level of threat is
higher: 32.0% (Cumberlidge et al., 2009), 31.9% (Richman
et al., 2015) and 27.8% (De Grave et al., 2015), respectively,
excluding Data Deficient (DD) species.

One caveat with the current process is that undescribed
species, which are species that have not yet been formally
taxonomically described and assigned a scientific name,
are not considered. This can be a large fraction of the
species in a clade or geographical area, and especially so

Legend
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Regions requiring assessment

Figure 1.3 Progress in the global freshwater biodiversity assessment. In ‘Comprehensively assessed regions’ (red) the extinction
risk of all native freshwater decapods, fishes, molluscs and odonates, and selected aquatic plants, has been assessed using the
IUCN Red List Categories and Criteria. In ‘Regions requiring assessment’ (grey) assessment of all or some of these taxonomic

groups have not been completed.
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in species rich groups that have not yet been well studied
by taxonomists. Importantly, the estimated proportion of
undescribed species is exceptionally high in freshwaters,
and especially in Lake Victoria (Lundberg et al., 2000).

1.2 Situation analysis for the
Lake Victoria Basin

1.2.1 Introduction

The inland waters of Eastern Africa are known internationally
for their high levels of species richness and endemism, with
the Lake Victoria Basin being specifically recognised in
this respect (Darwall et al., 2005). The Lake Victoria Basin
encompasses Lake Victoria and its large catchment (Figure
1.4). Lake Victoria (Figure 1.5) is the world’s second largest
freshwater lake by surface area (68,800 km?) and is bordered
by Kenya, Tanzania and Uganda. It has been called ‘Darwin’s
dreampond’ as hundreds of species of cichlids are thought
to have evolved from a small number of species in only
15,000 years, equivalent to a new species evolving every 30
years on average (Goldschmidt, 1996; Seehausen, 2002).
Worryingly, it is also an area of extremely high threatened
species richness (Darwall et al., 2011) with impacts to the

Lake Victoria fish community (particularly to the many
undescribed haplochromine cichlids) often reported as an
example of one of the greatest losses of unique vertebrate
species globally (McGee et al., 2015; Seehausen et al., 1997;
Witte et al., 1992). Two additional countries (Burundi and
Rwanda) lie within the catchment of Lake Victoria and the
total area of the basin is 193,000 km?. The basin also includes
a number of satellite lakes, which act as important species
diversity refuges, as well as numerous rivers and wetlands.
The Kagera River, draining Burundi, Rwanda and part of
Uganda, is the largest river flowing into the lake. However,
rivers flowing into the lake from Kenya, which contains
the smallest portion of the lake, contribute over 37% of its
surface water inflows. The Nile River (Figure 1.6) is the only
surface outlet from the lake, flowing through Lake Kyoga in
Uganda, another lake with high species diversity (although
Lake Kyoga lies outside the scope of this report).

The Lake Victoria Basin has immense natural resources
including fisheries, forests, wetlands and rangelands, which
support the livelihoods of the communities around the basin.
The demands to meet the needs of the region’s rapidly
increasing human population and its domestic animals, in the
form of space, shelter, food, water, health services and waste
disposal (Figure 1.7), put high pressure on the natural
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Figure 1.4 Location of the Lake Victoria Basin in Africa, with a close-up of the basin.



resources of the basin. Consequently, natural resources in
the basin have undergone many negative changes, in turn
threatening the livelihoods of local communities. These
changes include a decline in the abundance and diversity of
fishes, degradation in water quality and quantity, and
degradation and loss of wetlands and their associated
catchments. Aquatic systems comprise one of the most
important resources of the basin and cover over 50% of its

productive surface area (Lake Victoria Basin Commission,
2011a).

The population of the Lake Victoria Basin represents about
30% of the total inhabitants of the five countries in the
basin (Lake Victoria Basin Commission, 2007). Kayombo
and Jorgensen (2005) stated the population as 30 million,
and this was projected to rise to about 42 million by the

Figure 1.5 View over Lake Victoria from Port Bell, Kampala, Uganda. © J J (CC BY-NC-ND 2.0)

Figure 1.6 The River Nile, the only surface outlet of Lake Victoria, in Uganda. © Babak Fakhamzadeh (CC BY-NC 2.0)



year 2010 (Lake Victoria Basin Commission, 2007). The
population density in the basin for each of the five countries
in the basin is higher than the respective national population
densities. The living conditions and life expectancy of the
people within the basin are greatly affected by the prevailing
economic, political, policy and institutional situation at the
national level, as well as the socioeconomic services.

1.2.2 Regional threats
1.2.2.1 Agriculture

Agricultural production is the mainstay of the economy
of the Lake Victoria Basin in terms of food security,
income generation and employment with over 70% of the
population engaged in agricultural production (Kayombo
and Jorgensen, 2005). The proportion of land used for
agriculture varies in the riparian countries, depending
on the topography, soils, rainfall, population pressure
and climate. Poor farming practices and continued use
of chemicals and fertilisers have led to deterioration of
soil quality with agricultural land becoming acidified. Soil
erosion, which is inherent on agricultural fields located
on slopes with gradients greater than 1.5 to 2.0 degrees,
especially in the Kenyan, Rwandan and Burundian parts
of the basin, is a major problem. It is estimated that only
a third of susceptible land has been protected against
erosion through the use of simple practices, such as lateral
slope tillage. Small to medium scale irrigation schemes
are common within the basin, and most depend upon river
water. The Lake Victoria Basin Commission (2007) state the

existing area of irrigated farmland in the lower part of the
basin is 233,470 million hectares. Increased sedimentation,
eutrophication, chemical pollution (especially pesticides)
and over abstraction of water all have a negative impact
on downstream wetland ecosystems and the important
fisheries (Figure 1.8).

1.2.2.2 Fisheries

Fisheries in the Lake Victoria Basin provide a very important
source of subsistence, employment, food and foreign
exchange earnings. The total landings from Lake Victoria are
around one million tonnes of fish per year (Marshall and
Mkumbo, 2011; Taabu-Munyaho et al., 2016) and, based on
an estimated production of half of this value, Odongkara
et al. (2005) valued the harvest at over 600 million USD
annual return (Njiru et al., 2008). Next to agriculture, fishing
and processing of fish for export, as well as for the supply of
local markets, are the most significant economic activities in
the basin, employing over three million people, directly or
indirectly. Prior to major anthropogenic disturbances, the
system harboured between 600 and 1,000 species of
cichlids, all but four of them endemic haplochromines
(Kaufman et al., 1997; Seehausen, 2002, 2015; Witte et al.,
2007). However, 50 years after the introduction of the Nile
Perch (Lates niloticus) it is estimated that the number of fish
species has been significantly reduced with many species
heavily impacted or eliminated through predation by and
competition from Nile Perch, competition from introduced
tilapiines, eutrophication and overfishing (Balirwa et al.,
2003; McGee et al., 2015; Mwanja et al., 2001; Seehausen et

Figure 1.7 The city of Kampala, capital of Uganda. © Mike Freedman (CC BY-NC-ND 2.0)



al., 1997). Cage aquaculture is a new emerging threat to fish
biodiversity in Lake Victoria (Figure 1.9).

1.2.2.3 Forestry

Forestry resources are pivotal in supporting local livelihoods,
as well as the functioning of the wider ecosystems.
Communities rely on forests as sources of foods, construction
materials, fuels, medicines and even as a source of spiritual
inspiration. Agro-forestry has grown over the years with afocus
on nitrogen-fixing species and other fast growing species.
However, despite the importance of forestry resources,
the basin’s forests have experienced extensive destruction
through deforestation (primarily for agriculture; Figure 1.10),
unsustainable wood harvesting (Waiswa et al., 2015) and fires.
The degradation of forest ecosystems in the basin continues to
be a major challenge, and one that has regional consequences.

1.2.2.4 Energy

Development of energy sources in the Lake Victoria Basin
remains a major challenge. Wood fuel supplies over 90%
of energy requirement in the countries of the basin (Lake
Victoria Basin Commission, 2011b). Hot springs are present

Figure 1.8 Invasive Water Hyacinth (Eichhornia crassipes) and
polluted waters in Lake Victoria at Kisumu, Kenya. © Daniel
Hufeisen (CC BY-NC-ND 2.0)

but these have not been exploited for energy. Solar and
wind power, the latter of which is currently used mainly
for water pumping and grain milling, are not significantly
developed at present but have potential for future power
generation (Arungu-Olende, 2006). Low investment rates
in the sector characterises the basin in all five countries.
In addition, reliance on hydropower as the main source
of energy for urban and industrial use has exposed the
basin to the vagaries of nature, for example declining water
levels in Lake Victoria have adversely affected hydropower
generation at Jinja (Kull, 2006). The consequences include
reduced industrial production, increased unemployment
and inefficient utilisation of available resources. As a result
electricity supply is still very low within the basin and within
the five countries overall. Kenya has the highest connectivity,
with 36.0% of the population accessing electricity (in 2014),
followed by Uganda (20.4%), Rwanda (19.8%), Tanzania
(15.5%) and Burundi (7.0%) (The World Bank, 2017).

1.2.2.5 Climate change

Itis now widely acknowledged that climate change is becoming
an increasingly important threat to human populations and
biodiversity alike (IPCC, 2014). Impacts of climate change on

Figure 1.9 Fish farming cages in the Ugandan waters of Lake
Victoria. © Malcolm Dickson via Worldfish (CC BY-NC-ND 2.0)

Figure 1.10 Deforestation of the Mau Forest, Kenya, to clear
land for tea plantations. © Patrick Shepherd via CIFOR (CC BY-
NC-ND 2.0)



biodiversity have already been observed at multiple biological
levels, ranging from genes to biomes (Scheffers et al., 2016).
The Lake Victoria Basin is likely to be no exception to this,
and has indeed already experienced observable impacts
related to climate change, including: i) changes in spatial
and temporal distribution of rainfall; ii) scarcity of potable
water; iii) biodiversity declines, including many fish species;
iv) periodical variations of the Lake Victoria water level and
its quality; and v) diminishing trends of crop production and
emerging crop diseases (Tungaraza et al., 2012). Additionally,
Van Zweiten et al. (2016) suggest that the upsurge of Nile Perch
in Lake Victoria was facilitated by climate fluctuations that
favoured Nile Perch over cichlids and led to a complete change
in the system to an alternative stable state.

Climate projections produced for the entirety of Africa
by Platts et al. (2015) suggest that under Representative
Concentration Pathway (RCP) 8.5 the basin’s mean monthly
temperatures will have increased by more than 3°C by 2055
at some locations. These data show some spatial variation
in the projected temperature changes (Figure 1.11), with the
greatest changes expected to occur in the north-west of the
basin, and the smallest changes (increases of around 2.2°C)
projected to occur in the central basin, over Lake Victoria

itself. When considering projected temperature changes, it
is important to note that values indicate projected surface
temperature, and may therefore not accurately reflect the
changes that will occur within the lake itself. Nevertheless,
these proxy values are thought to be the best data available
for this region, and can still provide important insights into
anticipated future changes.

In terms of precipitation, these data suggest much wider
spatial variation in their projected changes (Figure 1.12). By
2055, and again using RCP8.5, projections suggest decreases
in mean monthly precipitation of almost 16 mm across much
of central Lake Victoria itself. By contrast, in much of the basin
surrounding the actual lake, projections suggest an overall
increase in rainfall. These increases are projected to be most
profound at the north-western and south-eastern peripheries
of the basin, where the projections estimate a mean monthly
precipitation increase of up to 12 mm at some locations.

1.2.3 Regional use and value of wetlands and
their biodiversity

It is well known that declines in freshwater ecosystems and
their services will have a strong impact on local communities,
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Figure 1.11 Changes in the average annual monthly mean temperature across the Lake Victoria Basin under RCP8.5 in 2055 (based
on Platts et al. 2015) in degrees celcius. Data are classified using quantiles.



especially the rural poor who are often heavily dependent
on aquatic resources (Phillips et al., 2002). In Africa there
is a clear spatial congruence between centres of rural
poverty and of threatened freshwater species, particularly
in the Great Lakes region of Eastern Africa (Darwall et al.,
2011), and this signifies a great risk to rural livelihoods
unless conservation efforts improve markedly. Within the
Lake Victoria Basin, wetlands and their associated species
provide rural communities with many essential services,
including fisheries, building materials, water for drinking
and irrigation. Artisanal fisheries (Figure 1.13) alone provide
food security and income for an estimated eight million
people, supporting over 100,000 fishermen and alleviating
poverty (LakeNet, 2014). The lack of effective protection
for freshwater biodiversity, combined with ongoing plans
for major development of natural areas for food production
and other needs (e.g. provision of hydropower), poses
an increasing risk to the region’s biodiversity and, as a
consequence, to livelihoods of the rural poor.

1.2.4 Environmental policies
The key relevant environmental resources policies aimed

at the conservation and sustainable use of these valuable
natural resources for the region were developed and adopted

by the original countries of the East African Community
(EAC) (Kenya, Tanzania and Uganda) between 1996 and
2006 (East African Community Secretariat, 2006). In 2007,
Burundi and Rwanda, as well as South Sudan outside the
Lake Victoria Basin, joined the EAC. Most of the policies
adopted have a common foundation on participatory
management of environmental resources, and these policies
are based on the following topics: Burundi (land, forest and
waste management policies, and a national environment
management plan), Rwanda (land, forest, tourism, water
and sanitation, and environment policies), Uganda (wildlife,
forestry, wetlands, mining, fisheries, water and environment
policies), Tanzania (land, forest, agriculture, mineral, wildlife,
water, fisheries and environment management policies) and
Kenya (forest, land, wildlife, water resources management,
and environmental management policies) (East African
Community Secretariat, 2017) .

The implementation of these environmental policies and
laws is vested on various respective sectoral government
ministries and agencies. The extent of decentralisation
of implementation, from lower governance levels to
districts, varies amongst the five countries of the basin. The
environmental acts in countries are cross cutting rather than
sectoral and hence the implementation has been vested (or
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Figure 1.12 Changes in the average annual monthly mean precipitation across the Lake Victoria Basin under RCP8.5 in 2055 (based
on Platts et al. 2015) in mm. Data are classified using quantiles.
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Figure 1.13 Men fishing in Lake Victoria. © Arnau Ribera (CC BY-NC-ND 2.0)

shared) with specialised agencies. The National Environment
Management Authority (NEMA) of Uganda and Kenya, the
Rwanda Environment Management Authority (REMA),
the Department of Environment in the Vice President’s
Office and National Environmental Management Council
(NEMC) of Tanzania, and the Department of Land and
Environmental Management in Burundi are responsible for
the implementation and enforcement of the environmental
legislations. At regional level, the Lake Victoria Basin
Commission (LVBC), established in 2005 as an apex
institution of the EAC, is charged with the responsibility
of coordinating programmes and other interventions
undertaken by various stakeholders operating in the Lake
Victoria Basin. The LVBC functions in the countries through
the designated national focal point ministries and the
ministries responsible for EAC affairs (Lake Victoria Basin
Commission, 2017).

Conservation and research on freshwater biodiversity (field
survey and taxonomic assessment) is mainly conducted by
the Lake Victoria Fisheries Organization (LVFO), the national
museums, and universities supported by the Lake Victoria
Research Initiative (VicRes).

Current safeguards for freshwater biodiversity in the Lake
Victoria Basin are proving to be inadequate, such that a

high proportion of species remain threatened. Many of
these threats could be tackled through site-based actions
at the river/lake sub-basin scale. Protected areas should
provide the foundation for such actions, but are currently
not well matched to the distributions of freshwater species
(Da Silva et al., 2013), and typically fail to account for the
high connectivity within and between freshwater sites.
Consequently, even where species are within existing
protected area boundaries they remain threatened by factors
such as pollution and invasive species, which often come
from sources distant to the protected area itself. On the other
hand, many of the endemic fish species of Lake Victoria
are restricted in their distributions to certain sections of the
lake, including for some species, around a small number
of isolated islands, and these species do not benefit from
protected areas that lie outside their distributions.

1.3 Objectives of this study
1.3.1 Targets and outcomes

The primary goal of this project was to identify a climate-
resilient network of priority sites within the Lake Victoria
Basin for the conservation and sustainable use of freshwater
biodiversity, providing benefits to associated local livelihoods.



The long term aim of this project is to realise the benefits of
active freshwater biodiversity conservation in the network of
priority sites.

1.3.2 Project components

The following activities were undertaken as part of this study
and are discussed in this report:

1. Field surveys - Field surveys to fill information gaps for
freshwater fishes and odonates were conducted in the
upper and lower Kagera satellite lakes of Tanzania, and in
Rwanda, respectively. The results of these surveys are
included in the relevant taxonomic chapters (Chapters 4
and 6).

Species Red List assessments (Chapters 3-7,
summarised in Chapter 8) — The previously published
IUCN Red List assessments of the freshwater species
native to the Lake Victoria Basin were updated (with the
exception of the haplochromine cichlids) and newly
described freshwater species of the region were
assessed.

Red List Index (RLI) (Chapter 9) — Regional RLlIs for
each comprehensively assessed freshwater taxonomic
group within the Lake Victoria Basin were calculated to
investigate trends in the status of biodiversity.

Climate change vulnerability assessments (Chapters
4-7, summarised in Chapter 8) — Assessments of the
vulnerability of the freshwater species (with the exception
of the decapods) native to the Lake Victoria Basin to
climate change were made.

Species use and livelihoods assessments (Chapter
10) — Assessments of the importance of freshwater fishes
and aquatic plants to human livelihoods within the Lake
Victoria Basin were made.

Key Biodiversity Areas (KBAs) (Chapter 11) — KBAs for
freshwater biodiversity were delineated within the Lake
Victoria Basin, using data from the updated Red List
assessments described in this report.

KBA site champion training (Chapter 12) — Training
workshops were held for potential KBA site champions
for a subset of the newly delineated KBAs.

Systematic conservation planning (Chapter 13) - A
network of sites within the Lake Victoria Basin for the
conservation of freshwater biodiversity was identified,
based around the existing protected areas and KBA
network and the newly delineated freshwater KBAs, and
using the recently updated Red List and climate change
vulnerability assessments.

Dissemination — Results, including this report and
the summary policy, will be disseminated. Red List
assessments are already available through the IUCN
Red List website (www.iucnredlist.org) and KBA data will
be made available through the World Database of Key
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Biodiversity Areas (http://www.keybiodiversityareas.
org). These results will also be made available through
the Integrated Biodiversity Assessment Tool (IBAT;
https://www.ibatforbusiness.org/ and https://www.ibat-
alliance.org/ibat-conservation/).

Bibliography

Arungu-Olende, S. (2006). ‘Energy and Environment in the Lake
Victoria Basin’. In: E.O. Odada, D.O. Olago and W.O. Ochola
(eds.) Environment for Development: An Ecosystems
Assessment of Lake Victoria Basin, pp. 123-134. Nairobi,
Kenya: United Nations Environment Programme (UNEP),
Pan African START Secretariat (PASS).

Balian, E.V., Lévéque, C., Segers, H. and Martens, K. (2008).
Freshwater animal diversity assessment. Dordrecht,
Netherlands: Springer Netherlands. https://doi.
org/10.1007/978-1-4020-8259-7

Balirwa, J.S., Chapman, C.A., Chapman, L.J., Cowkx,
I.G., Geheb, K., Kaufman, L., Lowe-McConnell, R.H.,
Seehausen, O., Wanink, J.H., Welcomme, R.L. and
Witte, F. (2003). ‘Biodiversity and Fishery Sustainability
in the Lake Victoria Basin: An Unexpected Marriage?’.
BioScience 53:703. https://doi.org/10.1641/0006-
3568(2003)053[0703:BAFSIT]2.0.CO;2

Costanza, R., de Groot, R., Sutton, P., van der Ploeg, S.,
Anderson, S.J., Kubiszewski, |., Farber, S. and Turner, R.K.
(2014). ‘Changes in the global value of ecosystem services’.
Global Environmental Change 26:152-158. https://doi.
org/10.1016/j.gloenvcha.2014.04.002

Cumberlidge, N., Ng, P.K.L., Yeo, D.C.J., Magalhaes, C.,
Campos, M.R., Alvarez, F., Naruse, T., Daniels, S.R.,
Esser, L.J., Attipoe, FY.K,, Clotilde-Ba, F.-L., Darwall, W.,
Mclvor, A., Baillie, J.E.M., Collen, B. and Ram, M. (2009).
‘Freshwater crabs and the biodiversity crisis: Importance,
threats, status, and conservation challenges’. Biological
Conservation 142:1665-1673. https://doi.org/10.1016/j.
biocon.2009.02.038

Da Silva, N., Harrison, 1.J., Evans, M., Bunting, G., Holland,
R.A. and Darwall, W.R.T. (2013). ‘Biological significance
— freshwater and terrestrial species diversity and Key
Biodiversity Areas’. In: BirdLife International and Partners
(eds.) Conservation Strategy for the Great Lakes Region of
East and Central Africa, pp. 22-45. MacArthur Foundation.

Darwall, W.R.T., Smith, K.G., Allen, D.J., Holland, R.A.,
Harrison, I.J. and Brooks, E.G.E. (2011). The diversity of
life in African freshwaters: underwater, under threat. Gland,
Switzerland and Cambridge, UK: IUCN.

Darwall, W.R.T., Smith, K.G., Lowe, T. and Vié, J.-C. (2005). The
status and distribution of freshwater biodiversity in eastern
Africa. Gland, Switzerland and Cambridge, UK: IUCN.

De Grave, S., Smith, K.G., Adeler, N.A., Allen, D.J., Alvarez, F.,
Anker, A., Cai, Y., Carrizo, S.F., Klotz, W., Mantelatto, F.L.,


http://www.iucnredlist.org
http://www.keybiodiversityareas.org
http://www.keybiodiversityareas.org
https://www.ibatforbusiness.org/
https://doi.org/10.1007/978-1-4020-8259-7 
https://doi.org/10.1007/978-1-4020-8259-7 
https://doi.org/10.1641/0006-3568(2003)053[0703:BAFSIT]2.0.CO;2
https://doi.org/10.1641/0006-3568(2003)053[0703:BAFSIT]2.0.CO;2
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1016/j.biocon.2009.02.038
https://doi.org/10.1016/j.biocon.2009.02.038

Page, T.J., Shy, J.-Y., Villalobos, J.L. and Wowor, D. (2015).
‘Dead shrimp blues: a global assessment of extinction risk
in freshwater shrimps (Crustacea: Decapoda: Caridea)'’.
PLOS ONE 10, e0120198. https://doi.org/10.1371/journal.
pone.0120198

Dudgeon, D., Arthington, A.H., Gessner, M.O., Kawabata, Z.-I.,
Knowler, D.J., Lévéque, C., Naiman, R.J., Prieur-Richard,
A.-H., Soto, D., Stiassny, M.L.J. and Sullivan, C.A. (2006).
‘Freshwater biodiversity: importance, threats, status and
conservation challenges’. Biological Reviews. 81:163.
https://doi.org/10.1017/S1464793105006950

East African Community Secretariat (2017). ‘EAC’s
Environment Agenda: A Healthy Natural Environment for
Present and Future Generations’. Environment & Natural
Resources Management. [website] <https://www.eac.int/
environment>. Accessed 9 November 2017.

East African Community Secretariat (2006). Agricultural and
rural development policy for the East African Community.
Arusha, Tanzania: East African Community Secretariat.

Gleick, P.H. (1996). ‘Water resources’, In: S.H. Schneider (ed.),
Encyclopedia of Climate and Weather, pp. 817-823. New
York, USA: Oxford University Press.

Goldschmidt, T. (1996). Darwin’s Dreampond: Drama in Lake
Victoria. Cambridge, USA: MIT Press.

IPCC (2014). Climate Change 2014: Synthesis Report.
Contribution of Working Groups |, Il and Ill to the Fifth
Assessment Report of the Intergovernmental Panel on
Climate Change. Geneva, Switzerland: IPCC.

IUCN (2017). ‘The IUCN Red List of Threatened Species.
Version 2017-2’. [online journal] <http://www.iucnredlist.
org>. Accessed 6 November 2017.

IUCN (2012). IUCN Red List Categories and Criteria: Version
3.1. Second edition. Gland, Switzerland and Cambridge,
UK: IUCN.

Juffe-Bignoli, D. and Darwall, W.R.T. (2012). Assessment of
the socio-economic value of freshwater species for the
northern African region. Gland, Switzerland and Malaga,
Spain: IUCN.

Kaufman, L.S., Chapman, L.J. and Chapman, C.A. (1997).
‘Evolution in fast forward: haplochromine fishes of the
Lake Victoria region’. Endeavour 21:23-29. https://doi.
org/10.1016/S0160-9327(96)10034-X

Kayombo, S. and Jorgensen, S.E. (2005). Lake Victoria:
Experience and Lessons Learned Brief. Lake Basin
Management Initiative.

Kull, D. (2006). Connections between recent water level drops
in Lake Victoria, dam operations and drought. Nairobi,
Kenya.

Lake Victoria Basin Commission (2017). ‘Who we are’ [website]
<https://www.lvbcom.org/index.php/Who%20we %20
are>. Accessed 9 November 2017.

Lake Victoria Basin Commission (2011a). A study on Aquatic
Biodiversity in the Lake Victoria Basin. Kenya: African
Centre for Technology Studies, Acts Press.

11

Lake Victoria Basin Commission (2011b). Lake Victoria Basin
Commission Strategic Plan (2011-2016). Lake Victoria
Basin Commission.

Lake Victoria Basin Commission (2007). Regional
Transboundary Diagnostic Analysis (RTDA) of the Lake
Victoria Basin. Lake Victoria Basin Commission.

LakeNet (2014). ‘Victoria’. Lake Profiles [website] <http://www.
worldlakes.org/lakedetails.asp?lakeid=8361>. Accessed
3 November 2017.

Lundberg, J.G., Kottelat, M., Smith, G.R., Stiassny, M.L.J.
and Gill, A.C. (2000). ‘So Many Fishes, So Little Time: An
Overview of Recent Ichthyological Discovery in Continental
Waters’. Annals of the Missouri Botanical Garden. 87:26.
https://doi.org/10.2307/2666207

Marshall, B.E. and Mkumbo, O.C. (2011). ‘The fisheries of Lake
Victoria: past present and future’. Nature & Faune. 26:8-13.

McGee, M.D., Borstein, S.R., Neches, R.Y., Buescher, H.H.,
Seehausen, O. and Wainwright, P.C. (2015). ‘A pharyngeal
jaw evolutionary innovation facilitated extinction in Lake
Victoria cichlids’. Science 350:1077-1079. https://doi.
org/10.1126/science.aab0800

Millennium Ecosystem Assessment (2005). Ecosystems
and Human Well-being: A Framework for Assessment.
Washington, D.C., USA: Island Press.

Mwanja, W.W., Kaufman, L. and Fuerst, P.A. (2001). ‘A case
for reintroduction and restoration of cichlid fishes in Lake
Victoria region waters: A means towards management
and conservation of rare and endangered cichlid species’,
paper delivered at the LVEMP Conference, Kisumu, Kenya,
2001.

Njiru, M., Kazungu, J., Ngugi, C.C., Gichuki, J. and Muhoozi, L.
(2008). ‘An overview of the current status of Lake Victoria
fishery: Opportunities, challenges and management
strategies: Management of Lake Victoria fishery’. Lakes
& Reservoirs: Research & Management. 13: 1-12. https://
doi.org/10.1111/j.1440-1770.2007.00358.x

Odongkara, K., Abila, R.O. and Onyango, P.O. (2005).
‘Distribution of economic benefits from the fisheries, in:
The State of the Fisheries Resources of Lake Victoria
and Their Management’. In: Proceedings of the Regional
Stakeholders’ Conference. pp. 124-131. Jinja, Uganda:
Lake Victoria Fisheries Organization Secretariat.

Phillips, M.J., Reantaso, M.B. and Bueno, P.N. (2002).
‘Environment, livelihoods and indigenous cold water fishes’.
In: T. Petr and S.B. Swar (eds.) Cold Water Fisheries in the
Trans-Himalayan Countries. FAO Fisheries Technical Paper
431. pp. 37-46. Rome, ltaly: FAO.

Platts, P.J., Omeny, P.A. and Marchant, R., (2015). ‘AFRICLIM:
high-resolution climate projections for ecological
applications in Africa’. African Journal of Ecology 53:103-
108. https://doi.org/10.1111/aje.12180

Purseglove, J. (1988). Taming the flood: a history and natural
history of rivers and wetlands. Oxford, UK: Oxford
University Press.


https://doi.org/10.1371/journal.pone.0120198
https://doi.org/10.1371/journal.pone.0120198
https://doi.org/10.1017/S1464793105006950
https://www.eac.int/environment
https://www.eac.int/environment
http://www.iucnredlist.org
http://www.iucnredlist.org
https://doi.org/10.1016/S0160-9327(96)10034-X
https://doi.org/10.1016/S0160-9327(96)10034-X
https://www.lvbcom.org/index.php/Who%20we%20are
https://www.lvbcom.org/index.php/Who%20we%20are
http://www.worldlakes.org/lakedetails.asp?lakeid=8361
http://www.worldlakes.org/lakedetails.asp?lakeid=8361
https://doi.org/10.2307/2666207
https://doi.org/10.1126/science.aab0800
https://doi.org/10.1126/science.aab0800
https://doi.org/10.1111/j.1440-1770.2007.00358.x
https://doi.org/10.1111/j.1440-1770.2007.00358.x
https://doi.org/10.1111/aje.12180

Richman, N.I., Bohm, M., Adams, S.B., Alvarez, F., Bergey,
E.A., Bunn, J.J.S., Burnham, Q., Cordeiro, J., Coughran,
J., Crandall, K.A., Dawkins, K.L., DiStefano, R.J., Doran,
N.E., Edsman, L., Eversole, A.G., Fureder, L., Furse, J.M.,
Gherardi, F., Hamr, P., Holdich, D.M., Horwitz, P., Johnston,
K., Jones, C.M., Jones, J.P.G., Jones, R.L., Jones, T.G.,
Kawai, T., Lawler, S., Lopez-Mejia, M., Miller, R.M.,
Pedraza-Lara, C., Reynolds, J.D., Richardson, A.M.M.,
Schultz, M.B., Schuster, G.A., Sibley, P.J., Souty-Grosset,
C., Taylor, C.A., Thoma, R.F., Walls, J., Walsh, T.S. and
Collen, B. (2015). ‘Multiple drivers of decline in the global
status of freshwater crayfish (Decapoda: Astacidea)’.
Philosophical Transactions of the Royal Society B. 370.
https://doi.org/10.1098/rstb.2014.0060

Scheffers, B.R., De Meester, L., Bridge, T.C.L., Hoffmann,
A.A., Pandolfi, J.M., Corlett, R.T., Butchart, S.H.M.,
Pearce-Kelly, P., Kovacs, K.M., Dudgeon, D., Pacifici, M.,
Rondinini, C., Foden, W.B., Martin, T.G., Mora, C., Bickford,
D. and Watson, J.E.M. (2016). ‘The broad footprint of
climate change from genes to biomes to people’. Science
354:aaf7671. https://doi.org/10.1126/science.aaf7671

Schuyt, K. and Brander, L. (2004). Living Waters Conserving
the Source of Life. The Economic Value of the World’s
Wetlands. Gland, Switzerland: WWF.

Seehausen, O. (2015). ‘Process and pattern in cichlid radiations
— inferences for understanding unusually high rates of
evolutionary diversification’. New Phytologist. 207:304-312.
https://doi.org/10.1111/nph.13450

Seehausen, O. (2002). ‘Patterns in fish radiation are compatible
with Pleistocene desiccation of Lake Victoria and 14,600
year history for its cichlid species flock’. Proceedings of
the Royal Society of London. Series B, Biological Sciences.
269:491-497. https://doi.org/10.1098/rspb.2001.1906

Seehausen, O., van Alphen, J.J.M. and Witte, F. (1997). ‘Cichlid
Fish Diversity Threatened by Eutrophication That Curbs
Sexual Selection’. Science 277:1808-1811. https://doi.
org/10.1126/science.277.5333.1808

Smith, K.G., Barrios, V., Darwall, W.R.T. and Numa, C. (2014).
The status and distribution of freshwater biodiversity in the
Eastern Mediterranean. Gland, Switzerland, Cambridge,
UK and Malaga, Spain: IUCN.

Strayer, D.L. and Dudgeon, D. (2010). ‘Freshwater biodiversity
conservation: recent progress and future challenges’.
Journal of the North American Benthological Society.
29:344-358. https://doi.org/10.1899/08-171.1

12

Taabu-Munyaho, A., Marshall, B., Tomasson, T. and
Marteinsdottir, G. (2016). ‘Nile perch and the transformation
of Lake Victoria’. African Journal of Aquatic Science.
41:127-142. https://doi.org/10.2989/16085914.2016.1157058

The World Bank (2017). ‘Access to electricity (% of population)’
Indicators [website] <https://data.worldbank.org/indicator/
EG.ELC.ACCS.ZS?view=chart>. Accessed 9 November
2017.

Tungaraza, C., Eliapenda, E., Osewe, K.O. and Palapala, P.M.
(2012). ‘Long-term climate impact on the Lake Victoria
region influences water level fluctuation and resource
availability’. International Journal of Environmental Science.
2:1717-1732 https://doi.org/10.6088/ijes.00202030055

van Zwieten, P.A.M., Kolding, J., Plank, M.J., Hecky, R.E.,
Bridgeman, T.B., Maclntyre, S., Seehausen, O. and Silsbe,
G.M. (2016). ‘The Nile perch invasion in Lake Victoria:
cause or consequence of the haplochromine decline?’
Canadian Journal of Fisheries and Aquatic Sciences.
73:622-643. https://doi.org/10.1139/cjfas-2015-0130

Vorosmarty, C.J., Mclintyre, P.B., Gessner, M.O., Dudgeon, D.,
Prusevich, A., Green, P., Glidden, S., Bunn, S.E., Sullivan,
C.A,, Liermann, C.R. and Davies, P.M. (2010). ‘Global
threats to human water security and river biodiversity’.
Nature 467:555-561. https://doi.org/10.1038/nature09440

Waiswa, D., Stern, M.J. and Prisley, S.P. (2015). ‘Drivers of
Deforestation in the Lake Victoria Crescent, Uganda’.
International Journal of Sustainable Future for Human
Security. 34:259-275. https://doi.org/10.1080/10549811.
2014.1003565

Witte, F., Goldschmidt, T., Wanink, J., van Oijen, M.,
Goudswaard, K., Witte-Maas, E. and Bouton, N., (1992).
‘The destruction of an endemic species flock: quantitative
data on the decline of the haplochromine cichlids of Lake
Victoria’. Environmental Biology of Fishes. 34:1-28. https://
doi.org/10.1007/BF00004782

Witte, F., Wanink, J.H., Kishe-Machumu, M., Mkumbo,
O.C., Goudswaard, P.C. and Seehausen, O. (2007).
‘Differential decline and recovery of haplochromine trophic
groups in the Mwanza Gulf of Lake Victoria’. Aquatic
Ecosystem Health & Management. 10:416-433. https://
doi.org/10.1080/14634980701709410

WWF (2016). Living Planet Report 2016. Risk and resilience
in a new era. Gland, Switzerland: WWF International.


https://doi.org/10.1098/rstb.2014.0060
https://doi.org/10.1126/science.aaf7671
https://doi.org/10.1111/nph.13450
https://doi.org/10.1126/science.277.5333.1808
https://doi.org/10.1126/science.277.5333.1808
https://doi.org/10.1899/08-171.1
https://doi.org/10.2989/16085914.2016.115705
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?view=chart
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS?view=chart
https://doi.org/10.6088/ijes.00202030055
https://doi.org/10.1139/cjfas-2015-0130
https://doi.org/10.1038/nature09440
https://doi.org/10.1080/10549811.2014.1003565
https://doi.org/10.1080/10549811.2014.1003565
https://doi.org/10.1007/BF00004782
https://doi.org/10.1007/BF00004782
https://doi.org/10.1080/14634980701709410
https://doi.org/10.1080/14634980701709410

[
L

etrum julia. © B _?_"'r'_ ¢

Potamonautes niloticus. © Neil Cumberlidge Radix natalensis. © Guido & Philippe Poppe
(www.conchology.be)

Nothobranchius ugandensis. © Brian Watters



Chapter 2

Species assessment methodology
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2.1 Lake Victoria Basin region
delineation

Lake Victoria is bordered by three countries (Kenya, Tanzania
and Uganda) with two additional countries (Burundi and
Rwanda) lying within its basin (Figure 2.1). The Lake Victoria
Basin is bordered to the north by the Upper Nile Basin and the
Turkana/Omo Basin, and to the south by the Lake Tanganyika
Basin. It should be noted that Lake Kyoga and its catchment
(in Uganda) are not considered part of the Lake Victoria Basin
for this report.

2.2 Selection of priority taxa

In the majority of cases, large-scale biodiversity
assessments have focussed on a limited range of taxonomic
groups, most often including those groups that provide
obvious benefits to humans through direct consumption, or
the more charismatic groups, such as mammals and birds.
In the case of aquatic systems, wetland birds, amphibians

and fishes have received the most attention. However,
it is important that we take a more holistic approach by
collating information to conserve other components of the
food web that are essential to the maintenance of healthy
functioning wetland ecosystems, even if they are neither
publically charismatic nor often noticed, as is generally the
case for submerged species. As it is not practical to assess
all species, a number of taxonomic groups have been
prioritised for comprehensive assessment at the global
scale (i.e. assessment of all species within the taxonomic
group on the global IUCN Red List of Threatened Species™,
www.iucnredlist.org) as part of IUCN’s global freshwater
biodiversity assessment.

The taxonomic groups selected represent a range of
trophic levels within the food webs that underlie and
support wetland ecosystems, and are also groups for
which there is thought to be a reasonable level of existing
information. These priority taxonomic groups are: decapod
crustaceans (crabs, crayfish and shrimps), fishes, molluscs,
odonates (dragonflies and damselflies), and aquatic plants?.

' Freshwater Biodiversity Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,

Pembroke Street, Cambridge, CB2 3QZ, UK

2 Climate Change Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,

Pembroke Street, Cambridge, CB2 3QZ, UK

8 It should be noted that aquatic plants do not strictly represent a taxonomic group. However, this terminology will be used throughout the report when

discussing the high level species groups assessed.
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Figure 2.1 The boundary of the Lake Victoria Basin as defined for this report.

Freshwater fishes, as well as some freshwater decapods
and molluscs, provide clear benefits to the livelihoods of
many people globally, either as a source of income or as a
valuable food supply (Figure 2.2).

Benefits provided by the other taxa may be indirect and
therefore poorly appreciated, but are nonetheless also
important. Given the wide range of trophic levels and
ecological roles encompassed within these five taxonomic
groups, it is proposed that information on their distributions
and extinction risk, when combined, will provide a useful
indication for the overall status of the associated wetland
ecosystems.

The work presented in this report follows on from the work
conducted by Darwall et al. (2011) in their study of the same
freshwater taxonomic groups across mainland Africa.
The same taxonomic groups have also been assessed
for other parts of the world, beyond Pan-Africa. As such,
the assessments presented here through this regionally-
focussed project also contribute to building a global
coverage of these taxonomic groups, and to keeping their
Red List assessments up to date. Other published regional
biodiversity assessments include those in the: Eastern
Himalaya (Allen et al., 2010); Western Ghats, India (Molur
et al., 2011); Indo-Burma (Allen et al., 2012); and Eastern
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Figure 2.2 Drying Rastrineobola argentea, which is locally
known as Omenain Kenya and assessed as Least Concern (LC).
© Patrick Dugan via Worldfish (CC BY-NC-ND 2.0)

Mediterranean (Smith et al., 2014). All freshwater species
of crabs (Cumberlidge et al., 2009), crayfish (Richman et
al., 2015) and shrimps (De Grave et al., 2015) have been
assessed at the global scale and published on the IUCN Red
List.

2.2.1 Decapod crustaceans

Freshwater decapod crustaceans include crabs, crayfish and
shrimps. Of these three groups, only the freshwater crabs



(e.g. Figure 2.3) and shrimps have species native to the Lake
Victoria Basin.

Freshwater crabs are one of the most ecologically important
freshwater macro-invertebrate groups globally. They are
thought to play a key role in nutrient cycling due to the high
importance of detritus in the diet of many species, coupled
with their abundance and high biomass (Cumberlidge et
al., 2009). As freshwater crabs are found in a wide variety of
aquatic habitats, and as they are normally associated with
relatively good quality water, they are excellent indicators
of water quality (Yeo et al., 2008). Additionally, they are a
key component of tropical aquatic food webs, acting as
prey items for a large number of predators, as well as being
widely consumed by humans (Cumberlidge et al., 2009).
Freshwater shrimps are also important as a human food
source (Holthuis, 1980) (Figure 2.4), as well as increasing in
significance in the aquarium trade. Relatively few freshwater
groups have such a wide diversity of ecological traits,
and occupy such a wide range of freshwater habitats and
environmental conditions as do the shrimps. As such they
also provide a potentially useful indicator for the status of
freshwater ecosystems (De Grave et al., 2015).

There are 1,280 species of freshwater crabs (Cumberlidge
etal., 2009), 763 species of freshwater shrimps (De Grave et
al., 2015) and 590 species of freshwater crayfish (Richman et
al., 2015) globally. At present, the global risk of extinction has
been assessed for all species of freshwater decapod using
the IUCN Red List Categories and Criteria (IUCN, 2017).

The five freshwater crab species native to the Lake Victoria
Basin were previously assessed for the IUCN Red List by
Darwall et al. (2011). Three of these species were reassessed
for this project and therefore, the Red List assessment results
presented here reflect reassessments, building on and
updating the previous assessments. Since the assessments
were completed, three species of freshwater crabs native to

Figure 2.3 Potamonautes niloticus, Least Concern (LC), a
freshwater crab native to the Lake Victoria Basin. © Neil
Cumberlidge

Figure 2.4 Women catching shrimps and small fishes in
Tanzania. © Samuel Stacey via Worldfish (CC BY-NC-ND 2.0)

the Lake Victoria Basin have been described (Cumberlidge
and Clark, 2017). These species are yet to be assessed for
the IUCN Red List and are, therefore, not considered in this
report. There are eight freshwater shrimp species native to
the Lake Victoria Basin and the assessments discussed here
were completed by De Grave et al. (2015). As mentioned
previously, no freshwater crayfish are native to the Lake
Victoria Basin.

2.2.2 Fishes

Fishes are arguably the most important products (in terms
of human use) of freshwater ecosystems at a global scale.
In 2014 the total capture of fishes from inland waters globally
was 11.9 million tonnes (although this is widely accepted
to be an underestimate), and this continues a positive
trend over the last decade that has resulted in a (potentially
unsustainable) 37% increase in captures (FAO, 2016).
Within Africa, fishes provide an important food source for
over 400 million people and contribute essential proteins,
fats, minerals and vitamins to their diets (WorldFish Center,
2005). Uganda and Tanzania, both of which border Lake
Victoria, rank sixth and ninth, respectively, in the list of top
producer countries globally of fishes for inland waters with
461,196 tonnes and 278,933 tonnes, respectively, of capture
production recorded in 2014 (FAO, 2016). As well as essential
nutrition, this capture provides income for and supports
the livelihoods of the poorest of communities (Figure 2.5),
through both consumption and non-food uses (Dugan et al.,
2010).

For the purposes of this assessment, freshwater fishes are
defined as those species that spend all or a critical part of
their life cycle in freshwaters. There are approximately 13,000
freshwater fish species in the world, or approximately 15,000
species if brackish water species are included (Lévéque
et al., 2008). At present, the global risk of extinction has been
assessed for 55% (8,273 species) of freshwater fish species
using the IUCN Red List Categories and Criteria (IUCN, 2017).



Figure 2.5 Fishing at Rusinga Island in the Kenyan waters of
Lake Victoria. © Ryan Harvey (CC BY-SA 2.0)

There are currently 234 taxonomically described freshwater
fish species native to the Lake Victoria Basin (e.g. Figure 2.6).
Darwall et al. (2011) previously assessed all species (that
were taxonomically described at the time of assessment)
native to the Lake Victoria Basin. Seventy-one of these
species were reassessed as part of this project. Therefore,
the majority of the Red List assessment results presented
here reflect reassessments, building on and updating the
previous assessments. Additionally, five freshwater fish
species (all haplochromine cichlids) were assessed for the
first time through this project because they were only formally
described after the previous assessment. The majority of the
haplochromine cichlids (159 species) were not reassessed
through this project as they were reassessed more recently
(primarily in 2010) than the other species considered. It
should also be noted that the many undescribed species of
haplochromine cichlids native to the basin (approximately
300) have not been assessed for the IUCN Red List and are
not considered in the analyses in this report.

2.2.3 Molluscs

Freshwater molluscs were found to be both the group most
at risk of extinction and most poorly known in the Pan-Africa
assessment by Darwall et al. (2011), with 29% of species

Figure 2.6 A male Nothobranchius robustus, Least Concern
(LC), caught near the village of Sanje in south-western Uganda.
© Brian Watters

assessed as threatened and 30% assessed as Data Deficient
(DD). Freshwater molluscs are mostly unobtrusive and are
not normally considered to be charismatic, rarely attracting
the attention of the popular media, unless in a negative light
as some species are vectors in the transmission of human
and livestock parasites and diseases. This is unfortunate
as freshwater molluscs play a vital role in the provision of
ecosystem services and are essential to the maintenance of
wetlands, primarily due to their contribution to water quality
and nutrient cycling through filter-feeding, algal-grazing and
as a food source to other animals (Howard and Cuffey, 2006;
Vaughn et al., 2004, 2008).

There are approximately 5,000 freshwater mollusc species
described worldwide, in addition to a possible 10,000
undescribed species (Balian et al., 2008). At present, the

Figure 2.7 Freshwater mollusc shells on the shores of Lake
Victoria in Entebbe, Uganda. © William Darwall

Figure 2.8 Biomphalaria choanomphala, a freshwater mollusc
native to Lake Victoria and assessed as Least Concern (LC).
© Guido & Philippe Poppe (www.conchology.be)



global risk of extinction has been assessed for 71% (3,565
species) of described freshwater mollusc species using the
IUCN Red List Categories and Criteria (IUCN, 2017).

There are 50 freshwater mollusc species native to the
Lake Victoria Basin (e.g. Figures 2.7 and 2.8) and all were
previously assessed for the IUCN Red List by Darwall et al.
(2011). Therefore, the Red List assessment results presented
here reflect reassessments, building on and updating the
previous assessments. A number of taxonomic changes,
particularly in the gastropods, have occurred since the
previous assessment.

2.2.4 Odonates

Larvae of almost all species of dragonflies and damselflies
(order Odonata) are dependent on freshwater habitats. The
habitat selection of adult dragonflies strongly depends on
the terrestrial vegetation type, and their larvae develop in
water where they play a critical role with regards to water
quality, nutrient cycling and aquatic habitat structure.
The larvae are voracious predators, often regarded as
important in the control of insect pest species. A wide array
of ecological niches is represented within the group and, as
they are susceptible to changes in water flow, turbidity or

loss of aquatic vegetation (Trueman and Rowe, 2009), they
have been widely used as an indicator of wetland quality.

There are approximately 5,680 extant described species
of odonate but, even though the group is well studied and
relatively easily surveyed, it is believed that the actual
number is closer to 7,000 species (Kalkman et al., 2007). At
present, the global risk of extinction has been assessed for
58% (3,269 species) of described odonates using the IUCN
Red List Categories and Criteria (IUCN, 2017).

There are 219 odonate species native to the Lake Victoria
Basin (e.g. Figure 2.9) and all were reassessed as part of
this project. These species were previously assessed for the
IUCN Red List by Darwall et al. (2011) and therefore, the
Red List assessment presented here build on and update
the previous assessments.

2.2.5 Aquatic plants

Aquatic plants are the building blocks of wetland
ecosystems, providing food, oxygen and habitats for many
other species. They are also a hugely important natural
resource providing direct benefits to human communities.
Numerous aquatic plants are highly valued for their nutritious,

Figure 2.9 Common Tigertail (Ictinogomphus ferox), which is native to the Lake Victoria Basin and assessed as Least Concern (LC).
© Hans-Joachim Clausnitzer



Figure 2.10 Papyrus Sedge (Cyperus papyrus), Least Concern (LC), in the Akagera National Park. © John & Melanie (lllingworth)
Kotsopoulos (CC BY-NC-ND 2.0)

medicinal, cultural, structural or biological properties. Some
species also provide important wetland ecosystem services
such as water filtration and nutrient recycling (Figure 2.10).

Following Cook (1996), aquatic plants are defined here as
“vascular plants whose photosynthetically active parts
are permanently or, at least, for several months of the year,
submerged in water or float on the surface of the water”, and
following this definition, it is estimated that aquatic plants
represent between 1-2% of all plant species, equivalent
to approximately 2,900-5,800 of the approximate 300,000
species of vascular plants (Vié et al., 2009).

The species list considered for assessment in this study
represents a subset of the species assessed by Darwall et al.
(2011), who assessed all known freshwater plant species
(865 species) in 21 families. These families were selected
from those identified by Cook (2004) based on criteria
related to the proportion of aquatic species, availability
of information, stability of taxonomy, representation of
ecological niches, and representation geographically.
Additionally, Darwall et al. (2011) assessed 353 species from
other plant families. These 718 species were used as a base
dataset for continental Africa from which species native to
the Lake Victoria Basin were extracted for this study. The
species distribution maps produced by Darwall et al. (2011)
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were compared to the Lake Victoria Basin (as defined in
Figure 2.1) and the species occurring (with native presence)
within the boundary were chosen for assessment. This
produced a list of 135 species of aquatic plants in 26 families
native to the Lake Victoria Basin for assessment.

It is recognised that a significant number of additional plant
species found in the Lake Victoria Basin could be classified as
freshwater but have not been included in this assessment.
Efforts to include these additional species will be made in the
future. As discussed above, this work is part of a global effort
and the original intention was to only assess families for which
a globally distributed component of freshwater species could
be identified. This approach was taken as it is currently not
feasible to assess all families of plants due to the high number
of species. This approach is comparable to that taken for
animals, where the IUCN global freshwater assessment is
focussing on assessing selected taxonomic groups
(decapodes, fishes, molluscs and odonates). Assessment of
all species within the selected families allows for comparative
analysis of the status of globally assessed plant families with
a significant component of freshwater species. However,
difficulties in identifying plant families with such a freshwater
component when working at the global scale has proved
challenging to achieve due to geographic variations in the
level of freshwater dependence within families.



2.3 Nomenclature

Taxonomic schemes are constantly changing as results
from ongoing studies, in particular with the introduction
of molecular techniques, are made available. Taxonomy is
also a somewhat controversial field, and in many cases it is
difficult to find a universally agreed taxonomic hierarchy. In
this case, the taxonomy followed is that adopted by the [IUCN
Red List which, where possible, employs existing published
world checklists. For this project, fish classification generally
follows FishBase (Froese and Pauly, 2016) and odonate
classification generally follows the World Odonata List
maintained at the University of Puget Sound (Schorr and
Paulson, 2016). For plants, where appropriate, we follow the
World Checklist of Selected Plant Families hosted by the
Royal Botanic Gardens, Kew (WCSP, 2016), but other more
specialist lists are also followed. There is currently no widely
accepted single taxonomy for molluscs and decapods, and
we therefore follow the standards recommended by the IUCN
Species Survival Commission (SSC) Mollusc Specialist
Group and the IUCN SSC Freshwater Crustacean Specialist
Group, respectively. For more information on the taxonomic
standards of the IUCN Red List, please visit http://www.
iucnredlist.org/technical-documents/information-sources-
and-quality#std_nomenclature.

2.4 Species mapping

Species distributions were mapped to river and lake sub-
basins as delineated by level 8 HydroBASINS (as illustrated
in Figure 2.11 for the Lake Victoria Basin), a global standardised
hydrological framework that delineates catchments at
12 resolutions and includes information on hydrological
connectivity (Lehner and Grill, 2013). Where spatial data
were of sufficiently high detail, species were mapped to
smaller sub-basins (level 12 HydroBASINS). River basins were
selected as the spatial unit for mapping and analysing species
distributions because it is generally accepted that this is
the most appropriate management unit for inland waters
(Collares-Pereira and Cowx, 2004).

The majority of species had published distribution maps
from previous IUCN Red List assessments, for example as
conducted by Darwall et al. (2011). These distribution maps
were used as a starting point and updated based on current
knowledge. The global (including beyond the Lake Victoria
Basin) native distribution of each species was mapped.

The standard IUCN Red List attributes were used to indicate
the presence and origin of species at different localities
within their distribution ranges (IUCN Red List Unit, 2017).
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Figure 2.11 HydroBASINS level 8 sub-basins as used to map species distributions.
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Where data were available, point localities (the latitude and
longitude for a species collection record) were used to
identify sites containing known occurrences of the species
(coded as Presence 1: Extant). Point localities were based on
museum records from all major collections and were available
for all crabs and odonates, and selected species of fishes and
molluscs. These point data were supplemented by expert
knowledge of presence in sub-basins where no specific
collection records were available. The preliminary species
distribution maps were digitised and then further edited at the
Red List review workshop (see 2.7 Data collection and quality
control) where errors were deleted from the maps and
dubious records were recoded as Presence Uncertain
(Presence 6). Inferred distributions (coded as Presence 3:
Possibly Extant), where a species is expected to occur but
has not yet been confirmed, were determined through a
combination of expert knowledge, coarse scale distribution
records and unpublished information. Distributions where the
species were Possibly Extinct (Presence 4), Extinct (Presence
5) and Introduced (Origin 3) were also captured where known.

Detailed in-lake distribution maps were also produced
for any fishes and molluscs native to Lake Victoria. These
in-lake maps were in polygon format and were based on
point localities (where available) and expert knowledge, in
combination with bathymetry data.

All mapping was done using ArcGIS software (Environmental
Systems Research Institute (ESRI), 2016).

HydroBASIN distribution maps, with point data overlays
for selected molluscs and odonates, and detailed in-lake
polygon overlays for fishes and molluscs, are published
online on the IUCN Red List website (www.iucnredlist.org).
The HydroBASIN and polygon distribution maps are freely
available to download for non-commercial use.

2.5 Assessment of species
extinction risk

The Red List Categories and Criteria are widely accepted as
the most objective and authoritative system available for
assessing the risk of a species becoming extinct (Mace et al.,
2008; Rodrigues et al., 2006). The IUCN Red List of
Threatened Species™ is the world’s most comprehensive
information source on the global conservation status of plant
and animal species, and is widely use to help inform
conservation priority setting.

The risk of extinction was assessed according to the lUCN
Red List Categories and Criteria: Version 3.1’ (IUCN, 2012) for
all species in the priority taxonomic groups native to the Lake
Victoria Basin.
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The nine Red List Categories at the global level are shown
in Figure 2.12. A species is assessed as Extinct (EX) when
there is no reasonable doubt that the last individual has
died. A species is assessed as Extinct in the Wild (EW)
when it is known only to survive in cultivation, captivity or
as a naturalised population well outside its native range.
A species assessed as Critically Endangered (CR) is
considered to be facing an extremely high risk of extinction
in the wild. A species assessed as Endangered (EN) is
considered to be facing a very high risk of extinction in the
wild. A species assessed as Vulnerable (VU) is considered
to be facing a high risk of extinction in the wild. All species
listed as Critically Endangered, Endangered or Vulnerable
are described as threatened. A species is assessed as
Near Threatened (NT) when it is close to qualifying for
a threatened category, or if it the focus of a specific and
targeted conservation programme, the cessation of which
would result in the species soon qualifying as threatened.
A species is assessed as Least Concern (LC) if it does not
qualify (and is not close to qualifying) as threatened or Near
Threatened. Least Concern species are generally common
and widespread. A species is assessed as Data Deficient
(DD) if there is insufficient information to make a direct or
indirect assessment of its risk of extinction. Data Deficient
is therefore not a category of threat and instead indicates
that further information on the species is required. Species
assessed as Data Deficient are priorities for additional
research and should be acknowledged as potentially
threatened.

To determine whether a species should be assigned to one
of the three threatened categories, there are five criteria with
quantitative thresholds (Figure 2.13), reflecting biological
indicators of populations threatened with extinction.

For a detailed explanation of the categories and of the
criteria that must be met for a species to qualify under each
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Figure 2.12 Global IUCN Red List Categories.


http://www.iucnredlist.org

A. Population size reduction. Population reduction (measured over the longer of 10 years or 3 generations] based on any of A1 to A4

IGAGGERGRNGETE]  Endangered  Vulnerable

Al _ = 90% =70% = 50%

A2 A3 & A4 = B0%. = 5070 =308

A1 Population reduction observed, estimated, inferred, or suspected in (a) direct observation fexcept A3]
the past where the causes of the reduction are clearly reversible AND (b) an index of abundance
understood AND have ceased. ‘ appropriate to the taxon

A2 Population reduction observed, estimated, inferred, or suspected in the | (c} adecline in area of occupancy
past where the causes of reduction may not have ceased OR may not be | Kitcail (A00), extent of occurrence
understood OR may not be reversible. by an;zfﬁl”e (EOD) and/or habitat quality

A3 Population reduction projected, inferred or suspected to be met in the following:  (d) acwual or potential levels of
future (up to a maximum of 100 yvears {(a) cannot be used for A3J. [ ’ exploitation

Ad An observed, estimated, inferred, projected or suspected population (e) effects of introduced taxa,
reduction where the time period must include both the past and the future hybridization, pathogens,
{up to a max. of 100 years in future), and where the causes of reduction may | pollutants, competitors or
not have ceased OR may not be understood OR may nat be reversible., y parasites.

B. Geographic range in the form of either B1 (extent of occurrence) AND/OR B2 (area of occupancy)

[GiticllyEndangered] ~ Endangered  Vulnerable

B1. Extent of occurrence (EOD) | < 100 km® < 5,000 km* < 20,000 km?
B2. Area of occupancy (ADO) < 10 km? < 500 km? < 2,000 km?

AMD at least 2 of the following 3 conditions:
(a) Severely fragmented OR Number of locations —] =5 =10

{b) Continuing decline abserved, estimated, inferred or prajected in any of: (i) extent of occurrence; (i) area of occupancy; (iii) area,
extent and/or quality of habitat; (ivl number of locations or subpopulations; (v) number of mature individuals

(¢} Extreme fluctuations in any of: (i) extent of occurrence; (ii) area of occupancy; (1il) number of locations or subpopulations; (iv) number
of mature individuals

C. Small population size and decline

[GAUCIIVERGanGeredl  Endangered  Vulnerable

Mumber of mature individuals _ <250 < 2,500 < 10,000
AND at least one of C1 or C2

25%in3yearsor  20%in 5 yearsor 10% in 10 years or
1 generation 2 generations 3 generations
(whichever is longer)  {whichever is longer) (whichever is longer)

C1. An observed, estimated or projectad continuing decline
of at least (up to a max. of 100 vears in future):

C2. An observed, estimated, projected or inferred continuing
decline AND at least 1 of the fallowing 3 conditions:
{a) (i) Number of mature individuals in each subpopulation | =50 | s 250 = 1,000
(ii) %6 of mature individuals in one subpopulation = ' S0-100% 95-100% 100%%
(b) Extremne fluctuations in the number of mature individuals

D. Very small or restricted population

[CHGCAVERGANGered]  Endangered  Vulnerable
< 50

D. Number of mature individuals < 250 D1, <1000

D2. Only applies to the VU category e
Restricted area of occupancy or number of locations with ) . oz Aﬂg E';;ILFE or
a plausible future threat that could drive the taxon to CR

ar EX in a very short time. number of locations = 5

E. Quantitative Analysis

[GitillyEndangered]  Endangered Vulnerable

250%in 10yearsor3  =20%in20yearsors

i agenerations, whichever generations. whichever
Indicating the prabability of extinction in the wild to be: is longer (100 years e e = 10% in 100 years
max.)

max.)
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Figure 2.13 Summary of the five criteria (A-E) used to evaluate if a species belongs in an IUCN Red List threatened category:
Critically Endangered, Endangered or Vulnerable.



category, please refer to ‘The IUCN Red List Categories
and Criteria: Version 3.1’: http://cmsdocs.s3.amazonaws.
com/keydocuments/Categories_and_Criteria_en_
web%2Bcover%2Bbckcover.pdf.

Red List assessments are published online on the IUCN Red
List website (www.iucnredlist.org).

2.6 Assessment of species climate
change vulnerability

2.6.1 Conducting climate change vulnerability
assessments

Climate change vulnerability assessments followed the
protocol originally developed by Foden et al. (2013) and
later applied to the same groups as in this study by Carr and
Tognelli (2016). This approach uses a biological trait-based
approach, which combines elements of species’ sensitivity
(the inability to tolerate change), low adaptive capacity (the
inability to adapt to change through dispersal to new areas
or through genetic micro-evolution), and exposure (the
changes to which a given species is expected to be exposed
throughout its current range). Each of these components (or
‘framework dimensions’) is described in the following two
sections, and is shown schematically in Figure 2.14.

2.6.2 Assessing species’ sensitivity and adaptive
capacity

Traits that are believed to render a species sensitive to
climate change can be divided into five categories, as shown
in Box 1. Similarly, the traits that render a species poorly able
to adapt to change can be divided into two categories, as
shown in Box 2.

Under each of these trait categories a number of traits were
identified that are applicable to the freshwater species
group under consideration here. This was completed
through a consultation with species experts from the [IUCN

Exposed VULNERABLE

adaptive
capacity

Figure 2.14 Climate change vulnerability framework.

23

SSC. As these traits differ between the four species groups
considered, in this report they are only presented once, in
the results sections of the respective taxonomic groups (see
Chapters 4-7).

Species recorded by experts as possessing at least one of
the vulnerability traits under a given framework dimension
(i.e. sensitivity or low adaptive capacity) were assessed as
being sensitive or poorly able to adapt to climate change,
depending on the specific trait.

2.6.3 Exposure modelling

Exposure modelling, which aims to quantify change in
biologically-relevant climatic factors across each species’
geographical range, used a combination of species range
polygons and projections of future temperature and rainfall
across Africa. For this project, and for this element of the
study, we followed closely the process of Foden et al. (2013)
and Carr and Tognelli (2016). For brevity in this report, we
only highlight key stages of the process and major deviations
from this protocol.

Exposure modelling was conducted using the software R (R
Core Team, 2016). The input data for this process were as follows:

Species distribution maps produced as part of the Red List
assessment process were collated for all species of interest in
this assessment (where available), and all Presence and
Origin codes (see 2.4 Species mapping) were retained for
analysis. Polygons were rasterised to a resolution of 10
arcminutes, in order to align them with the grid system in
which the climate data were held.

Baseline climate layers used in these assessments were
WorldClim v1.4 (Hijmans et al., 2005), and layers with future
climate projections were AFRICLIM 3.0 (Platts et al., 2015)
(using WorldClim baseline dataset), all at 10 arcminute
resolution. Data depicted projected future monthly mean
temperature and total precipitation using two Representative
Concentration Pathways (RCP4.5 and RCP8.5) for two 30-
year time periods (2041 to 2070, hereafter ‘2055, and 2071 to
2100, hereafter ‘2085’).

For all cells in a species’ range, overall baseline means (OBM)
for temperature and precipitation were calculated. The
differences between species’ current OBMs and those of the
two future time periods were used as measures of projected
change in the means of temperature across each species’
current range for the respective future period. For projected
changes in mean precipitation, the absolute ratio between the
baseline and future OBM values was used. In addition, the
average absolute deviation (AAD), a summary statistic for
dispersion, was calculated for all species and for both climate
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Box 1 The five sensitivity trait groups used in the climate change vulnerability assessment framework.

a)

b)

c)

d)

e)

Sensitivity trait groups

Specialised habitat/microhabitat requirements:

Across many studies of both animals and plants, threatened and declining species include a disproportionate number of specialists
compared to generalists and species with extensive geographic ranges. Under a changing climate, most species are likely to face changes
in their habitats and microhabitats and those less tightly coupled to specific conditions and requirements are likely to be more resilient.
Sensitivity is increased where a species has several life stages, each with different habitat or microhabitat requirements (e.g. water-
dependent larval dragonflies), or when the habitat or microhabitat to which the species is specialised is particularly vulnerable to climate
change impacts (e.g. inland wetlands, cloud forests or polar habitats). However, in some cases (e.g. deep sea fishes), extreme specialisation
may allow species to escape the full impacts of competition from native or invading species, so the interaction of such traits with climate
change must be considered carefully for each species group assessed. This trait group is not independent of species’ low adaptive capacity
as habitat and/or microhabitat specialisation also decreases the chances of successful colonisation if species are able to disperse to new
climatically suitable areas (e.g. plants confined to limestone outcrops; cave-roosting bats).

Narrow environmental tolerances or thresholds that are likely to be exceeded due to climate change at any stage in the life cycle:
The physiology and ecology of many species is tightly coupled to very specific ranges of climatic variables such as temperature,
precipitation, pH and oxygen levels, and those with narrow tolerance ranges are particularly vulnerable to climate change. Even species with
broad environmental tolerances and unspecialised habitat requirements may already be close to thresholds beyond which ecological or
physiological function quickly breaks down (e.g. photosynthesis in plants; protein and enzyme function in animals).

Dependence on a specific environmental trigger that is likely to be disrupted by climate change:

Many species rely on environmental triggers or cues for migration, breeding, egg laying, seed germination, hibernation, emergence, and a
range of other processes. While some cues (e.g. day length and lunar cycles) will be unaffected by climate change, others such as rainfall and
temperature (including their interacting and cumulative effects) may be severely impacted. Species tend to become vulnerable to changes in
the magnitude and timing of these cues when this leads to an uncoupling with resources or essential ecological processes, e.g. early spring
warming causes the emergence of a species before its food sources are available. Vulnerability is compounded when different stages of a
species’ life history or different sexes rely on different cues.

Dependence on interspecific interactions which are likely to be disrupted by climate change:

Many species’ interactions with prey, hosts, symbionts, pathogens and competitors will be affected by climate change, either due to the
decline or loss of these resource species from the dependent species’ ranges or loss of synchronisation in phenology. Species dependent
on interactions that are vulnerable to disruption by climate change are at risk of extinction, particularly where they have high degree of
specialisation for the particular resource species and are unlikely to be able to switch to or substitute other species.

Rarity:

The inherent vulnerability of small populations to allee effects and catastrophic events, as well as their generally reduced capacity to
recover quickly following local extinction events, suggest that many rare species will face greater impacts from climate change than more
common and/or widespread species. We consider rare species to be those with small population sizes and those that may be abundant
but are geographically highly restricted. In cases where only a small proportion of individuals reproduce (e.g. species with polygynous or
polyandrous breeding systems or skewed sex ratios), we use an estimate of effective population size to assess species’ rarity, and where
species are known to be declining or subject to extreme (greater than 10-fold) fluctuations in population size, we set less conservative
population size thresholds. Similarly, thresholds of larger population sizes were used for species with congregatory breeding systems, since
they are more likely to experience catastrophic population declines.

Box 2 The two low adaptability trait groups used in the climate change vulnerability assessment framework.

a)

b)

Low Adaptability trait groups

Poor dispersability:

Species with low rates or short distances of dispersal (e.g. land snails, ant and rain drop splash dispersed plants) are unlikely to migrate fast
enough to keep up with shifting climatic envelopes and will face increasing extinction risk as their habitats become exposed to progressively
greater climatic changes. Even where species could disperse to newly suitable areas, extrinsic barriers may decrease chances of dispersal
success. Dispersal barriers may be geographic features such as unsuitable elevations (e.g. species confined to mountain ranges), lakes
(e.g. for species restricted to lake habitats), rivers and for marine species, ocean currents and temperature gradients. Unsuitable habitats
and/or anthropogenic transformation may also act as dispersal barriers for habitat specialised species. In this context we describe species
as having dispersal barriers both when suitable areas exist but extrinsic factors make them unlikely to reach them, as well as when no
newly suitable areas are likely to exist (e.g. polar species).

Poor evolvability:

Species’ potential for rapid genetic change will determine whether they will be able to undergo evolutionary adaptation at a rate sufficient
to keep up with climate driven changes to their environments. Species with low genetic diversity, often indicated by recent bottlenecks in
population numbers, potentially face inbreeding depression and generally exhibit lower ranges of both phenotypic and genotypic variation.
As a result, such species tend to have fewer novel characteristics that could facilitate adaptation to the new climatic conditions. Where
they exist, direct measures of genetic variability can be supplemented with information on naturalisation outside species’ native ranges
and on the success of any past translocation efforts. Indirect measures of evolvability relate to the speed and output of reproduction and
hence the rate at which advantageous novel genotypes could accumulate in populations and species. Evidence suggests that evolutionary
adaptation is possible in relatively short time frames (e.g. 5-30 years) but for most species with long life cycles (e.g. large animals and
many perennial plants), such adaptation is unlikely to keep up with the rate of climate driven changes to their environments.
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variables. The differences between the baseline and two
future AADs, and the absolute ratios of the baseline and
projected AADs, were used as measures of projected change
in the variability of temperature and precipitation, respectively,
across each species’ current range.

As thresholds for exposure to climatic changes have seldom
been established, scores were derived by ranking species
and selecting the worst affected species as those with
highest exposure. In this case we considered, for each
taxonomic group, the 25% worst affected (i.e. those with the
most severe changes) species as highly exposed, and the
remainder as not highly exposed. Species without available
range maps were classified as unknown. This ranking and
classification process was conducted using only the 2055
period for both RCPs, and the 25% threshold values (splitting
highly exposed vs. not highly exposed) established for each
were retained for consideration using the 2085 time period.
By doing so, we gain insights into which species are likely to
become increasingly exposed at a future time.

Although species exposure was assessed using all com-
binations of RCPs and time periods, the maps presented and
described in this report are only those using RCP8.5 and the
2055 period. RCP8.5 was chosen for use as it reflects the more
severe scenario for biodiversity, thereby hopefully minimising
oversight of climate change vulnerable species as a result of
the arbitrary thresholds described above. The 2055 time period
was deemed by the project team to be of greater relevance to
key stakeholders and intended beneficiaries of this work than
the 2085 period.

2.6.4 Deriving a final assessment of climate
change vulnerability

Sensitivity, low adaptability and exposure scores for each
species were then assembled and overall vulnerability
scores calculated according to two simple logic steps:
species were assigned a score of ‘high’ for each vulnerability

Figure 2.15 A dried-up river bed in Kenya. © Shever (CC BY 2.0)

dimension if they have any contributing trait (e.g. considered
sensitive due to being a habitat specialist) based on expert
opinion. However, they were considered highly vulnerable
overall only if they scored as ‘high’ under all three dimensions
of exposure, sensitivity and adaptive capacity. To account for
missing trait data, each of the previous steps was run twice;
missing trait information was firstly assumed to represent
a low vulnerability score and secondly to represent high
scores. This provided best-case (or optimistic) and worst-
case (pessimistic) scenarios, respectively.

2.6.5 Preparing climate change assessment
data for spatial planning purposes

The measures of exposure described above allow for
identification of the most climate change vulnerable species,
and subsequently allows identification of locations (grid
cells) containing high numbers and/or proportions of
such species (as presented in the maps in Chapters 4-7).
However, it gives no indication of specifically where a given
species might be at highest risk within its current range, and
thus where specific conservation or management activities
might be most urgent or effective.

To account for this, the following process was undertaken:

Using baseline climate layers, the minimum and maximum
values of both temperature and monthly precipitation within
each species’ range were identified. Using these values,
and applying a 10% buffer to precipitation measures,
comparisons were made with each of the future climate
layers (all RCPs and time periods) and any cell within each
species’ range that exceeded the minimum or maximum
values assigned to the species was deemed ‘unsuitable’
for that combination of exposure parameters. Using this
process, we were able to identify the percentage of each
species’ range that is projected to remain within the range
of climate values currently experienced by the species
across its range (i.e. will remain ‘climatically suitable’). These
percentages are presented in the individual taxon chapters
see Chapters 4-7), while the individual cell assessments
were used as part of the systematic conservation planning
exercise (see Chapter 13).

It is important to note that the treatment of data in this way
can only provide some indication of the potential future (un)
suitability of a given grid cell. This is because no explicit
consideration of species’ abilities to tolerate a given change
in conditions has been made, but has rather been inferred
based on their current ranges. By doing so, we make the
assumption that the ranges of all species are determined
by climatic conditions, which is most likely incorrect in the
vast majority of cases (species’ distributions are typically
determined by a range of biotic, abiotic and anthropogenic



factors working in combination). Nevertheless, we feel that
by identifying locations that are projected to exceed the
climatic conditions currently experienced by a species,
important insights can be gained, and especially for spatial
planning purposes.

2.6.6 Caveats associated with the vulnerability
assessment protocol

When interpreting the results of our climate change
vulnerability assessments, a number of caveats should be
borne in mind:

1. Several of the components used to infer vulnerability as
part of our protocol (e.g. measures of ‘high’ exposure
and tolerance to changes in temperature and rainfall) use
arbitrary thresholds of 25%. This is because no established
thresholds, based on biological observations, currently
exist. The implications of this are that these components
do not truly indicate the severity of vulnerability, but rather
highlight those species that are most likely to be affected
by a given component. As such, our findings should be
used as an indicative, rather than absolute, measures only.

2. Although the traits used in this work have been developed
through consultation with experts knowledgeable in their
respective taxa, many still require validation based on
empirical field observations. As such, in most cases they
should only be used to highlight the possible mechanisms
through which species could be affected, and to help
identify priorities for monitoring.

3.Related to the above point, our assessment protocol
weights all traits equally, both within and between taxa.
While this is biologically unrealistic, it is not currently
possible to say which mechanisms of vulnerability are likely
to be the most important as climate change unfolds. As
such, no inferences should be made about the importance
of a given trait, nor should findings strictly be compared
between taxa.

Figure 2.16 Participants at the Red List review workshop held in
Entebbe, Ugandain June 2016. © William Darwall

2.7 Data collection and quality control

The assessments of species extinction risk and climate
change vulnerability required sourcing and collating the
best information on all known, described species within the
priority taxonomic groups. As the primary source for this
information, the best regional and international experts for
these taxa were first identified through consultation with the
relevant IUCN SSC Specialist Groups.

These experts first collated the relevant information within the
IUCN Species Information Service (SIS) database (https://
sis.iucnsis.org) and applied the IUCN Red List Categories and
Criteria (IUCN, 2012) to assess the risk of extinction of each
species. Species range distributions were also mapped.

All information related to the Red List assessments was
then peer reviewed at a Red List review workshop held in
Entebbe, Uganda in June 2016 (Figure 2.16). During this
workshop each Red List assessment and distribution
map was evaluated by at least one independent expert to
ensure that the information presented was both complete
and correct, and that the Red List Category and Criteria
assigned to each species were supported by the information
provided. Data for odonates were compiled and reviewed
remotely by members of the IUCN SSC Dragonfly Specialist
Group. Data for freshwater crabs were compiled remotely
by a member of the IUCN SSC Freshwater Crustacean
Specialist Group and reviewed by a member of the IUCN
Freshwater Biodiversity Unit.

Additionally at the Red List review workshop (and remotely
for the odonates), experts were asked to consider each
of the climate change sensitivity and adaptability traits,
on a species-by-species basis, for all species of fishes,
molluscs, odonates and freshwater plants that were
assessed for the IUCN Red List as part of this project. All
taxonomically described haplochromine cichlids native to the
Lake Victoria Basin were also assessed in terms of climate
change vulnerability. However, owing to a lack of resources,
freshwater crabs were not assessed in terms of climate
change vulnerability.
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3.1 Introduction

The freshwater decapod fauna (freshwater crabs and
shrimps) of the Lake Victoria Basin comprise 16 species
in three families. Recent exploration and new taxonomic
studies have shown that the Lake Victoria Basin has eight
species of freshwater crabs (Potamonautidae) and eight
species of freshwater shrimps (two species of Atyidae and
six species of Palaemonidae). Five species of freshwater
crabs (Potamonautes emini, P. gerdalensis, P. entebbe,
P. busungwe and P. kantsyore) are endemic to the Lake
Victoria Basin, while three species (P. niloticus, P. loveni and
Deckenia mitis) have a distribution that extends outside of the
basin. All of the freshwater shrimps found in the Lake Victoria
Basin exhibit a widespread distribution that extends outside
of the basin. Some of these species are found throughout the
entire Nile River Basin, while other species are found in other
countries in Africa, and some in other countries around the
Indian Ocean (Cumberlidge, 2009; Cumberlidge et al., 2017;
De Grave et al., 2015; Reed and Cumberlidge, 2006; Richman
etal., 2015).

All of the freshwater crabs in the Lake Victoria Basin and
neighbouring Eastern African countries (Uganda, Kenya,
Tanzania, Rwanda and Burundi) belong to the exclusively
Afrotropical freshwater crab family Potamonautidae. Seven of
the eight species found in the basin belong to Potamonautes
MacLeay, 1837, a genus that has a wide distribution elsewhere

in continental Africa but is absent in North Africa north of the
Sahara (excepting the Nile catchment) and Madagascar
(Bott, 1955; Cumberlidge, 1999). The eighth species, D. mitis,
is found in Tanzania and Kenya (mostly in the Southern
Eastern Rift 566 and Pangani 568 Freshwater Ecoregions),
but its range also extends west into the Lake Victoria Basin
where it is known from the Ruwana River where it flows into
Lake Victoria at Speke Gulf.

The Lake Victoria Basin is a sub-region of the Lake Victoria
Basin Ecoregion that includes the Kagera and Nzoia River
drainages and the basins of Lakes Victoria, Edward, George,
Kyoga and Kivu, and lies in Burundi, Democratic Republic of
Congo, Kenya, Rwanda, Tanzania and Uganda. The Lake
Victoria Basin Ecoregion has a rich freshwater crab fauna
(10 species), most of which have a distributional range
outside of the Lake Victoria Basin itself (Cumberlidge, 2009;
Cumberlidge and Clark, 2010a, 2010b, 2016, 2017), while the
Eastern African region in which Lake Victoria lies is very
diverse, with 52 species of freshwater crabs in four genera
(Cumberlidge, 2011). However, the freshwater crab fauna of
the Lake Victoria Basin itself is relatively impoverished in
comparison with similar-sized and better-studied areas of
continental Africa. It is likely that the number of species native
to the basin will rise as exploration continues. This is illustrated
by the recent discovery of three new species of freshwater
crabs from the lake basin in southern Uganda: P. entebbe
from the Lake Victoria shore at Entebbe, P. busungwe from
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an island in Lake Victoria, and P. kantsyore from an island in
the Kagera River that flows into Lake Victoria (Cumberlidge
and Clark, 2017). These species are not considered in this
report because they were not taxonomically described at the
time of assessment and have yet to be assessed for the IUCN
Red List. The five species of freshwater crab considered in
this report are P. emini, P. gerdalensis, P. loveni, P. entebbe
and D. mitis.

The eight species of freshwater shrimps found in the Lake
Victoria Basin include two species of the family Atyidae
(genus Caridina), and six species of the family Palaemonidae
(genus Macrobrachium). The numerous species of atyids
in African freshwaters (genus Caridina) feed by filtering out
suspended matter from the water, by sweeping up microbial
films, and by scavenging (Fryer, 1977). In contrast, the species
of African palaemonids in the basin (genus Macrobrachium,
Figure 3.1) are mainly carnivores that eat small invertebrates.
Shrimps in general are important components of food webs
in tropical streams and rivers because they feed on algae
and detritus, control invertebrate populations, and are an
important food source for carnivorous fishes (Browder et al.,
1994; De Resende et al., 1996; Fredrick and Spalding, 1994).
Caridina nilotica is abundant in Lake Victoria and is a major
prey item of the Nile Perch (see Species in the Spotlight -
Caridina nilotica and the Nile Perch fishery, this chapter).
Species of Macrobrachium can grow to large sizes so
this genus includes species that are the focus of artisanal
fisheries.

3.2 Red List assessments

The extinction risk of the Lake Victoria Basin’s freshwater
crab species was assessed following the IUCN Red List
methodology in 2008, and some species were assessed
again in 2016, while the freshwater shrimps of this part of
Africa were assessed for the first time in 2013 by De Grave
et al. (2015). It should be noted that the three freshwater crab

Figure 3.1 Species of Macrobrachium shrimp caught in Tanzania.
© Martin Grimm (CC BY-NC 4.0)

species described by Cumberlidge and Clark (2017) have
not yet been assessed for the IUCN Red List and are not
considered in the following analyses.

Red List assessments of the 13 species of freshwater
decapods native to the basin considered reveal a low rate of
endemism (15.4%), with two out of five species of freshwater
crabs considered endemic to the basin, but none of the
species of freshwater shrimps (Table 3.1) (Cumberlidge et al.,
2009; De Grave et al., 2015). Inclusion of the three newly
described species would increase this value to 31.3%
because all three species are endemic (Cumberlidge and
Clark, 2017).

Although there is a need to collect more comprehensive
information, the data available were sufficient to make valid
assessments of the extinction risk of the majority of the
freshwater shrimp fauna. Seven of the eight species of shrimps
native to the basin are assessed as Least Concern (LC), and
three of the five species of crabs considered in the Lake
Victoria Basin are also assessed as LC (Figure 3.2, Table 3.1).
Only one species, M. lujae, is assessed as Data Deficient (DD)
(Figure 3.2, Table 3.1) based on insufficient information on the
true distribution and population size of the species.

The Lake Victoria Basin’s freshwater shrimp fauna is found in
rivers, streams and lakes, and includes species that have a
distribution extending beyond the Lake Victoria Basin in
continental Africa (De Grave et al., 2015). Some species also
have a range that extends to some of the nearby Indian
Ocean islands. For example, three species of LC shrimps,
two atyids and one palaemonid, have a wide distribution
exclusively in continental Africa: i) C. nilotica, which is
confirmed to occur in the Nile catchment in Egypt, Sudan,

DD VU
17.7%

17.7%
NT

7.7%

LC
76.9%

Figure 3.2 Proportion (%) of freshwater decapod species
native to the Lake Victoria Basin in each Red List Category.
Note this figure includes species that were not re-assessed
through this project. For a list of species and their Red List
Categories and Criteria please see Appendix 1. Three species
of freshwater crab that were described in 2017 are not included
inthis analysis.



Table 3.1 Number of freshwater decapod species native to the Lake Victoria Basin in each Red List Category. Note this table includes species that
were not re-assessed through this project. For a list of species and their Red List Categories and Criteria please see Appendix 1. Three species of
freshwater crab that were described in 2017 are not included in this analysis.

Number of species

Number of species endemic to the
Lake Victoria Basin

IUCN Red List Category
Extinct (EX)

Extinct in the Wild (EW)
Critically Endangered (CR)

Critically Endangered (Possibly Extinct) (CR(PE))

All
decapods

All
decapods

Vulnerable (VU) 1 0 1 1 0

Near Threatened (NT) 1 0 1 0 0 0
Data Deficient (DD) 0 1 1 0 0 0
Total 5 8 13 2 0 2

Uganda, Kenya and as far south as Tanzania (Monod, 1980);
ii) C. togoensis which is present along the west coast of
Africa, across the entire Nile Basin, and in freshwater habitats
from Chad to Botswana (De Grave, 2013a); and iii) M. niloticum,
which occurs in the Nile River in Egypt, the White Nile, Lake
Turkana and Lake Chad (Monod, 1980). Two other LC
palaemonid shrimp species are found in continental Africa,
as well as elsewhere in the Afrotropical region: i) M. idella is
found only in Tanzania and Madagascar (De Grave, 2013b);
while ii) M. lepidactylus is found in East Africa, as well as in
Madagascar and Réunion (De Grave, 2013c). Finally, the
ranges of two LC species include localities in the Afrotropical
region as well localities in Asia: i) M. rude occurs in East
Africa, Madagascar, Bangladesh, India and Sri Lanka (De
Grave et al., 2013b); and ii) M. scabriculum has the widest
distribution of all and is found in East Africa, as well as further
afield in Madagascar, Sri Lanka, Bangladesh, India and
Indonesia (De Grave et al., 2013a). These LC species all have
broad distributions and all lack major threats.

The three species of LC freshwater crabs live in rivers,
streams and marshy lowlands (Cumberlidge et al., 2009;
Reed and Cumberlidge, 2006). These are: i) P. niloticus
(Figure 3.3), which is found throughout the entire length of
the Nile River catchment and its tributaries, from the delta

Figure 3.3 Potamonautes niloticus, Least Concern (LC),
a freshwater crab native to the Lake Victoria Basin. © Neil
Cumberlidge
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in Egypt to Lake Victoria and its tributaries in equatorial
Africa (Cumberlidge, 2016a); ii) P. loveni, which is found in
eastern Uganda in the region of Mount Elgon, and in western
Kenya as far as Lake Naivasha (Cumberlidge, 2008a); and
iii) P. emini, which is endemic to the Lake Victoria Basin
where it occurs in Tanzania and Rwanda (Cumberlidge,
2016b; Reed and Cumberlidge, 2006). The low extinction
risk of these species is due to the general lack of threats in
the majority of their ranges, as large areas of their freshwater
habitats are only lightly affected by industrial development,
aquatic habitat degradation and the pollution events found
near urban areas.

The current impression is that the Lake Victoria Basin’s
freshwater decapod fauna is relatively unthreatened with
only one threatened species out of the 13 assessed (Figure
3.2, Table 3.1), the crab P. gerdalensis. However, one species,
the crab D. mitis, is assessed as Near Threatened (NT) (Figure
3.2, Table 3.1) and this species is also cause for concern.
Additionally, even the LC Red List assessments are relatively
data poor and we still need a great deal of survey work to
learn more about the biology, threats and distributional
ranges of these crustaceans.

3.3 Patterns of species richness
3.3.1 Overall species richness

The overall pattern of species richness of freshwater deca-
pods native to the Lake Victoria Basin is shown in Figure 3.4.
Across most of the basin six species of the freshwater
decapods considered are found in each sub-basin. The
greatest species richness of freshwater decapods is found on
the southern side of Mount Elgon in Kenya (eight species),
with other areas of high species richness (all with seven
species per sub-basin) in Lake Victoria itself, and in Tanzania
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Figure 3.4 Richness of freshwater decapod species in the Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant)
and Presence 3 (Possibly Extant). Three species of freshwater crab that were described in 2017 are not included in this analysis.

Richness data are classified using quantiles.

Figure 3.5 Lake Ihema in Akagera National Park, an area of high freshwater decapod species richness. © John Cooke (CC BY 2.0)
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along the border with Kenya, around the Akagera National
Park (Figure 3.5), and at the southernmost border of the
basin. The lowest richness of freshwater decapods is found in
Burundi and southern Rwanda (two species) but this could be
an artefact of under-sampling.

habitat and from water pollution, both of which result from
agricultural expansion (Figure 3.7), driven by the increasing
human population. The restricted distribution of this species,
together with these threats, has resulted in the species being
assessed as Vulnerable (VU) (Cumberlidge, 2016c).

3.3.2 Threatened species richness

The overall pattern of species richness of threatened freshwater
decapods native to the Lake Victoria Basin is shown in Figure
3.6, which shows the distribution of the single threatened
species native to this region, the freshwater crab P. gerdalensis.
Potamonautes gerdalensis is known only from northern
Tanzania from localities along the border with Kenya, including
the type locality in Girdalo. It should be noted that this species
was named by Bott (1955) for its type locality, which was listed
as ‘Gerdalo’. However, this locality cannot be found on any
maps, and the type locality is presumed to be Girdalo,
Tanzania. The vegetation in this part of the region is dominated
by Acacia and Commiphora bushlands and thickets. This
species faces threats from the loss and degradation of its

Figure 3.7 Cattle from livestock farming, a threat to the
Vulnerable (VU) Potamonautes gerdalensis, on the shores of
Lake Victoria in Tanzania. © Mark Veraart (CC BY-ND 2.0)
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Figure 3.6 Richness of threatened freshwater decapod species in the Lake Victoria Basin, based on spatial data coded as Presence
1 (Extant) and Presence 3 (Possibly Extant). Three species of freshwater crab that were described in 2017 are not included in this
analysis. This image shows the distribution of the freshwater crab Potamonautes gerdalensis (VU), the only decapod species
native to the Lake Victoria Basin to be assessed as threatened. Richness data are classified using quantiles.
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Figure 3.8 Deckenia mitis, Near Threatened (NT), a freshwater crab species native to the Lake Victoria Basin. © Neil Cumberlidge
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Figure 3.9 Richness of freshwater decapod species endemic to the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 3 (Possibly Extant). Three species of freshwater crab that were described in 2017 are not included in this
analysis. Richness data are classified using quantiles.
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The NT freshwater crab, D. mitis (Figure 3.8), is an air-
breathing amphibious crab found throughout Tanzania and
southern Kenya where it occurs along the coastal plains,
lower edges of the montane forest, and in the savanna
country inland as far as Lake Victoria. Deckenia mitis digs
burrows that reach down to the water table and are typically
dug into soft sediments near the edge of slow-moving
streams, wetlands or near standing water bodies such
as ponds and wells (Williams et al., 1964). The burrows of
D. mitis have been reported to cause extensive damage to
drainage ditches in some parts of its range. The distribution
of this species is limited by its restriction to areas with high
groundwater levels. Deckenia mitis has been collected
in warm standing surface waters, and has never been
collected from the nearby cooler streams that flow down
mountain slopes. There is reason to believe that the quantity
and quality of freshwater habitats available to this species
have decreased over the past several decades and that
increasing habitat disturbance from loss of wetlands
associated with growing human populations in the region
could be a major factor in driving subpopulation declines
(Cumberlidge, 2008b). The most recent field studies of
this species (Marijnissen et al., 2005) indicate that if the
disturbance of wetlands in Tanzania and southern Kenya
continues the current Red List assessment might need to
be revised from NT to VU.

3.3.3 Endemic species richness

The overall pattern of richness of freshwater decapods
endemic to the basin is shown in Figure 3.9. Only two
freshwater decapods out of those considered are
endemic to the basin: the freshwater crabs P. emini and P.
gerdalensis. These two species have disjunct distributions
directly to the east and west of the lake.

Potamonautes emini is found in a relatively small area of
north-west Tanzania (Gulf of Bukoba) and Rwanda. The
vegetation cover in this part of Africa is dominated by a
mosaic of forest and savanna. Reports of this species
from other localities in Uganda and the Democratic
Republic of the Congo (Reed and Cumberlidge, 2006)
are not recognised here based on reexamination of these
specimens using improved taxonomic works on the
freshwater crabs from this part of Africa (Cumberlidge
and Meyer, 2011; Meyer and Cumberlidge, 2011).
Potamonautes emini is assessed as LC because, although
it has a restricted distribution and is known from only three
localities, there are no known threats, although habitat loss
is a possible future threat. This species is found in slow-
flowing streams that are almost stagnant with iron oxide
flocculates on the streambed, as well as in fast flowing
streams where it lives underneath rocks and cobbles
(Cumberlidge, 2016b).
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For a discussion of P. gerdalensis see 3.3.2 Threatened
species richness.

3.3.4 Data Deficient (DD) species richness

The overall pattern of richness of freshwater decapods
native to the basin and assessed as DD is shown in Figure
3.10, which shows the distribution of the freshwater shrimp
M. lujae, the only DD decapod species native to the Lake
Victoria Basin. The Lake Victoria Basin lies on the eastern
edge of the likely range of M. lujae, which has been collected
from several river systems in the Democratic Republic of
Congo. However, it has not been collected since 1926 and
so was assessed as DD in view of its uncertain range and the
lack of recent material (De Grave, 2013d).

3.4 Major threats

The human population in the Lake Victoria Basin is growing
rapidly, and the effects of increasing human population growth
on the loss of freshwater habitats through deforestation and
agricultural encroachment are recognised as the major
threats to freshwater biodiversity in the East African region
(Darwall et al., 2005).

3.4.1 Agriculture

Agricultural expansion, for both arable and livestock farming,
is the primary threat to freshwater decapods within the Lake
Victoria Basin. Agriculture and aquaculture are coded as
threats, either ongoing or potential, to all freshwater crab
species native to the basin (IUCN, 2017). It is particularly
important to consider these threats in relation to the only
threatened freshwater decapod, the crab P. gerdalensis.
Conservation of this species depends on preserving large
enough patches of natural freshwater habitat in order to
maintain good water quality because this species is sensitive
to polluted or silted waters and may not survive exposure. Itis
therefore of great concern that water quality is deteriorating
even in key natural habitats in the Lake Victoria Basin. Natural
habitat destruction is an ongoing threat to all species,
especially for species found outside protected areas.

3.4.2 Invasive species

It is relevant here to discuss the possible future impacts of
invasive species of crayfish on freshwater crab and shrimp
habitats and populations in the wider Lake Victoria Basin
Ecoregion, which includes the Lake Victoria Basin as defined
for this report. All parts of continental Africa lack native
species of crayfish, but the conditions are nevertheless
favourable for the invasive Louisiana Red Crayfish
(Procambarus clarkii) (Figure 3.11) that is native to the
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Figure 3.10 Richness of Data Deficient freshwater decapod species in the Lake Victoria Basin, based on spatial data coded as
Presence 1 (Extant) and Presence 3 (Possibly Extant). Three species of freshwater crab that were described in 2017 are not
included in this analysis. This image shows the distribution of the freshwater shrimp Macrobrachium lujae, the only decapod
species native to the Lake Victoria Basin to be assessed as Data Deficient. Richness data are classified using quantiles.

southern USA and has become well established in numerous borders of the Lake Victoria Basin. This proximity may be of
lakes and other bodies of water in Africa. Procambarus conservation concern because of P. clarkii’s ability to spread
clarkii is a fast-growing species that is primarily aquatic but overland between river basins. The introduction of P. clarkii
can move on land for large distances. When introduced into Lake Naivasha in 1970 had devastating consequences
to freshwater ecosystems the intensive feeding habits of on the lake’s ecosystem including on the subpopulation of the
these crayfish can alter water quality and generally make  freshwater crab P. loveni (Foster and Harper, 2006a, 2006b,
the habitat unsuitable for native species. For example, P. 2007; Smart et al., 2002). This crayfish may also have impacted
clarkii reduces macrophytes by feeding on submerged and the subpopulation of the freshwater crab P. mutandensis in
emergent water plants and semiaquatic vegetation, preys Lake Bunyonyi, but its effect there is unknown and has not
on molluscs, small fish and crustaceans, and outcompetes been studied. There is a need for concern about P. clarkii in
native species of freshwater crabs. These invasive crayfish Lake Bunyonyi because this lake is also home to four endemic
also have negative impacts on the agricultural and fishing species of Caridina shrimp (Richard and Clark, 2005).
industries, and their burrowing habits can damage dams and
reservoirs (Global Invasive Species Database, 2015). In addition to P. clarkii in Africa, a second species of crayfish
(the Australian Red Claw Crayfish, Cherax quadricarinatus)
Procambarus clarkii has successfully invaded a number of has become established in the wild in South Africa and
countries in Africa from Egypt to Zambia and South Africa, Zambia, and has the potential to reach the species-rich lakes
including Kenya, Rwanda and Uganda in the Lake Victoria of Victoria, Malawi and Tanganyika, and the Okavango Delta,
Basin Ecoregion. As far as we know, there are currently no a World Heritage site. Conservationists are concerned that
reports of invasive crayfish species in the Lake Victoria Basin if these two destructive species of crayfish were to reach
itself. Nevertheless, thriving subpopulations of P. clarkii have these lakes, they may put the hundreds of endemic species
become established in Kenya’s Lake Naivasha and in Uganda’s of fish and invertebrates that represent globally important
Lake Bunyonyi. Both of these lakes are very close to the freshwater biodiversity resources at high risk of extinction.
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Figure 3.11 The invasive Louisiana Red Crayfish (Procambarus clarkii). © Rachid H (CC BY-NC 2.0)

3.5 Recommended research and
conservation actions

The limited nature of historical sampling means that there
is a lack of data available for nearly all species of freshwater
decapod found in the Lake Victoria Basin. Our knowledge
of species is based mainly on preliminary distributional
range data, and information on specific threats and on
ecological and population data are still lacking. There are
still many parts of the basin that have either never been
studied for decapods, or require further surveying, and
most of the region requires more research attention. This
no doubt reflects the chronic lack of survey work in the
freshwater ecosystems in this part of Africa. This lack of
basic information makes it difficult to make meaningful
predictions about how species will respond to changing
freshwater environments driven by changing climates in the
future.

No local conservation measures are in place to protect P.
gerdalensis, the threatened freshwater crab species in the
Lake Victoria Basin. Clearly, a recovery plan needs to be
developed for P. gerdalensis that includes the intensification
of ecological fieldwork, biotic inventories and conservation
prioritisation activities aimed at establishing its true
distribution, abundance and threats. Similar efforts should
also be directed at the DD species of shrimp, M. lujae.
Making informed decisions about the conservation and
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monitoring of poorly documented species, and about the
management of ecosystems requires targeted surveys of
the above nature be undertaken. The impacts of threats
such as habitat disturbance and pollution on the stream
systems required by freshwater decapods also need to be
quantified.

While it is encouraging that most of the Lake Victoria Basin’s
freshwater decapods (10 out of the 13 species considered)
are assessed as LC, the long term security of this faunarelies
on the active protection of the freshwater habitats, namely
streams and rivers, where they live. Given the delicate nature
of freshwater ecosystems to alterations, there is reason
to consider the establishment of new protected areas for
freshwater ecosystems as part of conservation actions for
these habitats and their crustacean faunas (Cumberlidge et
al., 2017; IUCN, 2017).

Finally, serious measures aimed at stopping the spread of
invasive species of crayfish need to be implemented before
the destructive impact reaches the unspoilt natural wetland
ecosystems associated with the African Rift Valley lakes.
Management strategies for controlling the invasive crayfish
P. clarkii include trapping and removing individuals, creating
barriers to prevent its spread, prohibiting the transport of live
crayfish, and improving public education about its negative
impacts on aquatic ecosystems (Global Invasive Species
Database, 2015).



Species in the Spotlight

Caridina nilotica and the Nile Perch fishery
Sayer, C.A!

In the 1950s and early 1960s the Nile Perch (Lates niloticus) was
introduced into Lake Victoria from Lakes Turkana and Albert where it is
native. The purpose of this introduction was for the larger Nile Perch to
feed on the abundant but small haplochromine cichlid fish in the lake,
and provide a more efficient harvest of large fish for the local fisheries
(Figure 3.12). The presence of the large fish species in the lake would
also improve sport fishing in Lake Victoria (Pringle, 2005).

Shortly after the introduction of the Nile Perch, the first lake-wide

bottom trawl surveys (1969-1971) indicated that haplochromines

formed around 80% of the fish stocks, with Nile Perch contributing less

than one percent (Kudhongania and Cordone, 1974). However, by the

mid-1980s the situation had reversed with Nile Perch representing over

80% of the catch in both Kenya and Tanzania (Kaufman, 1992; Witte

et al., 1999). This increase in the Nile Perch population coincided with

declines in the populations of many species of endemic haplochromine

cichlids, including the likely extinction of some (Witte et al., 1992),

although these events are now not thought to have been caused

directly by the introduction of the Nile Perch (van Zwieten et al., 2016).

Haplochromine cichlids were previously the main prey of the Nile Perch

(Ogutu-Ohwayo, 1990) and the decline in their populations in Lake

Victoria in turn resulted in an increase in the stock of the freshwater ~ Figure 3.12 Landing Nile Perch (Lates niloticus) in Lake
shrimp Caridina nilotica in the lake (Goldschmidt et al., 1993; Kaufman,  Victoria, Kenya. © Patrick Dugan via Worldfish (CC BY-NC-
1992; Witte et al., 1991). ND2.0)

Caridina nilotica is a detritivorous species of atyid shrimp that is widespread throughout the entire River Nile catchment from
Egypt south to the Lake Victoria Basin, where it is found in both river and lake systems including several of the African rift lakes.
There are no known threats to C. nilotica and so this widespread and abundant species is assessed as Least Concern (De
Grave, 2013e).

It has been suggested that the increase in stocks of C. nilotica in Lake Victoria may have resulted from the reduced predation
pressure on juvenile shrimps that accompanied the decline in the populations of their haplochromine cichlid predators.
In addition, these shrimps were able to use hypoxic refugia to avoid predation and were able to feed on the increasingly
available algae and detritus that resulted from the environmental changes in the lake (Goldschmidt et al., 1993; Goudswaard
et al., 2006). When the haplochromine cichlid populations began to decline in Lake Victoria, the Nile Perch opportunistically
switched its predation target species to the shrimp C. nilotica. To a lesser degree anisopteran nymphs, Dagaa or Silver Cyprinid
(Rastrineobola argentea), juvenile Nile Perch, and the introduced Nile Tilapia (Oreochromis niloticus) were also consumed by
the Nile Perch in Lake Victoria (Ogutu-Ohwayo, 2004).

In recent years there has been a resurgence in some native fish species in Lake Victoria. These populations represent only
a subset of the original community, and comprise those species that can persist in the altered environmental conditions of
the lake that resulted from the invasion of the Nile Perch (Balirwa et al., 2003; Seehausen et al., 1997). The resurgence of the
native species in Lake Victoria could lead to a shift in the diet of the Nile Perch back towards eating haplochromine cichlids,
as has been demonstrated, for example, in the northern Mwanza Gulf (Kishe-Machumu et al., 2012). The recovery of some
haplochromine cichlids is also thought to have been a factor contributing to a recent decline in the abundance of C. nilotica
(Ngupula and Mlaponi, 2010).

At present, the main commercial fish species in Lake Victoria are the Nile Perch, Nile Tilapia and Dagaa (Budeba and Cowx,
2007) and these species are of high value to the livelihoods of the human communities surrounding the lake (see Chapter 10). As
C. nilotica is a prey item in the diet of all three of these species, the fisheries of Lake Victoria in part depend on the abundance
and availability of this ecologically important species of freshwater shrimp (Budeba and Cowx, 2007).

" Freshwater Biodiversity Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,
Pembroke Street, Cambridge, CB2 3QZ, UK
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The status and distribution of freshwater
fishes in the Lake Victoria Basin
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major anthropogenic disturbances, including the introduction
of the Nile Perch (Lates niloticus) and severe habitat
deterioration, the system harboured between 600 and 1,000
species of cichlids, all but four of them endemic
haplochromines (Kaufman et al., 1997; Seehausen, 2002,
2015; Witte et al., 2007). Since the 1980s, an estimated 200
haplochromine species have, however, likely gone extinct and
other species have become severely threatened (Seehausen
et al., 1997b; Witte et al., 1992, 2007). Unfortunately, several
hundred of the haplochromine species remain undescribed,
and this includes both extant species and those likely to now
be extinct. The numbers of non-cichlids reported in the past
appear to have been underestimations, with 69 non-cichlid
species listed from the area (excluding the Lake Kyoga region)
by this project compared to Snoeks (2000) reporting 45 for
Lake Victoria, and Witte et al. (2009) reporting 46 for Lakes
Victoria and Kyoga together.

4.2 Red List assessments

The Red List assessments of the fishes of Lake Victoria are
limited to species that are taxonomically described. With
regards to the endemic cichlids, this means that 166 species
(of the up to 1,000 endemic cichlid species) are considered,
while the many undescribed species, albeit often known
well and documented in the literature (Seehausen, 1996;
Seehausen et al., 1997b; Witte et al., 1992), are not currently
considered here. Values stated in the text are based on the
published Red List assessments and expert opinion has been
used in this chapter to state how these results would likely be
influenced by inclusion of the many undescribed species.

The Red List assessments indicate that freshwater fishes
of the Lake Victoria Basin are under high levels of threat.
Of the 234 species assessed, 86 species are classified as
threatened (Figure 4.1, Table 4.1), representing 55.5% of all
extant assessed species excluding those assessed as Data
Deficient (DD). This level of threat is significantly higher than
that for the combined freshwater fishes of continental Africa
where 26.6% of assessed species (excluding DD species)
were reported as threatened (Darwall et al., 2011). To a large
extent the high number of threatened species is linked to the
dramatic decline and potential extinction of many endemic
haplochromine cichlids within Lake Victoria, resulting from
the interactions between multiple increasing human-induced
stressors (Hecky et al., 2010; Seehausen et al., 1997a;
Verschuren et al., 2002) and the upsurge of the introduced
Nile Perch in the 1980s (Goudswaard et al., 2008; McGee
etal., 2015; van Zwieten et al., 2016; Witte et al., 1992).

EX
0.£ll%

CR 22.6%

33.3%
1 EN1.7%

VU 12.4%

NT 1.3%

LC 28.2%

Figure 4.1 Proportion (%) of freshwater fish species native to
the Lake Victoria Basin in each Red List Category. Note this
table includes species that were not reassessed through this
project, and excludes the many hundreds of endemic cichlid
species that are not yet taxonomically described. For a list of
species and their Red List Categories and Criteria please see
Appendix 1.

Table 4.1 Number of freshwater fish species native to the Lake Victoria
Basin in each Red List Category. Note this table includes species that
were not reassessed through this project, and excludes the many
hundreds of endemic cichlid species that are not yet taxonomically
described. For a list of species and their Red List Categories and Criteria
please see Appendix 1.

Number of
species endemic
to the Lake
IUCN Red List Category Victoria Basin
Extinct (EX)
Extinct in the Wild (EW)
Critically Endangered (CR)

Critically Endangered
(Possibly Extinct) (CR(PE))

Number of species

Vulnerable (VU) 29 29
Near Threatened (NT) 3 3

Data Deficient (DD) 78 76
Total 234 183

Despite the high levels of threat, only one freshwater fish
species native to the basin has been confirmed Extinct
(EX) (Figure 4.1, Table 4.1): Labeobarbus microbarbis®.
Labeobarbus microbarbis was known from Lake Luhondo in
Rwanda but went extinct in the 1950s following introduction
of tilapiines and Haplochromis species into the lake (De Vos
et al., 1990, 2001b). This is, however, likely an underestimate
of the true number of species extinctions. Forty-six species
are assessed as Critically Endangered (CR) and flagged as

¢ Note that for the species of the region allocated to the genus Barbus in the IUCN Red List (IUCN, 2017), we follow the currently accepted
nomenclature with the small diploid species being placed in Enteromius (Van Ginneken et al, 2017) and the large hexaploid species in
Labeobarbus. The latter genus also includes the species of its junior synonym Varicorhinus (Vreven et al., 2016).



Possibly Extinct (PE) (Table 4.1), representing 86.8% of all to be well surveyed. Again, this value would likely be higher if
CR species. This number would likely be much higher if the  the undescribed species were considered.
undescribed species were considered. With the exception of
the endemic catfish Xenoclarias eupogon, all of these species The majority (78.2%) of fish species are endemic to the
are haplochromine cichlids currently considered endemic to basin (Table 4.1). This number would rise to around 95% if
Lake Victoria. Dedicated extensive lake-wide field surveys the undescribed cichlid species were included. Of the 51
are required to confirm which of these species persist in non-endemic species, 90.2% (46 species) are assessed
Lake Victoria and its satellite lakes. A few species formerly as Least Concern (LC) (Table 4.1). The higher proportion of
assumed to be extirpated have since been rediscovered LC non-endemic species is unsurprising given their wider
in the Kyoga region (National Fisheries Research Institute distribution ranges.
of Uganda (NaFIRRI), unpublished data) but this is a small
minority of the species likely extinct in Lake Victoria.

4.3 Patterns of species richness
The need for additional field survey and monitoring of
freshwaters in the basin is further demonstrated by the high ~ 4.3.1 Overall species richness
number of species assessed as DD. Seventy-eight species
(33.3% of all assessed freshwater fishes native to the Lake Current spatial patterns of species richness of freshwater
Victoria Basin) are assessed as DD (Figure 4.1, Table 4.1), fishes native to the Lake Victoria Basin are displayed in
compared to only 18.0% for continental Africa (Darwall Figure 4.2. Overall species richness is greatest in Lake
et al., 2011). This high number of DD species is a product of Victoria, which is home to the large haplochromine species
high species richness within the lake, insufficient familiarity flock. These species evolved within Lake Victoria and some
with the taxonomy and diversity of endemic haplochromine of the smaller lakes in the region during the last 15,000 to
cichlids, and the extensive areas of Lake Victoria that are yet 150,000 years as part of the largest recent animal adaptive
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Figure 4.2 Richness of freshwater fish species in the Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant) and
Presence 2 (Probably Extant) and therefore, excluding species assessed as Extinct (EX) and Critically Endangered (Possibly
Extinct) (CR(PE)). Also excluded are the undescribed endemic haplochromine species, which have not been assessed for the
IUCN Red List - the vast majority of these species occur only in Lake Victoria itself but about 15 occur in the upper Kagera valley.
Richness data are classified using quantiles.
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radiation known to science. Despite their evolutionary youth,
these species are highly sympatric and form ecologically
highly diverse assemblages of up to 60 species in a single
local site. While it is known that these haplochromines are not
evenly distributed across the lake, at the time of assessment
there was insufficient information on their distributions within
the lake, or on the distribution of their preferred habitats, to
present meaningful patterns of spatial variation in intra-lake
species richness. However, suitable data have recently been
collected for the first time and we anticipate an update on this
report soon. Other regions with high species richness are the
lakes in the upper Kagera River valley and peripheral smaller
lake systems and downstream sections of rivers directly
connected to Lake Victoria. High species richness is also
found in the north-eastern part of the basin along the Nzoia,
Yala (Figure 4.3) and Nyando Rivers in Kenya, and extending
to the southern parts of Mwanza Gulf in Tanzania. To a certain
extent the high species richness shown in the rivers in Kenya
relative to other areas in the basin may be a reflection of
more extensive field surveys in these river systems. Lowest
species richness is found in river headwaters, mostly in the
higher altitude regions of the western part of the basin. This
is not considered an artefact of low sampling effort as the

Figure 4.3 The Yala River, identified as having high freshwater
fish species richness, pictured here as it runs through
Kakamega Forest in Kenya. © Catherine Sayer

ichthyofauna of Rwanda and Burundi has been relatively well
explored (Banyankimbonaet al., 2012; De Vos et al., 2001a).

Figure 4.2 excludes species assessed as EX and CR(PE) on
the IUCN Red List and the many undescribed haplochromine
cichlid species native to the Lake Victoria Basin. In com-
parison with this, Figure 4.4 gives a better representation of
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Figure 4.4 Richness of freshwater fish species in the Lake Victoria Basin, based on Figure 4.2 with the addition of species assessed
as Extinct (EX) and Critically Endangered (Possibly Extinct) (CR(PE)), and undescribed haplochromine cichlid species. Richness

data are classified using quantiles.
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the total species richness of freshwater fishes in the basin,
as it takes into account all known freshwater fish species adill
native to the basin, including: i) species assessed as EX '
(one species); ii) species assessed as CR(PE) (46 species);
and iii) haplochromine cichlid species that are currently un-
described but mentioned in the literature and have vouchers
deposited in scientific collections (263 species). Inclusion
of these species greatly increases species richness in Lake
Victoria from 144 to 453 freshwater fish species, the vast
majority of which are haplochromine cichlids endemic to
the lake. The species richness in the upper Kagera River valley
region (e.g. Figure 4.5), along the border between Tanzania
and Rwanda, is also increased due to the presence of many
undescribed haplochromine cichlid species in the inter-
connected lakes there, which form an endemic species flock
that is distinct from the flock in the main lake (J. Meier et al.

Figure 4.5 Lake Nyawambahili is one of the Kagera lakes and

unpublished data). occurs within Kimisi Game Reserve in Tanzania. There are
three known undescribed haplochromine cichlid species
4.3.2 Threatened species richness native to the lake. However, only limited sampling has been

done on this lake and it is likely to hold more haplochromine

) . . cichlid species. Lakes Nyawambahili and Ngoma are
Spatial patterns in the richness of threatened freshwater connected and the endemic species are shared between the

fishes native to the Lake Victoria Basin are displayed in lakes. © S. Mwaiko & M. Kishe-Machumu
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Figure 4.6 Richness of threatened freshwater fish species in the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 2 (Probably Extant) and therefore, excluding species assessed as Critically Endangered (Possibly Extinct)
(CR(PE)). Also excluded are the undescribed endemic haplochromine species, which have notbeen assessed for the IUCN Red List
- the vast majority of these species occur only in Lake Victoria itself but about 15 occur in the upper Kagera valley. Richness data
are classified using quantiles.
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Figure 4.6. The highest number of threatened species is
found within Lake Victoria itself, again due to the presence
of the large and highly threatened haplochromine species
flock (e.g. Figures 4.7 and 4.8). Rocky shore habitats within
the main lake support a great diversity and concentration
of haplochromines including many species that are lost
from all other habitats (Seehausen, 1996; Seehausen et al.,
1997b). Encouragingly, preliminary results of recent surveys
of the entire lake suggest that there are still populations of
some species that were previously believed to be extinct
at remote offshore rocky islands, as well as remote rocky
mainland shores and in certain deep water areas of the lake
(O. Seehausen unpubl. data). Once finalised, the results of
these surveys should be used to update the current Red
List assessments of the haplochromine cichlids. Studies by
Mwanija et al. (2001), Katunzi and Kishe (2004) and Katunzi et
al. (2010) revealed that a small number of the cichlid species
considered extinct in the main lake are still extant in small
satellite lakes in the periphery of the main lake. Work by
Seehausen et al. (2016) on the satellite lakes in the Kagera
region (e.g. Figure 4.5) has found a rich and functionally
diverse cichlid assemblage in those lakes. However, still
unpublished genomic work revealed that these species
are distinct from Lake Victoria cichlids and form their own
endemic species flock (J. Meier et al. unpublished data).
The upper Kagera lakes are therefore of high conservation
importance. However, the species are all undescribed and
not currently assessed for the IUCN Red List.
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High richness of threatened species is also found in some
associated peripheral areas and river stretches directly
connected to the lake. In relative terms, the headwaters in
Rwanda and Burundi are of interest as although poor in terms
of total species richness (with most sub-basins recorded as
containing 10 or fewer freshwater fish species; Figure 4.2),
they harbour up to three threatened species per sub-basin
(Figure 4.6).

4.3.3 Endemic species richness

Spatial patterns in the richness of species endemic to the
Lake Victoria Basin are displayed in Figure 4.9. Endemicity
is high within Lake Victoria, given the presence of large
numbers of haplochromine cichlids, and also in riparian
waters and rivers close to where they enter the lake. In the
remaining rivers and lakes the patterns of endemism differ
considerably from that of total species richness. Between
one and four endemic species are found in many upstream
areas, especially in the headwaters of the south-western
basin (Figure 4.9), despite these being areas of generally
low total species richness (Figure 4.2). This may be a
product of more intensive sampling and research efforts in
the Rwandan and Burundian basins (Banyankimbona et al.,
2012; De Vos et al., 2001a). The presence of at least 15 locally
endemic, yet undescribed, haplochromine cichlid species
in the lakes of upper Kagera valley (e.g. Figure 4.5) along the
Tanzania-Rwanda border has already been mentioned (O.

Figure 4.7 Haplochromis (Paralabido-
chromis) chromogynos is threatened
(assessed as Vulnerable (VU)) and
endemic to Lake Victoria. This littoral
species was common prior to the 1990s
but then disappeared from most of its
known sites of occurrence until it re-
emerged at the Makobe reef around 2010.
© 0. Selz & O. Seehausen

Figure 4.8 Haplochromis (Gaurochromis)
hiatus is threatened (assessed as
Critically Endangered (Possibly Extinct)
(CR(PE)) and endemic to the Lake Victoria
Basin. This is a representative of the
haplochromine cichlid community in the
profundal zone of Lake Victoria, mostly
at depths greater than 30 m over mud
substrates. This community is critically
dependent on oxygenated and clear deep
water. © S. Mwaiko & O. Seehausen



Seehausen unpublished data), and these data, if included,
would reinforce the pattern of high endemism in this part
of the basin. Eastern parts of the basin, which include large
protected savannah areas such as the Serengeti National
Park and Masai Mara National Reserve, harbour two
described endemic species of killifish: Nothobranchius
sagittae and N. serengetiensis (see Species in the Spotlight
-Fishes that “fall from the sky with rain”, this chapter).

4.3.4 Data Deficient (DD) species richness

Spatial patterns in the richness of DD freshwater fishes native
to the basin are displayed in Figure 4.10. As expected, the
majority of DD species are in Lake Victoria and in the riparian
areas directly connected to the lake. These are areas where
the endemic haplochromine cichlids are found, and these
species make up 85.9% of the DD species (see Appendix 1).
Only three DD species occur outside of Lake Victoria
itself: the Victoria Snake Catfish (Clariallabes petricola),
Sand Catlet (Zaireichthys rotundiceps) and the small barb
Enteromius loveridgii. The latter two species occur in Kenya

to the east of Lake Victoria along the border with Tanzania,
and are both considered DD based on uncertainties
surrounding their true distributions (Z. rotundiceps due
to recent taxonomic changes and E. loveridgii as it is only
known from the type specimens).

4.4 Maijor threats
4.41 Pollution

Pollution is coded as a threat to 90.2% of freshwater fish
species native to the basin, based on the IUCN Red List
assessments.

Domestic and industrial wastewater, solid waste, agricultural
waste and atmospheric deposition are the major nutrient
sources causing widespread eutrophication in Lake
Victoria. The lakeshore areas are highly affected, especially
Winam Gulf, Murchison Bay, Kisumu Bay, Mwanza Gulf and
Napoleon Gulf. Phosphorus and nitrogen concentrations
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Figure 4.9 Richness of freshwater fish species endemic to the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 2 (Probably Extant) and therefore, excluding species assessed as Extinct (EX) and Critically Endangered
(Possibly Extinct) (CR(PE)). Also excluded are the undescribed endemic haplochromine species, which have not been assessed
for the IUCN Red List - the vast majority of these species occur only in Lake Victoria itself but about 15 occur in the upper Kagera
valley. If included, the endemism gradients between lake (high) and wetlands (low) would be recognised as much steeper than
shown here, with the exception of the upper Kagera valley. Richness data are classified using quantiles.
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have increased and algal growth has increased five-fold
since the 1960s, resulting in poor water transparency and
deoxygenation of the water, which threatens the survival of
fish species (Hecky, 1993; Hecky et al., 2010). Talling (1966)
reported anoxia only in the deepest parts of the lake in 1960—
1961 but Hecky (1993) and Wanink et al. (2001) have since
reported widespread and long lasting anoxia below 45 m in
1990-1991, while Njiru et al. (2012) reported deoxygenation
within 30 m of the surface. These conditions have probably
contributed to the decline and loss of several endemic fish,
especially demersal species.

Another major effect of eutrophication is the extinction of
endemic haplochromine species through loss of their genetic
distinctiveness. This process, referred to as speciation
reversal or reverse speciation (Seehausen, 2006), is mediated
by the loss of water clarity and light penetration into the
water. Haplochromine cichlids are genetically isolated mainly
through female mate choice based on diverse and distinct
breeding colouration patterns (e.g. Figures 4.11, 4.12 and
4.13) that only the males display in the breeding season (Selz
et al., 2014). With the loss of colour visibility in turbid waters,
formerly distinct species merge into hybrid populations. This

Figure 4.11 Haplochromis (Yssichromis) piceatus is endemic
to Lake Victoria. It is currently assessed as Vulnerable (VU) on
the IUCN Red List but has not been seen in the wild since 2005
despite intensive searches in its former habitat. © M. Muschick
(Eawag)

process is associated with rapid erosion of the functional
ecological diversity that characterises the cichlid radiation,
and leads to species loss much faster than demographic
decline (Seehausen et al., 1997a). Loss of visibility additionally
affects the access to resources and associated ability to
maintain dietary specialisations with repercussions for niche
partitioning and species coexistence (Seehausen et al.,
2003).
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Figure 4.10 Richness of Data Deficient freshwater fish species in the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 2 (Probably Extant). The undescribed endemic haplochromine species have not been assessed for the IUCN
Red List and are excluded - the vast majority of these species occur only in Lake Victoria itself but about 15 occur in the upper
Kagera valley. Richness data are classified using quantiles.
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Figure 4.12 Haplochromis (Lipochromis) melanopterus, endemic
to Lake Victoria and assessed as Vulnerable (VU). © T. Alexander
(Eawag)

Small-scale gold mining is increasing in parts of the basin
and could lead to heavy metal pollution discharge, especially
of mercury, into Lake Victoria, its satellite lakes and rivers in
the basin (Campbell et al., 2003; Kishe and Machiwa, 2003).
Toxic metals in water and sediment can also originate from
agro-chemical and industrial sources (Ongeri et al., 2009).
Seepage from mining is coded as a potential threat to 6%
of freshwater fish species native to the Lake Victoria Basin,
including the species of particular conservation concern such
as the threatened Labeo victorianus (CR) and the endemic
Labeobarbus acuticeps (NT). These toxic metals threaten
species both by leading to degradation of their aquatic
environments, and by harming individuals after ingestion and
subsequent accumulation in their tissues (Birungi et al., 2007).
Given that fish are consumed, these metals could in turn lead
to human health problems, as has potentially been found in
the Kenyan part of the basin (Oyoo-Okoth et al., 2010).

The possibility of oil spillages, related to transport, entering
the lake has been reported (LVEMP, 2003) because most
drainage systems from filling stations in the basin allow oil to
pass into sewage systems or rivers that feed the lake (Figure
4.14). Bilge oil from boats is also regularly discharged directly
into the lake (LVEMP, 2003) and oil from outboard boat
engines (especially two-stroke motors) and automobiles is
another source of oil pollution to the lake (Kishe and Machiwa,
20083). There are plans for oil drilling in areas neighbouring
the Lake Victoria Basin (for example around Lakes Albert and
Turkana), but no plans for oil drilling in the basin are currently
known and no impact to biodiversity has yet been reported
from oil spillages in Lake Victoria. However, any major spill
in the lake would likely lead to the extinction of hundreds of
endemic species.

4.4.2 Agricultural expansion and resulting
sedimentation

It is estimated that the Lake Victoria Basin supports about
one-third of the total human population of Kenya, Uganda
and Tanzania. Additionally, over 70% of the population

Figure 4.13 Haplochromis (Pundamilia) nyererei, endemic to Lake
Victoria and assessed as Least Concern (LC). © T. Alexander
(Eawag)

in the catchment area of the three riparian countries is
engaged in agricultural production (e.g. Figure 4.15), mostly
as small-scale farmers (Kayombo and Jorgensen, 2005).
Deforestation, coupled with inappropriate agricultural
practices, and increased human and livestock populations,
has degraded soils leading to severe erosion. The annual
increase in cultivated land is 2.2% while overgrazing by
1.5 million cattle and 1.0 million goats exceeds the sustainable
grazing limit by a factor of five (Scheren et al., 2001). Of
the freshwater fish species native to the basin, 88.9% are
reported as threatened by soil erosion and sedimentation.

4.4.3 Overharvesting

The introduction of gill nets in 1905, beach seines in the early
1920s and outboard motors in the 1950s in the fishery targeting
the Singida Tilapia (Oreochromis esculentus) increased fishing
pressure in the Lake Victoria Basin (Garrod, 1960). Since then
fishing effort has continued to rise and the effects of overfishing
realised as a decline in the populations of some species and
the virtual disappearance of others has been observed.
Fishing is recorded as a threat to 77.4% of native freshwater
fish species. Increased fishing pressure in Lake Victoria has

G
Figure 4.14 Tankers at Kisumu Port in Kenya. © Victor Ochieng
(CCBY-SA2.0)



Figure 4.15 Banana plantation in Birere County, Uganda. © John
Wasige via CDKNetwork (CC BY 2.0)

resulted in decreases in catch per unit effort, especially for the
endemic tilapiine species (O. esculentus and O. variabilis),
Ningu (Labeo victorianus) (Ogutu-Ohwayo, 1990), Ripon
Barbel (Labeobarbus altianalis) and Bottlenose (Mormyrus
kannume) (Garrod, 1960). Similarly, the use of unsustainable
fishing methods and gears has also contributed to
overexploitation of native fish species.

A relatively recent development is the very intensive
multispecies fishery that targets many of the endemic
haplochromines that either survived (species on rocky
shores) through the major changes of the 1980s or recovered
in the 2000s (species in the demersal community).
Specifically, the demersal cichlids are fished at night in open
water with light traps (Figure 4.16) and currently make up
about 50% of the catch of light trap fishermen (Downing et
al., 2014). The rocky reef cichlids are targeted by intensive
live bait fishery for the Nile Perch longline fishery. Beyond
creating serious fishing pressure, the latter practice results
in cichlids being transported alive for long distances from
one part of the lake to another. A significant fraction of these
fish escape from the holdings and the trade in haplochromine
bait likely leads, therefore, to changes in distribution ranges
of intralacustrine endemics. These movements of fish
with the bait trade even extend to overland traffic between
peripheral water bodies and Lake Victoria.

4.4.4 Invasive species

Invasive species are recorded as a threat to 64.7% of fresh-
water fish species native to the Lake Victoria Basin.

In the 1950s and 1960s, two species of Nile Perch (Lates
niloticus and L. macrophthalmus) and non-indigenous
tilapiine species (Nile Tilapia, Oreochromis niloticus; Blue
Spotted Tilapia, O. leucostictus; Redbelly Tilapia, Coptodon
zillii; and Redbreast Tilapia, C. rendalii) were introduced into
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Figure 4.16 Night fishing using lights in the Ugandan waters of
Lake Victoria. © Laura (CC BY-NC-ND 2.0)

the lake. The non-indigenous tilapiines were introduced in
order to boost tilapia fisheries of the lake, given the reduced
catches of the two endemic species: the Victoria Tilapia
(O. variabilis) and Singida Tilapia (see 4.4.3 Overharvesting).
Following its introduction to the lake, the competitive
advantage of the Nile Tilapia (Ogutu-Ohwayo, 1990) over the
endemic fishes and possibly hybridisation with the native
species is thought to have caused the likely extinction of
Singida Tilapia from the lake and the dramatic decline in
Victoria Tilapia, leading to Nile Tilapia becoming one of
the top three most abundant species in the Lake Victoria
fisheries.

Nile Perch were introduced to the lake with the aim of
converting haplochromines, which were abundant but with
little economic value, into high value Nile Perch (the Nile
Perch being a predator of these smaller species) (Pringle,
2005). During the 1970s, haplochromines were the most
abundant fish species in the lake, constituting up to 80%
of demersal fish stocks (Kudhongania and Cordone, 1974).
However, eutrophication and the subsequent explosion of
the Nile Perch population in the lake are reported to have
contributed to the decline of the haplochromine cichlid
stocks and the likely extinction of a significant number of
haplochromine species in the late 1980s and early 1990s
(van Zwieten et al., 2016; Witte et al., 1992). Within the last
50 years, an estimated 200 haplochromine species have
likely gone extinct, due to a combination of factors including
extensive predation by Nile Perch (Kishe-Machumu et
al., 2015; Witte et al., 2000, 2007), competition with Nile
Perch (McGee et al., 2015) and eutrophication (Seehausen
et al., 1997a; Witte et al., 2005). This change in species
composition has resulted in the restructuring of the lake’s
ecology as evidenced by the dramatic six-fold increase in
biomass of the zooplanktivorous Silver Cyprinid or Dagaa
(Rastrineobola argentea) (Wanink, 1999), which also became
an important prey item of the Nile Perch (Katunzi et al., 2006;



Kishe-Machumu et al., 2012). This population explosion of
Dagaa was possibly a consequence of temporarily reduced
competition with haplochromines (Wanink, 1999). By the
1990s, what had originally been a diverse multi-species
fishery now relied on two introduced species, Nile Perch and
Nile Tilapia, as well as the native Dagaa (Figure 4.17) and a
much reduced harvest of haplochromines (Kayanda et al.,
2009). Subsequently, however, several resurgent species of
haplochromines have become so abundant that by 2017 the
fishery heavily exploited these recovering stocks of cichlids
once again. Haplochromines now represent up to 80% of
the pelagic fish biomass. More than 50% of the light trap
fishery catch, considered Dagaa, are haplochromines of
the subgenera Yssichromis and Enterochromis (Figure 4.18)
(Downing et al., 2014). In Tanzania, since their resurgence,
haplochromines have shifted from being an important
bycatch of the Dagaa fishery to becoming a target that is sold
to regional markets (Ngupula and Mlaponi, 2010).

Water Hyacinth (Eichhornia crassipes) invaded Lake Victoria
in the 1980s, causing significant socio-economic and
environmental impacts (see Chapter 7: Species in the
Spotlight - Water Hyacinth (Eichhornia crassipes)).
The total Water Hyacinth cover in the lake at the peak of
infestation in 1998 was estimated at 12,000 hectares, with
6,000 hectares in Kenya, 2,000 hectares in Tanzania and
4,000 hectares in Uganda (Ndunguru et al., 2001). The
impacts of Water Hyacinth on Lake Victoria, amongst others,
include the decline and disappearance of native flora and
fauna that were unable to compete or survive in infested
environments and increased sedimentation due to trapping
of silt input from the catchment.

Whereas the dangers to biodiversity associated with
introduction of non-native species from outside the region
are now becoming widely recognised, a hitherto ignored
problem is translocations between sub-basins within the

Figure 4.17 Dagaa (Rastrineobola argentea) for sale in a market
in Kisumu, Kenya. © C. Schubert (CC BY-NC 2.0)

region or between sectors of Lake Victoria. Many smaller
lakes within the region host endemic haplochromine species
or subpopulations of the two native Oreochromis species.
Translocation of cichlids between these smaller lakes or
translocations from Lake Victoria to the smaller lakes have
occurred repeatedly, often perhaps as an unintended by-
product of stocking with Nile Tilapia. Such translocations can
lead to loss of species through hybridisation, competition
and sometimes predation. Another major source of
translocations is the booming trade in baitfish for longline
fisheries. Endemic haplochromine cichlids are caught in
large quantities at rocky shores and offshore rocky islands
and are transported long distances across the lake alive
in the bottom of fishing vessels before they are sold to Nile
Perch longline fishermen. Fish that escape from the boats
or from the longlines can establish subpopulations outside
their native range or directly hybridise with local species.
Mormyrids and catfish are also targeted by this trade.
Besides lake transport in boats, the trade involves trafficking
live fish in plastic containers tens of kilometres over land (by
specialised motorbike couriers) and connecting otherwise
isolated water bodies. One important recent source of
baitfish for the longline fishery in the Ugandan sector of Lake
Victoria is the Victoria Nile downstream of major rapids. While
currently mainly targeting mormyrids, this trade is potentially
introducing endemic Victoria Nile species into Lake Victoria.

4.4.5 Dams and water management

Dams and water management are coded as a threatto 15.3%
of freshwater fish species native to the Lake Victoria Basin.

Declining water levels in Lake Victoria are one of the key
impacts of water management, such as dams, with a
recorded drop of two metres between 2000 and 2006,
leading to the lowest water level since 1951 (Kull, 2006).
Changes in water level can have serious environmental

Figure 4.18 Drying beds in Bukakata region, Uganda, composed
primarily of haplochromine cichlids. © Ole Seehausen



impacts, such as the drying out of papyrus wetlands fringing
the lake, and increased eutrophication and algal blooms
because the wetlands no longer function to buffer levels
of nitrogen and phosphorus. The initial construction of the
Owen Falls Dam complex, which is now known as Nalubaale
and Kiira dams, on the Nile River in Uganda led to a large
rise in the lake level and resulted in the flooding of Ripon
Falls, which was formerly considered the source of the Nile.
The dams are the primary cause of declines in water level in
recent years (Kull, 2006) but it should be noted that the water
level in the lake has not dropped back to its original level.

There are plans for the development of a number of small
dams in the Lake Victoria Basin, including multiple dams
on the Mara River and its tributaries, which are projected
to cause dramatic declines in water levels in these rivers
(Mnaya et al., 2017), and would affect water flow in two
Key Biodiversity Areas (KBAs) with freshwater fish trigger
species: Lake Victoria Mara Bay and Maisori Swamp KBA
and Serengeti National Park KBA (see Chapter 11).

4.5 Climate change vulnerability

The climate change vulnerability assessment considered
233 freshwater fish species native to the Lake Victoria
Basin. A total of 14 biological traits, of which 10 related to
‘Sensitivity’ (Table 4.2), and four to ‘Low Adaptive Capacity’
(Table 4.3) were considered. We define low adaptive capacity
as “a species’ inability to avoid the negative impacts of
climate change through dispersal and/or micro-evolutionary
change” following Foden et al. (2013). It should be noted
that this definition is different to that used in conservation
genetics and evolutionary biology.

Two hundred and thirty-one species (>99%) are assessed
as possessing one or more traits that make them highly
sensitive to climate change. No species are assessed as
‘low’ in terms of their sensitivity, and two species (<1%) are
assessed as ‘unknown’.

Within the Sensitivity analysis, the most commonly
possessed traits are an intolerance of increased turbidity or
sedimentation (Trait S7), present in 164 species (70%), and
an inferred low tolerance of temperature changes (Trait S4),
present in 84 species (36%). Data gaps on the sensitivity of
freshwater fish species are most common when considering
negative species interactions that may increase as a result of
climate change (Trait S10), which are unknown for 100% of
species.

In the assessment of adaptive capacity, 173 species (74%)
are assessed as possessing traits that make them poorly
able to adapt to climate change. No species are assessed as
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‘low’ risk in terms of their adaptive capacity, though sufficient
data are unavailable for 60 species (26%) assessed as
‘unknown’ in terms of their capacity to adapt to change.
Insufficient data were available at the time of assessment to
assess the adaptive capacity of the haplochromine cichlids
at the species level and the same traits were, therefore,
applied to all species in the genus Haplochromis. These trait
classifications should be revisited as more species-level
data become available.

Within the analysis of adaptive capacity, the presence of
dispersal barriers (Trait A1) (mainly unsuitable habitat barriers
within lakes for lake cichlids) and low fecundity (Trait A4) are
the most common traits — present in 166 (71%) and 167 (72%)
of species, respectively. Data on the genetic diversity of
species are the most lacking, being unavailable for 232
(>99%) species at the time of assessment.

Table 4.4 summarises the findings of our exposure assess-
ments, showing that in almost all cases at least 98% of fresh-
water fishes considered (with available maps) are expected to
be highly exposed to climate change. Considering the propor-
tions of species’ ranges that are projected to experience novel
conditions (relative to conditions in each species’ current
range), we calculate that between 70% (RCP4.5, 2055) and
89% (RCP8.5, 2085) of species are expected to ‘lose’ more
than half of their current range.

Species were then assessed as vulnerable to climate change
if they scored as ‘high’ under all three criteria of exposure,
sensitivity and low adaptive capacity. Total numbers of
climate change vulnerable species range from 166 (71%) to
181 (78%), under optimistic and pessimistic assumptions of
missing data values, respectively. These numbers remain the
same under all RCP and timeframe combinations.

In terms of the distribution of climate change vulnerable
freshwater fishes across the Lake Victoria Basin (using
RCP8.5 for the 2055 period), the greatest numbers (up to
151 species per grid cell) are found within the main body of
the lake itself (Figure 4.19). This figure would likely greatly
increase if the undescribed haplochromine cichlid species
were included. Moving eastwards from the lake, numbers
typically drop to between three to seven climate change
vulnerable species per grid cell, while to the west these
numbers are even lower — typically only one or two per grid
cell. This pattern is reflected in the map showing proportions
of climate change vulnerable species (Figure 4.20), which
suggests that across most of Lake Victoria itself over 83%
of fish species present are climate change vulnerable
(primarily due to the high vulnerability of lake-endemic
haplochromines present, which are considered as being
sensitive to changes in habitat availability, sedimentation
and/or turbidity, and poorly equipped to adapt to change due



Table 4.2 Climate change sensitivity traits used to assess freshwater fishes, including thresholds used to classify species, and the total numbers of
species falling into each category for each trait. A species can only be classified as having ‘Low’ sensitivity overall if it is not classified as ‘High’ for
any trait, and if there are no missing data values for any trait.

Trait Groups

SENSITIVITY

Traits

Thresholds

Low

FISHES

Total species =233

High Unknown

A. Specialised habitat | Habitat $1: Species described (with Low = false; High = true 201 32 0
and/or microhabitat specialisation justification) as having specialised
requirements habitat requirements
Microhabitat $2: Species is dependent on one | Low = false; High = true 224 7 2
specialisation or more microhabitats
B. Narrow Tolerance of $3: Average absolute deviation in | Average absolute deviation 170 56 7
environmental changes to precipitation across the species’ in precipitation across the
tolerances or precipitation current range species’ historical range:
thresholds that are regimes Low = highest 75%;
likely to be exceeded High = lowest 25%
:;’:I:O ::Lm:ti‘; (;:::':i%g Tolerance of S4: Average absolute deviation in | Average absolute deviation 142 84 7
Y stag temperature temperature across the species’ in temperature across the
cycle changes current range species’ historical range:
Low = highest 75%);
High = lowest 25%
Tolerance of $5: Tolerance of narrow and Low = false; High = true 233 0 0
dissolved oxygen | extreme levels of dissolved oxygen
changes (species occurs exclusively in
hypoxic (<4 mg/L) or saturated
(>12 mg/L) waters)
Migration limited |S6: Species migrates upstream Low = false; High = true 174 35 24
by water level to breed and/or spawn and/
changes or juveniles migrate back to a
major body of water (i.e. from
some ephemeral habitat) during a
seasonal retreat of water
Tolerance of §7: Species uses a visual, Low = false; High = true 63 164 6
increases in intraspecific recognition system
turbidity and/or | that could be affected by changes
sedimentation in turbidity or sedimentation and/
or lay eggs in substrate/habitat
that is especially vulnerable to
increased sedimentation
C. Dependence on a Dependence on | S8: Species depends on a climatic | High = dependence on one 165 47 21
specific environmental | an environmental |trigger for migration, breeding, or more climatic triggers;
trigger that is likely to | trigger egg development, egg deposition, |Low = no dependency
be disrupted by climate re-submergence after cocooning
change and/or beginning/emergence from
hibernation or aestivation
D. Interspecific Declining positive | $9: Species depends on one ora | High = dependence on 216 2 15
interactions which interactions with | few other species for food, habitat | one or more interspecific
could be disrupted by/ | other species modification and/or creation of interactions; Low = no
emerge as a result of nest or shelter dependency
climate change
Increasing $10: Species could experience Low = false; High = true 0 0 233
negative increases in one or more of the
interactions with | following as a result of climate
other species change: Predation, competition,
parasitism, disease, hunting by
humans
I ———
Number of species in each sensitivity classification 0 231 2
Percentage 0% >99% <1%
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Table 4.3 Climate change adaptive capacity traits used to assess freshwater fishes, including thresholds used to classify species, and the total
numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’ adaptive capacity overall if it is not
classified as ‘High’ for any trait, and if there are no missing data values for any trait.

FISHES
Total species considered = 233

LOW ADAPTABILITY Low High

Thresholds

Traits

Unknown

Extrinsic A1: Extrinsic barriers to High = occurs exclusively on mountaintops,
barriersto | dispersal small islands and/or areas where dispersal
dispersal is blocked by unsuitable habitat (natural or
anthropogenic) or dams; Low = no known
barriers
Low intrinsic | A2: Median estimated Low = >1 km/year; High = < 1 km/year 229 4 0
dispersal dispersal distance per year
capacity
Low genetic | A3: Evidence of low genetic | High = species shows evidence of having low 0 1 232
diversity diversity or known genetic genetic variability (e.g. a genetic bottleneck)
bottleneck among all members of the species; Low = no
evidence of low genetic variability
Life history | Ad: Species has a life High = species is either: fast-growing, long 10 167 56
strategy history strategy (adapted lived with low fecundity; slow-growing, short-
from Winemiller and Rose, lived with low fecundity or slow-growing,
1992) that is not conducive | long-lived with low fecundity (or is otherwise
to in situ, micro-evolutionary | indicated as having low fecundity); Low =
adaptation opportunistic or periodic strategist
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Figure 4.19 Richness of climate change vulnerable freshwater fishes (using RCP8.5 for the 2055 period). The undescribed endemic
haplochromine species were not assessed in terms of climate change vulnerability and are excluded - the vast majority of these
species occur only in Lake Victoria itself but about 15 occur in the upper Kagera valley. Richness data are classified using quantiles.
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to a low reproductive output and lack of suitable habitat into
which they might disperse as aresponse to change), and that
at most other locations in the basin under 21% of fish species
present are climate change vulnerable. However, it is likely
that there would be localities where the majority of species
would be vulnerable to climate change also outside of the
main lake if, for instance, the undescribed locally endemic
haplochromines of the upper Kagera valley lakes (e.g. Figure
4.5) were taken into account.

4.6 Recommended research and
conservation actions

and have their fish assemblages documented at species level,
and be monitored and protected from ongoing anthropogenic
degradation and pollution. Additionally, the papyrus belts

Table 4.4 Total numbers (and percentage of all species assessed) of
freshwater fishes considered highly exposed to climate change under
both timeframes and Representative Concentration Pathways (RCPs)
considered. Upper row shows numbers derived following the methods
of Foden et al. (2013) (see Chapter 2), and lower row shows numbers
for which >50% of their current range is projected to experience
climatic conditions not currently present anywhere in their range. Note
that seven fish species do not have range maps available, and so are not
included in this table.

RCP4.5 RCP8.5
Offshore rocky islands, rocky mainland shores and some 2055 | 2085 | 2055 | 2085
deep water sites in Lake Victoria itself, the lakes in the upper ~ [Numbers (and percentages) of 222 | 226 | 222 | 226
Kagera valley (e.g. Figure 4.5) and some satellite lakes of climate change exposed species, | (98%) | (100%) | (38%) |(100%)
9 yie.g-Tg ’ following the methods of Foden
the Lake Victoria Basin harbour functionally diverse fish etal. (2013)
communities, mostly haplochromine cichlids, of very high Numbers (and percentages) of 159 176 181 201
conservation concern. Additionally, the lower reaches of some species for Wh!ch >50% of th_eir (70%) | (78%) | (80%) | (89%)
rivers near entry points to the lake can be important habitats ranges are prOJect(?q to experience
» . entirely novel conditions
for cyprinids and catfish. All these areas need to be surveyed
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Figure 4.20 Proportion of all freshwater fish species that are climate change vulnerable (using RCP8.5 for the 2055 period). The
undescribed endemic haplochromine species were not assessed in terms of climate change vulnerability and are excluded - the
vast majority of these species occur only in Lake Victoria itself but about 15 occur in the upper Kagera valley. Proportion data are
classified using quantiles.
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(Figure 4.21) are being rapidly lost or degraded and need to be
protected given their important role as filters between lakes
and the eroding hills or sedimented rivers in the basin.

Our knowledge of fish diversity in the basins’ rivers, dams
and wetlands is limited, particularly in Tanzania, as well as
at the offshore islands and in the offshore deep waters of
the lake. Biodiversity studies in these habitats are therefore
encouraged. Additionally, studies to identify and map the
critical biodiversity hotspots, breeding sites and nursery
areas are suggested, building upon the Key Biodiversity Area
(KBA) delineation process initiated through this project (see
Chapter 11).

In order to improve the effectiveness of existing management
structures, regulations and laws in controlling logging and
deforestation, papyrus swamp destruction and illegal fishing
practices, it is recommended that fisheries extension officers
work in collaboration with Beach Management Units (BMUs)
and Conservation Management Units (CMUs), and that
they receive training in the taxonomy and biodiversity of
haplochromine cichlids.

Finally, it should be recognised that the number of threatened
and endemic freshwater fish species in the basin is likely
to be much higher than reported here as many taxa are
yet to be formally described and therefore, could not be
assessed for the Red List. The largest collections of Lake

Victoria’s undescribed fish species, which are primarily
haplochromine cichlids endemic to the basin, are currently
housed at the Natural History Museum in London, UK;
Naturalis Biodiversity Center in Leiden, Netherlands; and
the Bern Natural History Museum/Eawag, Switzerland with
smaller collections at NaFIRRI in Jinja, at the Mwanza centre
of TAFIRI, as well as at a number of other institutions around
the world. However, insufficient investment has been made
into training and supporting taxonomists in the Eastern Africa
region to become specialists in the identification, systematics
and biodiversity of these species. In order to cope with the
sheer numbers of undescribed endemic cichlid species in
the region and their conservation needs, Eastern African
countries, in collaboration with the countries where the large
collections are held, need to work together now to produce
a new generation of specialised biodiversity scientists.
Adding to the taxonomic challenge, endemic Lake Victoria
haplochromine cichlids are hard to identify because: 1) many
closely related species can be found in any one place; 2) they
can often only reliably be identified to species level when in
breeding dress, which applies only to males; and 3) many
species occasionally hybridise, especially in turbid waters
(Figure 4.22). In conclusion, we clearly still lack sufficient
knowledge on the taxonomy, ecology and distributions of the
majority of fish species within the basin, and the endemics
especially. This is a significant failing that has to be addressed
immediately if we are to conserve and sustainably manage
this unique fish fauna and its associated fisheries.

Figure 4.21 Belts of Papyrus Sedge (Cyperus papyrus), Least Concern (LC), have an important role as filters between lakes and
eroding land. © Rod Waddington (CC BY-SA 2.0)



Figure 4.22 Haplochromis (Pundamilia)
nyererei (Least Concern (LC))
and Haplochromis (Neochromis)
omnicaeruleus (also LC) grazing in turbid
waters of Lake Victoria. © F. Moser & O.
Seehausen

Species in the Spotlight

Haplochromine cichlids of Darwin’s dreampond
Kishe-Machumu, M.A." and Natugonza, V.2

Lake Victoria has been referred to as ‘Darwin’s dreampond’ (Goldschmidt, 1996) as it is home to hundreds of species of cichlids that are
thought to have evolved at a rate equivalent to a new species emerging every 30 years on average (Seehausen, 2002; Spinney, 2010). In
this section, we focus on two of these species: Haplochromis (Neochromis) simotes and H. (Yssichromis) pyrrhocephalus. The former
should be considered a conservation priority due to its small population size and ongoing threats combined with unique functional
morphology and narrow habitat requirements, while the latter is highlighted on account of its potential for rapid adaptive responses
to environmental change. This is significant as it casts light on the mechanisms by which some species may respond to this rapidly
changing environment through evolution. These species are highlighted to help increase awareness amongst scientists, academics,
policy makers, managers and conservationists of the diversity of conservation status among endemic cichlids and to stimulate the
design and implementation of management actions that will accommodate this diversity of responses to environmental change and
help ensure the recovery of the negatively impacted species.

Haplochromis (Neochromis) simotes

Haplochromis (Neochromis) simotes is a brightly coloured species (bright blue with an orange dorsal fin) (Figures 4.23 and 4.24) that
can be referred to as the “Tropheus of Lake Victoria” because of its close resemblance to the morphologically highly specialised algae
browsers of the genus Tropheus from Lake Tanganyika. Both share a strongly subterminal mouth and many rows of very densely-
spaced scraper teeth (Seehausen et al., 1998). The known distribution range of the species is restricted to the upper and middle Victoria
Nile, a stretch of the Nile River that connects Lakes Victoria and Kyoga, where it inhabits rocky rapids. Although currently listed as
Data Deficient (DD) on the IUCN Red List (Witte and De Zeeuw, 2016), recent surveys in the known range of the species suggest the
species is close to extinction. It was observed exclusively in small pockets of suitable habitat between Kirindi and Kakindu, a stretch
of about 20 km in the middle Victoria Nile where it is severely threatened by hydroelectric power dam projects. Three dams have been
constructed and are already operational along the upper Victoria Nile (e.g. Nalubaale Power Station, formerly known as Owen Falls
Dam; Figure 4.25), while two other dams are in advanced stages of construction. Dams cause habitat loss through inundation, loss of
habitat connectivity, decreased flow volumes in tail waters, changes in the thermal regimes of river water, degradation of the river bed,
and increased sediment trapping. Little is known about the biology and ecology of H. (N.) simotes but, as a specialised algae browser,
the species requires sediment-free rocks to feed on the epilithic algae. It has very narrow microhabitat selection within the upper Victoria
Nile, mostly confined to rapids where it lives at the edge of the fast flow. It is very likely that this species will disappear as the Victoria Nile
becomes more and more fragmented by dams.

The other significant threat to this species is habitat degradation through cultivation of river banks. Most of the marginal areas along the
river banks where H. (N.) simotes still survives are under intense pressure from rapidly changing land use practices. Extensive cultivation

' Tanzania Fisheries Research Institute (TAFIRI), Dar es Salaam, Tanzania
2 National Fisheries Resources Research Institute (NaFIRRI), Jinja, Uganda




Figure 4.23 A male Haplochromis (Neochromis) simotes, Figure 4.24 A female Haplochromis (Neochromis) simotes,
considered Data Deficient (DD), but likely close to extinction, considered Data Deficient (DD), but likely close to extinction,
caught in the upper Victoria Nile. © Vianny Natugonza caughtin the upper Victoria Nile. © Vianny Natugonza

of river banks is likely to accelerate siltation, especially in the
reservoir areas, and this is likely to impact the species because
haplochromines generally depend on clear waters for feeding and
identification of mates.

Given that H. (N.) simotes is one of several ecologically specialised
rapid-dwelling haplochromines that are endemic to the Victoria
Nile, it should be taken as representative, and perhaps flagship,
for this unique group of species that are all vulnerable to the large
scale developments that take place at the Victoria Nile. There is
therefore a need to monitor H. (N.) simotes and the associated
assemblage and ensure recovery mechanisms are put in place
if it becomes apparent that the populations are further declining.
In the meantime, it is recommended that the area between the
last dam along the upper Victoria Nile (Isimba) and Lake Kyoga
is designated a conservation area to protect the last remaining
assemblages of rapid-dwelling Victoria Nile haplochromines and
the last population of H. (N.) simotes from these multiple threats.

Figure 4.25 Nalubaale Power Station, formerly known as Owen Falls
Dam, a hydroelectric power station across the Victoria Nile near to
its source at Lake Victoria in Uganda. Taken in February 2014.

© Nagarjun Kandukuru (CC BY 2.0)

Haplochromis (Yssichromis) pyrrhocephalus

Haplochromis (Yssichromis) pyrrhocephalus provides a fascinating example of the adaptability of some haplochromine cichlids
to environmental change. It is unclear, however, what the exact mechanism is that explains the observed morphological changes
described below. It is likely that at least some of these changes are heritable while others may be due to phenotypic plasticity. There is
also evidence that the species has hybridised with other species in the course of its decline and recovery and may have acquired new
traits by hybridisation. Either way, the ability of the species to respond ecologically and morphologically to environmental changes is
thought likely to have facilitated its recovery.

Haplochromis (Yssichromis) pyrrhocephalus is a zooplanktivorous benthopelagic cichlid, endemic to Lake Victoria with a lake-wide
distribution. It lives and forages near muddy substrates during the day and migrates to the surface for feeding at night (Goudswaard
et al., 2004; Kishe-Machumu, 2012). It is currently assessed as Least Concern (LC) on the IUCN Red List (Witte et al., 2010). Its scientific
name translates to “fire head”. Both females and males display a body colouration of metallic silver (Figure 4.26) with all fins largely

Figure 4.26 A female Haplochromis (Yssichromis) pyrrhocephalus, Figure 4.27 A sexually active male Haplochromis (Yssichromis)
Least Concern (LC), from Mwanza Gulf in the Tanzanian part of pyrrhocephalus, Least Concern (LC), from Speke Gulf in the
Lake Victoria. © Mary Kishe-Machumu Tanzanian part of Lake Victoria. © Mary Kishe-Machumu




translucent. Sexually active males, however, display an orange-red blaze with a prominent eye bar (Figure 4.27). The pelvic fins are black
with orange dorsal, anal and caudal fins. One to three ocelli dot the back portion of the anal fin. The head is arrow-shaped with a sleek
tapered body.

Haplochromis (Yssichromis) pyrrhocephalus was once one of the most common haplochromines in the Mwanza Gulf but it disappeared
in the mid-1980s alongside all other demersal species following the upsurge of the introduced Nile Perch and the concomitant
eutrophication of the lake. However, in 1991 the species reappeared (Seehausen et al., 1997a; Witte et al., 2000, 2008) and this was
followed by a massive resurgence that began to become apparent in the late 1990s and happened in spite of ongoing predation by Nile
Perch and a changed environment (decreased dissolved oxygen (DO) concentrations and light conditions). This resurgence coincided
with a range of morphological and behavioural changes in the species.

In response to the changed environment, H. (Y.) pyrrhocephalus extended its distribution from deeper (8-14 m) (Witte et al., 1992) into
shallower waters (Kishe-Machumu, 2012; Kishe-Machumu et al., 2015; Seehausen et al., 1997b; van Rijssel et al., 2017). It also developed
a new feeding strategy by shifting its diet from zooplankton to insects and other larger and tougher prey (Katunzi et al., 2003; Kishe-
Machumu, 2012; Kishe-Machumu et al., 2017; van Oijen and Witte, 1996; van Rijssel et al., 2017). Anatomical changes accompanied
these dietary shifts including a larger cheek depth, and the premaxilla (upper jaw) and a muscle responsible for pharyngeal biting
changed providing greater biting force (van Rijssel et al., 2015; van Rijssel and Witte, 2013; Witte et al., 2008). Molecular genetic work
indicates that the resurgent H. (Y.) pyrrhocephalus has undergone hybridisation with other species living in the same area, including H. (Y.)
laparogramma (Mzighani et al., 2010). It is currently unknown whether this hybridisation was instrumental in providing genetic variation
for rapid morphological evolution in response to a changed diet. A decreased ratio of gut length to body length has also been observed
and this could also be associated with the new diet (Kishe-Machumu, 2012). Another major morphological change observed was a
decrease in head-caudal peduncle region size, regarded as a possible adaptation to escape Nile Perch predation (van Rijssel and Witte,
2013). Finally, the gill surface areain H. (Y.) pyrrhocephalus has increased (van Rijssel, 2014; van Rijssel et al., 2016; Witte et al., 2008) over
a period consistent with increased eutrophication resulting in lower dissolved oxygen levels (Wanink et al., 2001). However, during the
2000s, oxygen levels increased again and the gill surface area of this species has correspondingly decreased (van Rijssel et al., 2016).
As suggested above it is not certain yet what fraction of the observed behavioural and morphological changes are a product of heritable
change, perhaps mediated by hybridisation and phenotypic plasticity. Nevertheless, the species appears to have adapted to change
providing hope that other species are also able to do so in response to the significant ongoing environmental changes in Lake Victoria.

Fishes that “fall from the sky with rain”
Nagy, B."' and Watters, B.?

The colourful Killifishes of the genus Nothobranchius
inhabit relatively small ephemeral bodies of water in river
drainages of eastern and south-eastern Africa. The genus
currently comprises 76 species and a few more undescribed
populations. They are recognised as annuals, inhabiting the
seasonally arid savannah biome, and their life cycle (Figure
4.28) is geared to the periodic drying up of their natural
habitats, typically seasonal pools, rivers and swamps.
The development of the fish is very rapid in order to reach
sexual maturity within the shortest period of time during a
rainy season. The adult fish deposit eggs into the muddy n-il'.qu\ dults di
substrate of the habitat, where they survive the dry season, dry season /' habitat

while undergoing development with intervening rest periods. vrew g5t -
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viability of the eggs through the dry season (Watters, 2009).

Since the survival of the population must be secured during

the relatively brief period of a single rainy season, the eggs

must be ready to hatch as soon as the rains fill the habitats with

WA Whgn the rainy season ar.rlves, the rl.vers overflow their Figure 4.28 Diagrammatic representation of the annual life cycle of
banks and inundate the floodplains, the buried eggs hatch and Nothobranchius fishes. All inset photographs © Brian Watters except
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Nothobranchius species show marked sexual dimorphism and are highly dichromatic; the typically elaborately pigmented,
colourful males contrast with the slightly smaller and dull-coloured females. Nothobranchius species generally show little
intra-specific morphological variation. They are small fishes, most species reaching 30-70 mm in standard length, with only a
couple of species reaching 10 cm or more. The genus has, in recent years, gained particular interest as it includes N. furzeri, the
vertebrate species with the shortest lifespan recorded in captivity, and which has emerged as a model organism for biological
and molecular studies of ageing.

The diversification of Nothobranchius exhibits interesting aspects across the Lake Victoria Basin. Of the five formally described
species known to inhabit the area, two have been relatively recently described, both of them endemic to the drainage basin
of the lake: N. sagittae, Wildekamp, Watters & Shidlovskiy, 2014 (Figure 4.29), from the Grumeti and the lower Mbalageti
drainages, and N. serengetiensis Wildekamp, Watters & Shidlovskiy, 2014 (Figure 4.30), from the Grumeti, lower Mbalageti,
Duma, Simiyu and Mata river drainages (Wildekamp et al., 2014). The known ranges of these two species overlap in part, in that
they are known to be syntopic at a location in the Tarime River system, a tributary of the Ruwana in the Grumeti drainage, where
an undescribed species, generally referred as N. sp. ‘Lake Victoria’ was also found to be present. Additional species known
from the drainage of Lake Victoria are N. robustus, N. cf. taeniopygus and N. ugandensis.

Due to the fact that these fishes seem to appear “out of nowhere” in small wetland pools as soon as the seasonal rains
return, local people often refer to the legend that they “fall from the sky with rain”. However, the fact that they inhabit small
temporary wetland habitats (e.g. Figure 4.31), makes them highly vulnerable because those habitats are frequently cultivated
for agriculture during both the dry and wet seasons (e.g. for rice cultivation), thereby modifying the habitats in ways that render
them unsuitable to support the Nothobranchius life cycle. Nothobranchius sagittae is assessed as Endangered (EN), whereas
N. serengetiensis is evaluated as Near Threatened (NT). Considering their unique life cycle and the fact that both species
are known from a relatively restricted distribution area, the increasing pressure on land resources will continue to raise their
vulnerability in terms of conservation status.
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Figure 4.29 A male of the endemic Nothobranchius sagittae, Figure 4.30 A male of the endemic Nothobranchius serengetiensis,
Endangered (EN), caught at the type locality within the Mbalageti Near Threatened (NT), caught at the type locality east of Mwanza,
River drainage, Tanzania. © Brian Watters Tanzania. © Brian Watters
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Figure 4.31 Type locality of Nothobranchius serengetiensis - a very shallow pool in a roadside drainage depression near the village of
Nyalikungu, east of Mwanza, Tanzania. © Brian Watters
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5.1 Introduction pre-dating the growth in the human population that the

region has seen. At present, most ponds and rivers of the
In the original continental African review of the status of  Basin are thought to contain only a small number of pollution-
freshwater biodiversity, Darwall et al. (2011) recognised resistant molluscs that are intermediate hosts of Schistosoma
Lake Victoria as one of the hotspots for freshwater mollusc  and other parasites hazardous to human and animal health.
diversity in Africa. This chapter provides an overview of However, within the isolated crater lakes of western Uganda
changes since the first review (carried out in 2005-2006), and the high altitude Aberdare mountain range in Kenya a
but it is notable that there is remarkably little new survey data number of endemic species occur, but these lie just outside
from the last decade, in spite of the changing environment the Lake Victoria Basin as defined for this report.
and known threats, providing little further insight into the
nature and character of the malacofauna of the region. By contrast, the malacofauna of Lake Victoria itself is highly

species rich and contains many endemics. This lacustrine
The perennial ponds and rivers that belong to the Lake  fauna was quite intensively sampled during the second half of
Victoria Basin have low mollusc diversity, with mainly  the 19th century by early malacologists and investigations
pulmonate genera, such as Bulinus, Biomphalaria, Radix and continued during the first half of the 20th century, as the
Ceratophallus. With the exception of Pila ovata (Figure 5.1), Danish malacologist, Georg Mandahl-Barth, sampled
other species from the Prosobranch families are absent, as extensively on the Ugandan and Kenyan side of the lake
are freshwater bivalves. This remarkably low species diversity increasing the number of known morphotypes from
was already a common feature in the 19th century surveys approximately 35 to 70. In his monograph Mandahl-Barth
when the first collections were made. Only the flat north- wrote: “Of the forms new to the territory no less than
eastern region near Kisumu in Kenya contains a relatively  approximately half are new to science. There is reason to
richer malacofauna with an endemic species (Bulinus browni believe that there are still many more to be discovered”
from the Kano Plains). This was the situation prior to 1990, (Mandahl-Barth, 1954).

" Laboratory of Palaeontology, Department of Geology and Soil Sciences, University of Ghent, Krijgslaan 281/S8, B-9000 Ghent, Belgium

2 Glebe House Cottage, Exbourne, Okehampton, Devon, EX20 3RD, UK

8 Climate Change Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,
Pembroke Street, Cambridge, CB2 3QZ, UK
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Figure 5.1 Pila ovata, Least Concern (LC), collected from
Kisumu Bay, Kenya in 1957. © Guido & Philippe Poppe (www.
conchology.be)

During the next 40 years, ecological research on Lake Victoria
virtually ground to a halt due to major political unrest and
collapse of the scientific research infrastructure. At the same
time the lake was hit by several major ecological disasters:

B introduction of the omnivorous Nile Perch (Lates niloticus)
associated with the severe decline of endemic cichlids
(see Chapter 4);

increasing frequency of algal blooms and Water Hyacinth
(Eichhornia crassipes) expansion (see Chapter 7: Species
in the Spotlight - Water Hyacinth (Eichhornia
crassipes));

since the 1980s, a massive increase in input of raw
sewage, agricultural run-off and silt, associated with the
dense human settlements along the lake shores; and
since the 1990s, uncontrolled use of molluscides to
control bilharzia vectors (Kristensen and Brown, 1999).

All of these factors have created an ongoing cycle in the lake
of increased eutrophication, siltation and toxification by
agro-chemicals.

Malacological investigations on Lake Victoria increased again
around the beginning of the 21st century but remained
restricted to a few molecular studies on taxonomy of the
genera of medical interest (Bellamya, Bulinus and
Biomphalaria) and to a few field surveys covering a limited
number of sampling stations. Though the renewed
malacological research on Lake Victoria is decidedly
insufficient to form an adequate picture of the present status
of the molluscan fauna of the lake, it does show a downward
trend as molluscan species richness has markedly declined
since the 1950s.

66

One of the reasons that we have seen a decline in species
richness for this region is a change in the types of taxonomic
tools available to review the status, diversity and variability of
the mollusc faunain the region (see Species in the Spotlight
- Species complexes in the Lake Victoria Basin, this
chapter). Even as late as the second half of the 20th century
molluscan taxonomy was traditionally based on differences
in shell characteristics (Brown, 1994), with many of the
original species descriptions using conchological
characters, sometimes supported by anatomical characters.
However, in the last two decades, molecular data have
become available, and are currently considered to be at least
as equally valid, if not more so. Molecular data have led to
suggestions that many taxa previously considered distinct
species are in fact ecophenotypic morphs of the same highly
variable species (Sengupta et al., 2009). The genetic
homogeneity, contrasting with the variable morphology,
should not come as a total surprise, considering the young
age of the lake itself and that of the waters in this equatorial
basin. Whilst molecular research has been conducted on the
freshwater gastropods (e.g. the genera Bellamya,
Biomphalaria and Bulinus), there is not, as yet, any research
on the freshwater bivalves of Lake Victoria and therefore, it is
unclear how many species will remain after similar
investigations are carried out on other families.

It is, however, important to note that the changing data on
species richness due to taxonomy does not mean that the
molluscan fauna has escaped impact from the deteriorating
ecological conditions. As can be seen in the following
section, a number of species and genera are becoming
rare or restricted. Molluscs of two habitat types seem to
be most affected. Firstly, deep water species, such as the
larger Unionid bivalves, in particular Mutela (e.g. Figure 5.2)
and Chambardia, have been impacted, probably due to the
increasing hypoxic conditions and the increased amounts of
organic material in the sediments. Secondly, those species
that occur in shallow waters amongst aquatic vegetation
have declined. Two species of the small gastropod genus
Ceratophallus and the small bivalve of the genus Eupera, all
restricted to the northern part of the lake, are thought to have
been negatively affected by pollution and are now possibly
extinct. Since the 1980s, this region has become densely
populated (the population of Kampala is presently around
1.5 million (Uganda Bureau of Statistics, 2016)) and spills
unpurified urban and industrial pollutants into the lake. This
polluted water mass is captured in a shallow, strongly incised
zone, which is cut off from the open lake waters by strings of
islands.

Also remarkable is the homogenisation of the malacofauna,
as formerly different morphotypes of species become less
distinct from each other. This is probably a product of the
lake bed becoming increasingly more homogenous.



Figure 5.2 Mutela bourguignati, Near Threatened (NT),
collected at Kigungu landing site, Uganda in 2016. © Guido &
Philippe Poppe (www.conchology.be)

Not a single species was recorded as becoming extinct
during the period of the earliest collections (1860s) to Mandahl
Barth’s major survey in the early 1950s. The presently ongoing
extinction event probably started around 1990. However,
since no monitoring has been undertaken since the 1990s, the
start of this extinction event will remain uncertain.

Given the situation described above a serious effort should
be made to map the distribution of the molluscan species
that still occur in the lake and research the size of the
remaining populations. Since molluscs do not move across
freshwater systems like some other taxonomic groups
(such as dragonflies), monitoring of the current populations
will provide the most accurate view of how the aquatic
ecosystem is evolving in a particular location in the lake.

5.2 Red List assessments

It may be somewhat surprising that the majority (30 species,
60.0%) of the species of freshwater mollusc that occur in
the Lake Victoria Basin are classified as Least Concern
(LC; Figure 5.3, Table 5.1), especially when compared with
results for continental Africa where only 34% of freshwater
molluscs were listed in this category (Darwall et al., 2011).
There are two explanations for this high percentage of
species with a low relative extinction risk: the first relates
to the habitats of the Lake Victoria Basin, and the second
relates to recent changes in taxonomy. Firstly, Lake Victoria
has a large surface of shallow waters in comparison with
other rift lakes that have only what has been termed a bath
tub ring with oxygenated shallow waters and aquatic plant
growth. Lake Victoria possesses a broad rim of shallow
water with extensive aquatic plant growth, and the tropical
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basin equally abounds with swamps and smaller pools.
Such an environment is highly favourable for pulmonates,
many of which have a pan-African distribution, while others
either reach their southern or northern limit in this equatorial
region. Overall, these species are generally widespread
and at low relative risk of extinction. Secondly, in recent
years the number of species considered to be endemic
to the Lake Victoria Basin (gastropods (both pulmonates
and prosobranchs) as well as bivalves) have dropped as
molecular-taxonomic research has demonstrated that many
of these lacustrine endemics, although morphologically
distinctive, are genetically inseparable from the widespread
species that originally invaded the lake (see Species in
the Spotlight - Species complexes in the Lake Victoria
Basin, this chapter). Therefore, species that were previously
considered restricted (and were more likely to meet the
criteria for the threatened categories) are now considered
more common and widespread. Eighteen species of
freshwater mollusc are currently considered endemic to the
Lake Victoria Basin (Table 5.1).

Despite the relatively high number of species assessed as
LC, the number of threatened species within the basin is,
however, substantial, as 25.5% of all freshwater mollusc
species (excluding species assessed as Data Deficient, DD)
are considered threatened (Figure 5.3, Table 5.1) compared
t0 29.0% for Pan-Africa (Darwall et al., 2011). It is even more
striking that most of these threatened species belong to
the categories Critically Endangered (CR; seven species,
14.0%) and Endangered (EN; four species, 8.0%) (Figure
5.3, Table 5.1). The malacofauna of the basin and of the lake
can be split in two main parts: i) a high number of ubiquitous,
tolerant species, which are presently dominant and; ii) a
quite sizeable number of highly threatened endemics. Eleven
out of the 12 threatened species are endemic to the basin
(Table 5.1). The percentage of DD species (6.0%; Figure 5.3,

DD
6.0%

CR 14.0%

EN 8.0%

LC 60.0% VU 2.0%

NT 10.0%

Figure 5.3 Proportion (%) of freshwater mollusc species native
to the Lake Victoria Basin in each Red List Category. For a list of
species and their Red List Categories and Criteria please see
Appendix 1.



Table 5.1 Number of freshwater mollusc species native to the Lake Victoria Basin in each Red List Category. For a list of species and their Red List

Categories and Criteria please see Appendix 1.

Number of species

Number of species endemic to
the Lake Victoria Basin

IUCN Red List Category
Extinct (EX)

Extinct in the Wild (EW)
Critically Endangered (CR)

Bivalves

Critically Endangered (Possibly Extinct) (CR(PE))

Gastropods

All molluscs Bivalves Gastropods | All molluscs

Vulnerable (VU) 1 0 1 1 0 1
Near Threatened (NT) 1 4 5 0 2 2
Data Deficient (DD) 1 2 3 0 1 1
Total 18 32 50 7 11 18

Table 5.1) is low compared to the continental African figure
(30.0%; Darwall et al., 2011) suggesting levels of knowledge
on freshwater molluscs are higher in the basin than across
the continent.

5.3 Patterns of species richness
5.3.1 Overall species richness

Species diversity is considerably higher in Lake Victoria than
in the rest of the basin (Figure 5.4). This is primarily due to the
sizeable number of prosobranchs and bivalves in the lake —
these are absent from the rest of the basin with the exception
of P. ovata and some sphaeriids. This geographic variation in
species richness was already observable in the middle of the
20th century and is hence not the result of aquatic pollution
(see 5.4 Major threats). Instead it indicates that the rivers and
smaller lakes and pools in the Lake Victoria Basin are
ecologically unsuitable for large groups of freshwater
molluscs. The dominance of air-breathing snails indicates
that the waters in this tropical basin probably become hypoxic
during part of the year. The lowest species richness (rivers
with three to nine recorded species) coincides with the
headwaters of rivers (Figure 5.4), which are mainly small and
seasonal.

Growth of the human population and the equally strong
expansion of agriculture is negatively affecting species
diversity of the malacofauna in Lake Victoria itself, as well as
in the rest of the basin. The species richness values provided
in Figure 5.4, being based on inventories from when the waters
were still subject to relatively low human impact, are most likely
an overestimation. It is also likely that in areas immediately
bordering the lake, which are highly populated and severely
polluted, species richness has been most severely affected
and may in fact have declined to only three to six species.
Surveys are required to elucidate the current distributions of
species previously known to occur in these areas.
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5.3.2 Threatened species richness

Considering only those threatened species that are extant
in the Lake Victoria Basin (i.e. excluding the six species that
are marked as Possibly Extinct (PE); Table 5.1), all but one are
considered endemic to Lake Victoria itself. The exception is
Sphaerium regularis, for which there are records immediately
to the north of the lake near Jinja and Entebbe, both in
Uganda (Seddon et al., 2017).

Looking in detail at species distributions in Lake Victoria
itself (Figure 5.5) all species native to the lake assessed as
threatened are concentrated at the northern side (although
there are uncertain records of Coelatura cridlandi from the
south of the lake). There are six threatened species (three
gastropods and three bivalves) native to the lake and still
thought to be extant. Three of these species (Ceratophallus
crassus, Cleopatra cridlandi and Sphaerium regularis) have,
however, not been collected since the 1950s. Two species
(Coelatura alluaudi and Ferrissia kavirondica) were still
present at the beginning of the 21st century. All of these
species were already rare to very rare at the time of their
discovery. Since the northern region bordering Lake Victoria
is the most densely populated and the most heavily polluted
(by untreated urban and industrial sewage and agricultural
run-off), the threat to these rare species is increasing.

Five lacustrine species endemic to Lake Victoria (Figure
5.6), which were already rare and localised in the mid-20th
century, have probably become extinct and are assessed as
CR(PE). Pollution is likely to have resulted in their extinction.

The viviparid Bellamya phthinotropis is a thin-shelled inflated
form that was mainly found in deeper channels close to
the lakeshore. The regions where it occurred, namely
Murchinson Bay to the south of Kampala, between the coast
and the archipelago south of Bukoba, and at the mouth
of the Speke Gulf near Mwanza (Figure 5.7) are the most
polluted areas in the lake (Van Damme and Lange, 2017a).
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Figure 5.4 Richness of freshwater mollusc species in the Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant)
and therefore, excluding species assessed as Critically Endangered (Possibly Extinct) (CR(PE)). Richness data are classified
using quantiles.

A Danish research team doing molecular research on the are now heavily polluted, the species is probably extinct
endemic Bellamya clade in Lake Victoria during the late 1990s (Langeetal., 2017).
searched intensively for this species but failed to recover live
specimens (A. Jorgensen pers. comm., 2012). Finally within Lake Victoria itself, the sphaeriid Eupera
crassa, an uncommon species known from the polluted
The pulmonates Ceratophallus subtilis and C. concavus northern part of the lake, has not been found since it was first
are small species (diameters of 4.5 mm and 3.5 mm, discovered (Mandahl-Barth, 1954; Seddon et al., 2016).
respectively) that were restricted to the northern littoral area
and the start of the Victoria Nile. They have only been found The sixth CR(PE) freshwater mollusc, which does not occur
by Mandahl-Barth (1954) who described them, and have in Lake Victoria itself and is, therefore, not included in Figure
not been mentioned by later researchers. Ceratophallus 5.6, is Gabbiella barthi. This small planorbid is known only
subtilis seems to have occurred mainly in deeper waters, a from the type specimen collected in the 1980s from the
zone in which deposition of polluted organic mud coupled Kano Plains to the north-east of Lake Victoria, an area which
with increasing temperatures may cause seasonal hypoxic has since undergone vast agricultural development (Van
conditions, and C. concavus was collected under stones, a Damme and Lange, 2017d). The habitats may no longer be
habitat which can rapidly become anoxic and clogged with suitable for this species, hence it is considered CR(PE).
detritus in polluted regions (Van Damme and Lange, 2017b,
2017c). 5.3.3 Endemic species richness

The freshwater mussel Aspatharia divaricata was discovered Endemism in the basin is virtually exclusively restricted to
at the mouth of the Simin River in Speke Gulf in the late 19th the lake itself, with some limited extensions into the mouths
century (Von Martens, 1897) and later by Mandahl-Barth of tributaries (Figure 5.8). In this study, we consider 18
(1954), but appears to have been already very rare and species to be endemic to the Lake Victoria Basin (Table
localised at these times. Considering that these two localities 5.1), but the exact number of endemic mollusc species in
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Figure 5.5 Detailed in-lake distributions of the freshwater mollusc species assessed as threatened, based on spatial data
coded as Presence 1 (Extant) and therefore, excluding species assessed as Critically Endangered (Possibly Extinct)
(CR(PE)).
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Figure 5.6 Detailed in-lake distributions of the freshwater mollusc species assessed as Critically Endangered (Possibly
Extinct) (CR(PE)), based on spatial data coded as Presence 4 (Possibly Extinct).
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Figure 5.7 Steep turbidity gradient in waters at the Speke Gulf,
Tanzania. © Ole Seehausen

the basin remains a subject of discussion (see Species in
the Spotlight — Species complexes in the Lake Victoria
Basin, this chapter).

5.3.4 Data Deficient (DD) species richness
There are only three Data Deficient (DD) species in the Lake

Victoria Basin, namely two gastropods (Bellamya trochlearis
and Cleopatra guillemei) and one bivalve (Chambardia

trapezia) (Table 5.1) and based on the current understanding
of their distributions, the greatest richness of these species is
within Lake Victoria itself and between the east and south of
the lake (Figure 5.9). However, for all of these species, a lack
of understanding of the true distribution has resulted in an
assessment of DD.

Bellamya trochlearis is a Lake Victoria endemic. Looking at
the molecular results with regards to taxonomy (Sengupta
et al., 2009), some subpopulations are genetically nearly
identical with those of the Bellamya constricta complex
while others are more distinctive. This has resulted in
misidentifications of the species and misinformation about
its present range, to such a degree that its risk of extinction
cannot be reliably evaluated (Van Damme and Lange, 2017¢).

Cleopatra guillemei does not occur in the lake itself but in
seasonal pools and streams near the lake, and there are also
records from some rivers in north-west Tanzania and south-
west Kenya. However, the taxonomy of the genus Cleopatra
is extremely confused, and it is not clear if all of these records
refer to the same species. Combined with the knowledge that
a number of the localities are under severe threat but we do
not know how these are impacting the species, a DD status is
warranted (Van Damme and Lange, 2017f).
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Figure 5.8 Richness of freshwater mollusc species endemic to the Lake Victoria Basin, based on spatial data coded as
Presence 1 (Extant) and therefore, excluding species assessed as Critically Endangered (Possibly Extinct) (CR(PE)).
Richness data are classified using quantiles.
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Figure 5.9 Richness of Data Deficient freshwater mollusc species in the Lake Victoria Basin, based on spatial data coded
as Presence 1 (Extant). Richness data are classified using quantiles.

Finally, Chambardia trapezia (Figure 5.10) is known from
Lakes Victoria, Albert and Kyoga, but there is no additional
distribution information available, including on its habitat.
It was already considered uncommon in the 1990s and we

Figure 5.10 Chambardia trapezia, Data Deficient (DD), collected
in Entebbe at the Gerenge landing site in 2016. © Guido &
Philippe Poppe (www.conchology.be)
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have no further data on the population since. Given this lack
of information, a DD status is assigned (Van Damme and
Seddon, 2017).

5.4 Major threats
5.4.1 Pollution

No shallow lake ecosystem like Lake Victoria can survive
being impacted by the quantities and diversity of pollution that
it receives. The spread of urban, industrial and agricultural
areas around the lake is uncontrolled, and each of these
is polluting the lake. Based on the Red List assessments,
pollution is a threat to half (25 species) of the mollusc species
native to the Lake Victoria Basin.

First of all, there is pollution resulting from demographic
growth around the lake. In 2005 the Lake Victoria Basin
had a population of 30 million people and the population
growth rate of the riparian municipalities of Kenya, Tanzania
and Uganda was six percent per year, which was one of the
highest in the world (Kayombo and Jorgensen, 2005). The
large cities, towns and villages in the basin generate raw
waste (Figure 5.11), which is spilled untreated into the lake,
and these settlements also claim the wetlands surrounding



the lake that previously acted as a natural filter (Shadrack
et al., 2015). The pollutant load into the lake from urban
wastewater and runoff was estimated at 17,938 tonnes per
year of biochemical oxygen demand, 3,505 tonnes per
year of total nitrogen, and 1,624 tonnes per year of total
phosphorus (COWI Consulting Engineers, 2002).

Pollution from domestic and urban waste water is coded as
a threat to 44% (22 species) of mollusc species in the basin.
The main problem that these elevated human concentrations
pose is the increasing eutrophication in the lake. Gerald
Sawula, deputy executive director of Uganda’s National
Environment Management Authority, is quoted by Achia
(2013) as follows: “Murchison Bay, the lake’s northerly inlet on
which the nation’s capital, Kampala, sits, is becoming a dead
zone. The water has become thick from effluent that is being
discharged directly into the lake because the wetlands that
used to filter it have all been destroyed by developers”.

Pollution from agricultural and forestry effluents is coded
as a threat to 48% (24 species) of mollusc species in the
basin. The strongly increased farming activity around
the lake is causing run-off of silt polluted with pesticides
and fertilisers. Approximately 300 different pesticides are
available in Uganda. USAID-funded IPM CRSP research
found that the majority of farmers were aware of the negative

Figure 5.11 Water pollution in the Kibera slums of Nairobi,
Kenya (east of the Lake Victoria Basin). © Christine Olson (CC
BY-ND 2.0)

Figure 5.12 Small-scale gold mining at the Kadeo Gold Mine,
Tanzania. © Steve Aanu via The International Institute for
Environment and Development (CC BY-NC 2.0)

effects of pesticides, but only 38% knew about the harmful
effects of indiscriminate pesticide application, and reported
spraying a mixture of pesticides up to 32 times per season
(USAID, 2015). In water and aquatic sediments in the basin,
as well as in Nile Perch from the lake, high concentrations of
pesticides were found (Madadi, 2012; Ogwok et al., 2009),
with dieldrin and aldrin concentrations five times higher than
the recommended WHO values for drinking water (Madadi,
2012; Ogwok et al., 2009; WHO, 1984). In addition, since
stocks of Nile Perch and Nile Tilapia (Oreochromis niloticus)
are dramatically declining, and although the extent of use is
uncertain, fishermen have also been reported using poisons,
such as dieldrin, to paralyse fishes to increase their catch
(Achia, 2013), further increasing concentrations in the water.

There are discharges from industry and mining around
the lake. Pollution from industrial and military effluents is
coded as a threat to 30% (15 species) of mollusc species
in the basin. These activities change in composition from
region to region but food processing, textile, leather, paper
production, metallurgy and mining are the primary industries.
Some industries, such as food processing, produce mainly
nutrients, whereas others produce heavy metals such as
chromium (tanneries), copper (metallurgy), or mercury (gold
mines; Figure 5.12) that are extremely toxic for molluscs
(e.g. Oguttu et al., 2008). The pollutant load into the lake
from industries was estimated at 5,606 tonnes per year of
biochemical oxygen demand, 414 tonnes per year of total
nitrogen, and 2,342 tonnes per year of total phosphorus
(COWI Consulting Engineers, 2002).

In parts of East Africa, various molluscides have been used
to control bilharzia vectors, but it is uncertain to what degree
these have been used in Lake Victoria, and what the effects
have been on the native species (Kristensen and Brown,
1999).



5.4.2 Invasive species

The invasive Nile Perch is omnivorous, and in young Nile
Perch of the intermediate size classes 26-30 and 31-35 cm
the stomach content consists of 10-11% of molluscs (Kishe-
Machumu et al., 2012). It is not thought that such a degree of
predation constitutes a significant direct threat to mollusc
populations. However, the major impact of the introduction
of this fish is that a multinational fishing industry has
become established, exporting Nile Perch around the world
(USFWS, 2012). In the past, the destruction of the woods
surrounding the lake for firewood to smoke Nile Perch led to
an increase in the eutrophication and siltation of the lake’s
sublittoral waters. It is not clear to what extent deforestation
to provide fuel for smoking is still an issue today because
much Nile Perch is now exported frozen (Anderson, 2016).
The Nile Perch fishery has also significantly increased
the degree of human habitation along the shores and
hence, further increased eutrophication and pollution. The
indirect impact of the introduction of Nile Perch on mollusc
populations, by changing the lakes fishery from a locally
important factor to an international industry with an impact
on human demographics, eutrophication from the food
industry, erosion, siltation and destruction of wetlands and
woods, must therefore be considered as significant for the
malacofauna of the Lake Victoria Basin (UNDP et al., 2000).

The estimated timing of the main decrease in molluscan
diversity in Lake Victoria (in the 1990s) seems to coincide
with the bloom and then sudden destruction of the invasive
Water Hyacinth (Figure 5.13), which is discussed in Chapter
7: Species in the Spotlight - Water Hyacinth (Eichhornia
crassipes). Pollution research has demonstrated that
the layer of organic rotting aquatic vegetation that forms
beneath Water Hyacinth mats is so waterlogged and light
that it tends to float above the mineral sediment as a toxic
anoxic cloud, destroying the endobenthic and benthic life
below it (Govaere et al., 1980; Muyodi et al., 2004). While
fishes and decapods can escape such deadly zones,
molluscs, particularly bivalves, are too slow to move and die.
The decline or possible extinction of sublittoral molluscan
species, such as Ceratophallus subtilis and C. concavus,
may have been caused by such a phenomenon. This may
also be the case for species, such as Bellamya phtinotropis
and Coelatura cridlandi, which occur in deeper waters close
to the littoral, because these deeper gullies act as sinks.

5.5 Climate change vulnerability

The climate change vulnerability assessment of the Lake
Victoria Basin’s freshwater molluscs considered 57 species.
Fifteen biological traits, of which 11 related to ‘Sensitivity’

Figure 5.13 Invasive Water Hyacinth (Eichhornia crassipes) at Kisumu Docks in Kenya. © Richard Portsmouth (CC BY-ND 2.0)



Table 5.2 Climate change sensitivity traits used to assess freshwater molluscs, including thresholds used to classify species, and the total numbers
of species falling into each category for each trait. A species can only be classified as having ‘Low’ sensitivity overall if it is not classified as ‘High’ for

any trait, and if there are no missing data values for any trait.

Trait Groups

SENSITIVITY

Traits

Thresholds

MOLLUSCS

Total species = 57

Low

High

Unknown

A. Specialised habitat | Temporary $1: Species is known to depend Low = false; High = true | 53 4 0
and/or microhabitat | freshwater exclusively upon natural freshwater
requirements dependence habitats that are temporary in nature
Habitat $2: Species described (with Low = false; High = true | 51 3 3
specialisation justification) as having specialised
habitat requirements
Microhabitat $3: Species is dependent on one or Low = false; High = true | 47 5 5
specialisation more microhabitats
B. Narrow Tolerance of S4: Average absolute deviation in Average absolute 43 14 0
environmental changes to precipitation across the species’ deviation in precipitation
tolerances or precipitation current range across the species’
thresholds that are regimes historical range: Low
likely to be exceeded = highest 75%; High =
due to climate change lowest 25%
at any stage in the life
cycle Tolerance of $5: Average absolute deviation in Average absolute 43 14 0
temperature temperature across the species’ current | deviation in temperature
changes range across the species’
historical range: Low
= highest 75%; High =
lowest 25%
Tolerance of $6: Tolerance of narrow and extreme | Low = false; High = true | 52 3 2
dissolved oxygen levels of dissolved oxygen (species
changes occurs exclusively in hypoxic (<4 mg/L)
or saturated (>12 mg/L) waters)
Hydrological regime | S7: Species depends on single Low = false; High =true | 53 4 0
dependence hydrological regime that is not
perennial in nature
C. Dependence on a Dependence on $8: Species known to release glochidia |Low = false; High = true | 49 8 0
specific environmental | an environmental | (lasidia; larvae) following a change
trigger that is likely trigger in water temperature and/or water
to be disrupted by chemistry
climate change
D. Interspecific Declining positive | $9: Species depends upon one (or a Low = false; High =true | 55 2 0
interactions which interactions with few) other species for the creation or
could be disrupted by/ | other species essential modification of its habitat
emerge as a result of
climate change
$10: Species depends upon one (or Low = false; High =true | 49 8 0
a few) other species to act as an
intermediate host at some point in its
life-cycle
Increasing negative | S11: Species could experience Low = false; High=true | 0 2 55
interactions with increases in one or more of the
other species following as a result of climate change:
predation, competition, parasitism,
disease, hunting by humans
|
Number of species in each sensitivity classification 0 31 26
Percentage 0% | 54% 46%
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Table 5.3 Climate change adaptive capacity traits used to assess freshwater molluscs, including thresholds used to classify species, and the total
numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’ adaptive capacity overall if it is not
classified as ‘High’ for any trait, and if there are no missing data values for any trait.

Trait Groups

Traits

Thresholds

MOLLUSCS

Total species = 57

LOW ADAPTABILITY Low High Unknown
A. Poor dispersability | Extrinsic barriers to At: Extrinsic barriers to | High = occurs exclusively on 39 10 8
dispersal dispersal mountaintops, small islands and/
or areas where dispersal is blocked
by unsuitable habitat (natural or
anthropogenic) or dams; Low = no
known barriers
Low intrinsic dispersal |A2: Median estimated | Low = >1 km/year; High = <1 km/year | 39 1 7
capacity dispersal distance per
year
B. Poor evolvability Low genetic diversity | A3: Evidence of low High = species shows evidence of 37 4 16
genetic diversity having low genetic variability (e.g. a
or known genetic genetic bottleneck) among all members
bottleneck of the species; Low = no evidence of
low genetic variability
Low reproductive A4: Species reproduces | Low = false; High = true 57 0 0
output < once per year and/or
takes >5 years to reach
sexual maturity
|
Number of species in each adaptive capacity classification 31 14 12
Percentage 54% | 25% | 21%

(Table 5.2), and four to ‘Low Adaptive Capacity’ (Table 5.3)
were considered.

Thirty-one species (54%) are assessed as possessing one
or more traits that make them highly sensitive to climate
change. No species are assessed as ‘low’ in terms of their
sensitivity, and 26 species (46 %) are assessed as ‘unknown’.

Within the Sensitivity analysis, the most commonly poss-
essed traits are inferred low tolerances of temperature
or precipitation changes (Traits S4 and S5), present in 14
species (25%) in both cases, followed by dependence on
a change in water temperature and/or water chemistry to
release glochidia (the larval form of bivalve molluscs) (Trait
S8) and dependence upon one (or a few) other species
to act as an intermediate host (Trait S10), both present in
eight species (14%). Data gaps on the sensitivity of mollusc
species are most common when considering negative
species interactions that may increase as result of climate
change (Trait S11), which are unknown for 55 (96 %) species.

Fourteen species (25%) are assessed as possessing traits
that make them poorly able to adapt to climate change.
Thirty-one species (54%) are assessed as ‘low’ risk in terms
of their adaptive capacity, and sufficient data are unavailable
for 12 species (21%), meaning that they are assessed as
‘unknown’ in terms of their capacity to adapt to change.
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Within the analysis of adaptive capacity, a low intrinsic
dispersal capacity (Trait A2) and the presence of dispersal
barriers (Trait A1) are the most common traits — present in 11
(19%) and 10 (18%) species, respectively. Data on the genetic
diversity of species (Trait A2) are the most lacking, being
unavailable for 16 (28%) species.

Table 5.4 summarises the findings of our exposure assess-
ments, showing that between 36 (63%) (using RCP4.5 for the
2055 period) and 57 (100%) (using RCP8.5 for both time
periods) of the molluscs assessed are expected to be highly
exposed to climate change. Considering the proportions of
species’ ranges that are projected to experience novel
conditions (relative to conditions in each species’ current
range), we calculate that between 42% (RCP4.5, 2055) and
63% (RCP8.5, 2085) of species are expected to ‘lose’ more
than half of their current range.

Overall, total numbers of climate change vulnerable species
range from 10 (18%) to 12 (21%) for both RCPs under
the 2055 and 2085 timeframes, respectively, and under
an optimistic assumption of missing data values. These
numbers increase to 12 (21%) and 13 (23%), respectively,
when missing data values are treated pessimistically.

In terms of the distribution of climate change vulnerable
molluscs across the Lake Victoria Basin (using RCP8.5 for



Table 5.4 Total numbers (and percentage of all species assessed) of
freshwater molluscs considered highly exposed to climate change under
both timeframes and Representative Concentration Pathways (RCPs)
considered. Upper row shows numbers derived following the methods of
Foden et al. (2013) (see Chapter 2), and lower row shows numbers for
which >50% of their current range is projected to experience climatic
conditions not currently present anywhere in their range.

RCP4.5 RCP8.5
2055 | 2085 | 2055 | 2085
Numbers (and percentages) 36 57 38 57
of climate change exposed (63%) |(100%)| (67%) |(100%)

species, following the methods
of Foden et al. (2013)
Numbers (and percentages) 24 26 27 36
of species for which >50% (42%) | (46%) | (47%) | (63%)
of their ranges are projected
to experience entirely novel

conditions

the 2055 period), the greatest numbers (three species per
grid cell) are found at the northern periphery of the basin, in
a few small areas close to Kampala (Figure 5.14). Numbers
decline to two species per grid cell in the area south-west
of Kampala (around the border of Kenya and Uganda), and
then to one species per grid cell across much of the south-
eastern Lake Victoria Basin, in areas typically away from the

main lake itself. At most other locations in the Lake Victoria
Basin no climate change vulnerable mollusc species are
thought to be present. This equates to around 1-14% of the
mollusc species present at most of the locations described,
but reaches up to 25% of species present in areas in the
eastern, south-eastern and southern peripheries of the
basin (Figure 5.15).

5.6 Recommended research and
conservation actions

There has not been any lake-wide, let alone basin-wide,
investigation on the malacofauna of Lake Victoria since the
1950s, before the major threats discussed in this chapter
started. Hence, we possess insufficient information on:
i) which mollusc species are still occurring in the lake and
basin; ii) their present distributions; iii) their current
population sizes; and iv) their vulnerability to threats within
the region. A systematic monitoring programme that covers
all countries of the basin, repeats surveys between seasons,
and identifies individuals to species level (identification of
smaller bivalves is often only to genus level at present) is
required to provide these data. An updated identification
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Figure 5.14 Richness of climate change vulnerable freshwater molluscs (using RCP8.5 for the 2055 period). Richness data are

classified using quantiles.
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Figure 5.15 Proportion of all freshwater mollusc species that are climate change vulnerable (using RCP8.5 for the 2055 period).
Richness data are classified using quantiles.

guide for the malacofauna is also recommended to aid in the
latter point.

Since the composition and diversity of molluscan comm-

unities, due to their sedentary character, can be considered
as an excellent ecological indicator for the state of health of
the ecosystem in a certain part of the lake or basin, the
research proposed above has a wider significance beyond

freshwater molluscs.

It is suggested that specific research actions include:

Targeted distributional surveys for species considered to
be possibly extinct, threatened and DD to determine their
continued presence at last known sites and other suitable
habitats in the region.

Dredge-based surveys of deeper waters for all species
during different seasons, to establish the distributions and
diversity of the malacofauna. It is necessary to dredge
deep waters in order to survey the larger bivalve molluscs.
Dredged silt should also be tested for heavy metals and
other pollutants, which are a key threat to molluscs.
Taxonomic research on the status of the freshwater
bivalves and prosobranch families to determine the

status of these species. It is very important from a
conservation perspective to possess information, via
molecular studies, about the validity of the endemic Lake
Victoria species. At present it is not clear whether many
of the species currently considered to be Lake Victoria
endemics are true species or just ecophenotypic forms of
more widespread species.

Figure 5.16 Ex situ conservation of freshwater molluscs. © G.
Peeples via U.S. Fish and Wildlife Service Southeast Region (CC BY 2.0)
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The literature abounds with recommendations concerning
conservation. However, it is too late to alter the present
demographic and socio-economic developments in the
Lake Victoria Basin, apart from at a rate too slow to alter the
negative ecological trends that are clearly visible at present.
Therefore, it is recommended that subpopulations of the

Species in the Spotlight

Species complexes in the Lake Victoria Basin
Van Damme, D.!

Recent molecular research (Sengupta et al., 2009) appears
to contradict the notion that mollusc species richness in
Lake Victoria is very high, concluding that some species
clades, such as that of Bellamya (e.g. Figure 5.17),
consist of subpopulations that although morphologically
distinguishable are not (or are hardly) genetically distinct,
and hence are either just varieties of a single species or
at best a group of fledgling species. A caveat should be
added here to note that traditional molecular research
on families such as the Viviparidae was unable to make
a distinction between species that had already been
separated for millions of years (e.g. representatives of the
genera Bellamya and Neothauma) and that some of the
molecular studies from around the start of the 21st century
may need revision.

It may be some time before contradictions between
traditional taxonomy, based primarily on conchological
characters, and molecular taxonomy are satisfactorily
solved. For a number of ‘endemic’ species of Lake Victoria,
such as Ceratophallus concavus or C. subtilis, such
a compromise will come too late anyway, since these
Victorian ‘species’, with many others, will probably have
already gone extinct.

threatened endemic mollusc species are conserved ex situ
in artificial ponds (Figure 5.16) until ecological conditions in
the lake improve considerably. However, for such actions to
be taken insights are required on the ecology of the species
involved. At present, much of this knowledge is also lacking
and requires further research.

Figure 5.17 Bellamya trochlearis, Data Deficient (DD), endemic to
Lake Victoria and collected from Bukoba, Tanzania in 2016. © Guido &
Philippe Poppe (www.conchology.be)

In this project most forms that are considered in traditional taxonomy as endemic species were retained but queries about their
validity were clearly stated. A number of forms that were traditionally considered as endemic species but on which a consensus has
been reached that they are probably just morphotypes, are here considered as synonyms. This is the case for the following species:

The previously endemic species Bellamya constricta, B. costulata and B. jucunda are morphologically virtually identical

and genetically completely indistinct to the non-endemic B. unicolor. Here, the former three species and the Lake Victoria
subpopulation of B. unicolor are assessed as the Bellamya constricta complex (Van Damme and Lange, 2017g).
Bulinus globosus and B. ugandae have been shown to genetically overlap. They are therefore assessed as the Bulinus

globosus complex (Van Damme and Lange, 2017h).

Bulinus truncatus, B. tropicus, B. transversalis, B. natalensis and B. trigonus cannot be genetically separated. They are
therefore assessed as the Bulinus truncatus complex, named as such because B. truncatus is the oldest name (Van Damme

and Lange, 2017i).

While several malacologists stated in the past that Lake Victoria was a living laboratory of evolution, this is no longer the case,
in the sense that the trend of morphological diversification, an initial step towards speciation, seems not only to have halted but
reversed for molluscs. It would be interesting to compare the degree of morphometrical diversity between subpopulations of
Lake Victoria genera that existed around the middle of the 20th century and those that exist at present.

T Laboratory of Palaeontology, Department of Geology and Soil Sciences, University of Ghent, Krijgslaan 281/S8, B-9000 Ghent, Belgium
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Chapter 6

The status and distribution of dragonflies
and damselflies in the Lake Victoria Basin

Clausnitzer, V.\, Kipping, J.2, Dijkstra, K.-D. B.% and Carr, J.A.*

B.1 INEFOTUCTION ..ttt kb btttk ekt b e H ke h £ H b€ e h b4 Rt £ e s b b4 e bt etk e bt e bbbt e bttt h bttt 82
8.2 REA LIST @SSESSIMENTS ...ttt ettt ettt et h bt H et bt b e e H b e h b ekt ee 2 btk e bt e bt R e b E Rt h bbbttt ettt 83
6.3 PatterNS Of SPECIES MCNNESS ...ttt h e h bt s ekttt b ekt b bbb e bbb bbb bt st e sttt ettt nbe et an 84
B.3.1 OVETall SPECIES MICNNESS ...ttt ettt bbbt bt h e bbbttt e h ekttt ekt b e e bbb e bt e bbbt eee 84
6.3.2 TRreatenNed SPECIES NCNNESS ....c.utiiiiii ittt bbbt h bt h e h ekttt h ekttt b btk e bt bbb e bt et 84
6.3.3 ENAEMIC SPECIES MICNNESS ...ttt ettt b f bt bt h e bttt h ekttt et bt bttt ekt ettt et e bt s 87
6.3.4 Data Deficient (DD) SPECIES MHCINESS ... ..cuiiiiiiiiiiiet ittt bbbt bbbttt b ekttt h bbbt et eae ettt et en 87

B.4 IMBJOT TNMEALS ...ttt ettt b bbb oot e H e E Lot e bk e bt e bkt ekt E Rk h bbbttt
6.4.1 Habitat loss and degradation
6.4.2 Pollution.........cccceeveiiiennnnns

6.5 Climate change vulnerability

6.6 Recommended research and CONSEIVATION GCHONS. .........iiiiiiiitiii ettt bbbt bbb bt ettt et bt nae e 92
6.6.1 Research aCtions rECOMMENAEA .........ooiiiiiiiiii ittt b et bbb bbbt h e h ekttt e skt b e bbbt e bt ettt et et eeees 92
6.6.2 Conservation aCtioNS FECOMIMENTEM .......cuiiiiiiiiit ettt b et h e bttt a bbbt e skt e bt e bt e bbbt e bt bt be e bt et nbe e eee 94

Species in the Spotlight
Papyrus Wisp (AGrOCNEMIS PAIGETOMIIA). ............iuiii itttk h bbbt bbbttt ettt bt ettt 95
Nyungwe Sprite (PSEUAAGIION KAIMITANZOVIU) ...........iuiiiiiii etttk bbbt bbbt a bttt ekttt ettt ettt 96

BIDlIOGIAPNY ...t E b E R LR R h R h R R bbb bbbttt 97

6.1 Introduction Dragonflies are easy to record and identify and are sensitive

to changing environmental conditions, making them
Dragonflies are conspicuous, colourful and diurnal, and are good proxies of overall freshwater biodiversity and of
often referred to as “flying jewels”. Precisely, “damselflies” environmental health. They are valuable indicators for site
refers to the Zygoptera (e.g. Figure 6.1) and “dragonflies” conservation planning across Africa’s freshwater systems
refers to the Anisoptera (e.g. Figure 6.2), but commonly the and so potentially help to minimise or mitigate impacts
term “dragonflies” is used to refer to all odonates, as here in of future development. Species-level assessments of
this report. Dragonflies are dinosaurs in the insect kingdom: dragonflies can be used to monitor possible climate change
ancestors of the present-day dragonflies date back over 300 impacts on biodiversity, alongside other macro-invertebrate
million years. Fossils from the Carboniferous period were surveys, and the ease of using dragonflies as environmental
giants with wingspans of 70 cm or more. Dragonfly larvae sentinels and as “whistleblowers” for declining freshwater
live in the water, while adults are marvellous fliers and are health has led to development of the African Dragonfly Biotic
usually found along or close to water bodies. On sunny days Index (ADBI), similar to the Dragonfly Biotic Index already in
dragonflies can easily be observed patrolling water sites or use in South Africa (Samways and Simaika, 2016).
perching on exposed sticks. Females come to the water for
mating and for laying their eggs into the water. Males may For Africa, 777 dragonfly species have been recorded, with
hold territories for several days or even weeks and display the Albertine Rift identified as a diversity hotspot (Clausnitzer
courtship behaviour whenever females arrive. Males are et al., 2012). Of the 773 species assessed for the IUCN Red
capable of removing sperm from a female’s previous mate, List (IUCN, 2017), the majority are considered Least Concern
which is why males often guard females during egg laying (LC: 78.4%), while 70 species are threatened (Critically
and fight furiously with other males. Endangered (CR): 2.9%; Endangered (EN): 1.8%; Vulnerable
Senckenberg Museum of Natural History Gorlitz, Gorlitz, Germany
BioCart — Okologische Gutachten & Studien, Taucha/Leipzig, Germany
Naturalis Biodiversity Center, Leiden, Netherlands

Climate Change Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,
Pembroke Street, Cambridge, CB2 3QZ, UK
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(VU): 4.4%), 34 are Near Threatened (NT: 4.4%) and 63 are
Data Deficient (DD: 8.2%) (Table 6.1).

For the Lake Victoria Basin 219 dragonfly species belonging
to 10 families have been recorded, representing nearly 30%
of Africa’s total dragonfly fauna (Dijkstra, 2017). The majority
of the species are lotic, meaning they are confined to running
water. These species dwell along the Lake Victoria tributaries
from mountain forest streams to broad and sluggish lowland
rivers. The lake itself has its own dragonfly community of
lentic (still waters) species. Nevertheless the islands within
Lake Victoria are also occupied by lotic species, because
of the clear, relatively oxygen rich water along sandy or
rocky shorelines. Such species include the Dancing Jewel
(Platycypha caligata) (Figure 6.1), the Common Hooktail
(Paragomphus genei) (Figure 6.2) and the Common Tigertail
(Ictinogomphus ferox). These species can be used as
indicators for the offshore water quality of Lake Victoria.

6.2 Red List assessments

The majority of the 219 dragonfly species recorded in the
Lake Victoria Basin are assessed as LC (95.4%). Four
species are threatened (1.9%, excluding DD species) and
four are DD (1.8%) (Figure 6.3, Table 6.1). These Red List
assessments indicate that dragonflies native to the Lake
Victoria Basin are, in general, at a lower level of threat than
the group across continental Africa (Table 6.1). Most of

the species found in the Lake Victoria Basin are open-land
species, which are widespread in Eastern Africa, some of
them are even widespread all over sub-Saharan Africa. The
threatened species are mainly forest species, confined to
the remaining forest patches in mountain areas or in the
Albertine Rift. One species - the Papyrus Wisp (Agriocnemis

Figure 6.2 Common Hooktail (Paragomphus genei), Least
Concern (LC). © Hans-Joachim Clausnitzer

Figure 6.1 Dancing Jewel (Platycypha caligata), Least Concern (LC). © Hans-Joachim Clausnitzer



Table 6.1 Number of odonates (referred to throughout the chapter as
dragonfly) species native to the Lake Victoria Basin and to continental
Africa in each Red List Category. For a list of species native to the Lake
Victoria Basin and their Red List Categories and Criteria please see
Appendix 1.

Number of Number of
Number of species species
species native | endemic tothe | native to
IUCN Red List to the Lake Lake Victoria | continental

Category Victoria Basin Basin Africa

Extinct (EX)
Extinct in the
wild (EW)
Critically
Endangered (CR)
Critically
Endangered

(Possibly Extinct)
(CR(PE))

Vulnerable (VU)

34
Near Threatened
(NT) .

Data Deficient 4 1 63

(DD)
Total 219 1 773

EN
0.5%

DD NT

VU
1.4%
RN

7

LC
95.4%

Figure 6.3 Proportion (%) of odonate (referred to throughout
the chapter as dragonfly) species native to the Lake Victoria
Basin in each Red List Category. For a list of species and their
Red List Categories and Criteria please see Appendix 1.

palaeforma) - is of high conservation concern, since it is
endemic to papyrus swamps in the Lake Victoria and Nile
catchments in Uganda and Rwanda. The Papyrus Wisp
has high habitat dependence: papyrus swamps with some
water current and reasonably clean water. It is threatened
by pollution and destruction of papyrus swamps in the
entire area and could become a flagship species. A detailed
account on this species of high conservation concern
is given in Species in the Spotlight - Papyrus Wisp
(Agriocnemis palaeforma), this chapter.
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6.3 Patterns of species richness

6.3.1 Overall species richness

The spatial pattern for species richness of dragonflies in
the Lake Victoria Basin is shown in Figure 6.4. Higher
species richness in the northern part of the basin
(encompassing parts of Rwanda, Kenya and Uganda)
reflects an increase in species richness from east to west,
triggered by higher precipitation and greater heterogeneity
of water bodies. Only the mountainous areas of western
Kenya support similar numbers of species as compared
with the species-rich western areas of the basin. Species
richness is relatively low in the south-eastern parts of the
basin where the landscape is comparatively dry and
dominated by thornbush and savannah. The situation in
the south-western part of the basin is different in that the
low species numbers are thought to primarily reflect a lack
of data. Only 18 dragonfly species have been recorded
from Burundi, all of them common open-land species.
Compared with Rwanda and Uganda, with 89 and 228
recorded species, respectively, the figure for Burundi is far
below that expected, reflecting a lack of field survey. The
habitat conditions in Burundi are similar to those in
Rwanda and therefore the species numbers are expected
to be similar. Until 2015 the situation for Rwanda was quite
similar, with only 53 dragonfly species recorded and most
available records dating back to the beginning of the 20th
century. Two three-week field surveys in 2016 (Clausnitzer
et al., 2016) led to the discovery of one damselfly species,
which is new to science, from Nyungwe National Park (see
Species in the Spotlight - Nyungwe Sprite
(Pseudagrion kamiranzovu), this chapter) and increased
the checklist of dragonfly species for Rwanda by 36 to a
new total of 89. This species total is, however, still
considered to be low considering the country’s rich
diversity of aquatic habitats and the 228 species already
known from Uganda. Within Rwanda the greatest species
richness recorded to date is from the Akagera National
Park area.

6.3.2 Threatened species richness

A number of dragonfly species are highly dependent
on conservation measures. Although they have stable
populations in national parks or forest reserves, these
will disappear rapidly if the current protection fails and
forests are cleared or logged, or water bodies suffer from
pollution and/or siltation. These latter threats can affect
species inside national parks or forest reserves, even if the
threatening activities are occurring some distance beyond
the park boundaries. It is the high degree of hydrological
connectivity between freshwater habitats which enables
threats to spread rapidly from outside protected areas.
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Figure 6.4 Richness of odonates (referred to throughout the chapter as dragonfly) species in the Lake Victoria Basin, based on
spatial data coded as Presence 1 (Extant). Richness data are classified using quantiles.

The species richness of threatened dragonflies in the Lake
Victoria Basin is indicated in Figure 6.5. Short accounts are
given for each threatened species here:

B The Nyungwe Junglewatcher (Neodythemis nyungwe)
(Figure 6.6) is listed as VU (Clausnitzer, 2016a). This
species was described in 2006, based on one museum
specimen which was collected at “Rwanda, Nyungwe
National Park, Karamba, (2°30°S, 29°10°E), muddy
pools and slow-flowing streamlets in rainforest, alt. ca
1,500 m asl” (Dijkstra and Vick, 2006). In January 2016,
a few specimens were recorded along a stream near the
type locality, and in March 2016 more adults were found
hatching in the swamp forests around Kamiranzovu
Swamp (Figure 6.7). Based on this, the Nyungwe
Junglewatcher seems to be restricted to the Karamba
trail and Kamiranzovu Swamp area in the Nyungwe
Mountains and to the Cyamudongo Forest west of
Nyakabuye, which fall just outside the Lake Victoria Basin
as defined for this project (the distribution of this species
is therefore not included in Figure 6.5). However, the little
field work done in the Nyungwe Mountains so far has only
focussed on easily accessible areas, leaving large areas
in the north-eastern parts of the park, which fall inside the
Lake Victoria Basin, unsurveyed. This species might have
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been more widespread but has disappeared along with
the forests that once covered most of the hills in Rwanda.
Alternatively, it might have always been confined to the
montane forest areas.

The Papyrus Wisp (Agriocnemis palaeforma) is also listed
as VU (Clausnitzer, 2016b) and is endemic to papyrus
swamps where there is some water flow in Uganda
and Rwanda. For more information on this species see
Species in the Spotlight - Papyrus Wisp (Agriocnemis
palaeforma), this chapter.

Maathai’s Longleg (Notogomphus maathaiae) is listed as
EN (Clausnitzer, 2015a) and depends on clear streams in
natural mountain forests. It has only been recorded from
afew localities in Kenya, but is assumed to also occur on
appropriate streams on the Ugandan side of Mt Elgon. It
is highly conservation dependent, as deforestation is an
ongoing issue in Kenya and Uganda, even in protected
areas.

The Giant Sprite (Pseudagrion bicoerulans) (Figure
6.8) is listed as VU (Dijkstra and Clausnitzer, 2015) and
occurs only in montane forest streams above 2,000 m
asl in Kenya, northern Tanzania and eastern Uganda.
Like Maathai’s Longleg the Giant Sprite is dependent on
clear streams in natural mountain forests and is hence
threatened by deforestation.
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Figure 6.5 Richness of threatened odonates (referred to throughout the chapter as dragonfly) species in the Lake Victoria Basin,
based on spatial data coded as Presence 1 (Extant). Richness data are classified using quantiles.

A survey in January 2016 (Clausnitzer et al., 2016) resulted in
the discovery of one new damselfly species from Nyungwe
National Park: the Nyungwe Sprite (Pseudagrion kamiranzovu).
For more information on this species see Species in the
Spotlight - Nyungwe Sprite (Pseudagrion kamiranzovu),
this chapter. Once described and assessed for the IUCN Red
List, itis likely to be listed as VU.

Two species are currently listed as NT: the Yellow-sided and
the Bow-faced Jewel (Stenocypha jacksoni and Stenocypha
molindica, respectively). Both dwell in clear and fast-running
forest streams and are hence threatened by the ongoing
deforestation and pollution of such streams. They are still
reasonably widespread, which is why they are not considered
globally threatened, but both should be monitored closely.

Figure 6.6 Nyungwe Junglewatcher (Neodythemis nyungwe),
Vulnerable (VU). © André Giinther

Figure 6.7 Kamiranzovu Swamp, habitat of the Vulnerable (VU)
Nyungwe Junglewatcher (Neodythemis nyungwe). © Viola Clausnitzer

86



6.3.3 Endemic species richness

Only one dragonfly species is endemic to the Lake Victoria
Basin: the Eastern Snorkeltail (Mastigogomphus pinheyi). 1t
is assessed as DD, because it is only known from two type
males, collected in the Kakamega Forest in 1951, with its
distribution illustrated in Figure 6.9. Since all Snorkeltails, like
the closely related Siphontails (Neurogomphus), are difficult
to find and are highly under-represented in collections and
surveys, the status of this species is difficult to assess with
the current level of information. More focussed surveys are
needed to determine whether the Eastern Snorkeltail is more
widespread, qualifies for a higher category of extinction risk,
or has become extinct due to habitat destruction. At present
we cannot even tell whether this is a forest species or whether
it is dependent on reedy vegetation along sluggish streams
(Clausnitzer, 2015b).

6.3.4 Data Deficient (DD) species richness

Four species are listed as DD and the richness of these
species across the Lake Victoria Basin is illustrated in Figure

Figure 6.8 Giant Sprite (Pseudagrion bicoerulans), Vulnerable
(VU). © Adolfo Cordero 6.10. Short accounts are given for each species here:
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Figure 6.9 Richness of endemic odonates (referred to throughout the chapter as dragonfly) species in the Lake Victoria Basin,
based on spatial data coded as Presence 1 (Extant). Richness data are classified using quantiles.
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B The Yellow-fronted Longleg (Notogomphus flavifrons) distribution of this species is, therefore, not included

(Figure 6.11) is a high altitude species, previously only in Figure 6.10). However, the sight record of a potential
known from historical records from Bwindi Impenetrable Shadowcruiser (Idomacromia) at the Karamba Trail in
National Park and from an unclear locality labelled Nyungwe National Park would be an exciting addition,
“Mbarara-valley, pond”. Mbarara in western Uganda, although this requires verification, and would extend the
however, does not have suitable habitat (mountain forest distribution of this species into the Lake Victoria Basin.
streams) and the Yellow-fronted Longleg, like all other All Shadowcruisers are elusive and difficult to catch
Longlegs, is not a pond species. In the Nyungwe National and Dijkstra & Kisakye (2004) wrote: “it may take years
Park the Yellow-fronted Longleg was found along the before the male is discovered”. More surveys are needed
stream in the Uwansekoko Marsh (Figure 6.12). This to confirm this sighting, which might either be of Jill’s
seems to be a high altitude species restricted to areas Shadowcruiser or a new species (Clausnitzer, 2015d).
well above 1,500 m asl. It might well be that the Bwindi B The Intermediate Claspertail (Onychogomphus nigro-
and Nyungwe subpopulations represent the global tibialis) was recorded from the Kakamega Forest in the
population of this species. Alternatively, the species first half of the 20th century and there is one further
could also occur in appropriate habitats in eastern and also old record from the Usambara Mountains in
Democratic Republic of Congo. The current information Tanzania. However, both the taxonomy and range of
allows only a DD listing, until more surveys allow a this most likely highly seasonal species are still unclear
better picture of the species distribution (Clausnitzer, (Clausnitzer, 2015e). The distribution of this species is,
2015c). therefore, not included in Figure 6.10. It may well be that
B Shadowcruisers were previously only known from a taxonomic revision of the Claspertails reveals that this
two species in west and central Africa. In 2004, Jill’s species and O. styx are the same.
Shadowcruiser (Idomacromia jillianae) was described B The Eastern Snorkeltail (Mastigogomphus pinheyi)
from East Africa based on two females caught in the is assessed as DD (Clausnitzer, 2015b). For more
Bwindi Impenetrable National Park, falling just outside information on this species, please see 6.3.3 Endemic
the Lake Victoria Basin as defined for this project (the species richness.
Legend N

AL ake Victoria Basin
Number of Data Deficient
lodonate species

0

|

A

0 30 60 120 180 240
=l F——Kilometers

Sources: Esri, HERE, DeLorme, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase,
IGN, Kadaster NL,:@rdnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo, MapmyIndia, ©
OpenStreetMap contributors, and the GIS User Community

Figure 6.10 Richness of Data Deficient odonates (referred to throughout the chapter as dragonfly) species in the Lake Victoria
Basin, based on spatial data coded as Presence 1 (Extant). Richness data are classified using quantiles.
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Figure 6.11 A handheld Yellow-fronted Longleg (Notogomphus
flavifrons), Data Deficient (DD). © Viola Clausnitzer

Some focus should also be given to the Orange-bellied
Flasher (Aethiothemis coryndoni). Although not listed as
DD because of an old record from the Congo Basin (instead
listed as LC; Clausnitzer, 2015f) this species is only known
reliably from forests between Entebbe and Kampala that
transition into the swamps bordering the lake, with one
record from Budongo Forest and the previously mentioned
record from Democratic Republic of Congo. In the past forest
cover such as the Zika Forest at Kisubi was more extensive
but most of it has since been cut down. Currently the only
reliable site for the Orange-bellied Flasher within the Lake
Victoria Basin is a forest strip at most a few 100 m long and
deep at the Zika virus research station, which is getting
choked by the urban sprawl of Entebbe and Kampala. The
forest patch only remains because of the forest’s research
function, which was set up in colonial times but is not in use
anymore. In January 2016 the presence of A. coryndoni
could not, however, be confirmed here.

6.4 Major threats

The greatest threat to dragonflies is habitat loss and degrad-
ation. Dragonflies are neither hunted for food nor persecuted
as pests. For most dragonfly species, deforestation and water
pollution are the most threatening events and both are ongoing
to adramatic effect all over Africa.

6.4.1 Habitat loss and degradation
With Africa’s rapidly growing population and economy, forests

are being destroyed despite the knowledge that this will likely
lead to catastrophes such as land-slides, water shortages
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Figure 6.12 Habitat of the Data Deficient (DD) Yellow-fronted
Longleg (Notogomphus flavifrons) in the Nyungwe National
Park. © Viola Clausnitzer

and floods. In the Lake Victoria Basin itself, especially in the
vicinity of Kampala, the destruction of the remaining swamp
forests is an urgent issue (for example, see the case of the
Papyrus Wisp in Species in the Spotlight - Papyrus Wisp
(Agriocnemis palaeforma), this chapter). In addition, areas
that were previously considered reasonably safe from habitat
destruction, such as the Sango Bay area, are now being cut
down for construction, agriculture, charcoal or fire wood. If
this ongoing destruction of forest habitats is not stopped and
protection and reforestation schemes are not put in place, a
number of dragonfly species will shortly disappear and the
water quality of Lake Victoria will deteriorate further.

The conversion of papyrus swamps and forested areas for
agricultural land, either pasture or arable land, is the biggest
driver of this habitat destruction. Agriculture and aquaculture
is coded as a threat to 73.1% of dragonfly species native to
the basin. Logging and wood harvesting is coded as a threat
to 41.6% of dragonfly species and affects them in two ways: i)
loss of essential habitat, for forest dependent species in
particular; and ii) increased siltation and floods. The most
threatened and range-restricted species are usually forest
dependent species, which are confined to forested habitats.
Usually these species need primary forest and quickly
disappear if their forest habitat is disturbed. Some species
are more resilient and will tolerate moderate logging or even
agro-forestry, while others disappear even if the forest is only
selectively logged. The total number of species usually does
not change, but there is a shift in the species composition,
with the more localised and threatened forest species being
displaced by more common, widespread and robust open-
land species. Habitat destruction for residential and
commercial development is also a threat in the basin,



affecting 8.2% of all native dragonfly species. This is
particularly evident in densely populated areas, such as in the
larger Kampala-Entebbe area and in Kisumu and its
surroundings, where habitat destruction for new housing,
roads and industries is widespread.

6.4.2 Pollution

Water pollution is rapidly becoming more severe throughout
Africa. The growing economy is not accompanied by water
treatment measures, such as appropriate sewage works for
both domestic and industrial waste. Currently highly polluted
and sometimes poisonous effluents from industries, housing
areas and agricultural land are directly released into streams,
rivers and the lake.

The use of fertilisers, insecticides and pesticides for agri-
cultural is often uncontrolled and at very high levels, with
pollution from agricultural and forestry effluents coded as a
threat to 50.2% of the dragonflies native to the Lake Victoria
Basin. There is no control system in place and all kinds of
poisonous materials can be obtained across the Lake Victoria
Basin.

Domestic and industrial areas are the other two main sources
of pollution in the Lake Victoria Basin. Pollution from domestic
and urban waste water is coded as a threat to 49.3% and
pollution from industrial and military effluents to 37.4%
of dragonfly species native to the basin. All sources of
pollution require urgent measurements, namely the building
of sewage works and the elimination of any direct domestic
and industrial waste water disposal into water bodies.

6.5 Climate change vulnerability

The climate change vulnerability assessment of the Lake
Victoria Basin’s dragonfly species considered 218 species.
Fourteen biological traits, of which 11 relate to ‘Sensitivity’
(Table 6.2), and three to ‘Low Adaptive Capacity’ (Table 6.3)
were considered.

Based on our assessment of dragonfly species’ sensitivity to
climate change, 100 species (46%) are assessed as
possessing one or more traits that make them highly sensitive
to climate change. Fifteen species (7%) are assessed as ‘low’
in terms of their sensitivity, and 103 species (47%) are assessed
as ‘unknown’. The most commonly possessed traits are
inferred low tolerances of temperature or precipitation changes
(Traits S4 and S5), present in 54 species (25%) in both cases,
followed by microhabitat specialisation (Trait S2) (including,
inter alia, forest streams, montane streams and seasonal
swamp forests), present in 35 species (16%). Data gaps on the
sensitivity of dragonfly species are most common when
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considering climatic cues and triggers for key life-history
events (Trait S9), which are unknown for 170 (78 %) species.

Based on the assessment of dragonfly species’ adaptive
capacity, 15 species (7%) are assessed as possessing traits
that make them poorly able to adapt to climate change. One
hundred and thirteen species (52%) are assessed as ‘low’ risk
in terms of their adaptive capacity, and sufficient data are
unavailable for 90 species (41%), meaning that they are
assessed as ‘unknown’ in terms of their capacity to adapt to
change. A low intrinsic dispersal capacity (Trait A2) is the most
common trait — present in 13 (6%) species (although note that
this is a relatively low number of species, suggesting that the
dispersal capacity of many dragonflies is thought to be high).
Data on reproductive output are the most lacking, being
unavailable for 16 (7%) species.

Table 6.4 summarises findings of the ‘Exposure’ assess-
ments, showing that between 115 (53%) (using RCP8.5 for the
2055 period) and 217 (100%) (using RCP8.5 for both time
periods) of dragonflies (with available range maps) are
expected to be highly exposed to climate change. Considering
the proportions of species’ ranges that are projected to
experience novel conditions (relative to current conditions in
each species’ range), we calculate that between 1% (RCP4.5,
2055) and 16% (RCP8.5, 2085) of species are expected to
‘lose’ more than half of their current range.

Species were then assessed as vulnerable to climate change if
they scored ‘high’ under all three criteria of exposure, sensitivity
and adaptive capacity. Overall, total numbers of climate
change vulnerable dragonfly species range from nine (4%) to
11 (5%) for both RCPs under the 2055 and 2085 timeframes,
respectively, and under an optimistic assumption of missing
data values. These numbers increase to 58 (27%), 61 (28%)
and 96 (44%) for RCP8.5 and the 2055 period, RCP4.5 and the
2055 period, and both RCPs and the 2085 period, respectively,
when missing data values are treated pessimistically.

In terms of the distribution of climate change vulnerable
dragonflies across the Lake Victoria Basin (using RCP8.5
for the 2055 period) (Figure 6.13), the greatest numbers
(six species per grid cell) are found at the north-western
periphery of the basin (surrounding Mbarara, Uganda). This
declines to five species per grid cell to the north-east (in
the area south of Mubende, Uganda). In the main body of
Lake Victoria itself, three climate change vulnerable species
are found. At most other locations where climate change
vulnerable species are found, one to three climate change
vulnerable species per grid cell is typical. At most other
locations to the west, south and east of Lake Victoria, no
climate change vulnerable dragonfly species are thought to
be present. At the locations described above, percentages
of the overall dragonfly numbers present that are climate



Table 6.2 Climate change sensitivity traits used to assess odonates (referred to throughout the chapter as dragonflies), including thresholds used to
classify species, and the total numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’ sensitivity
overall if it is not classified as ‘High’ for any trait, and if there are no missing data values for any trait.

Trait Groups | Traits | Thresholds ODONATES
Total species = 218
SENSITIVITY Low High  Unknown
A. Specialised habitat and/or Habitat $1: Species described (with Low = false; High = true | 211 6 1
microhabitat requirements specialisation | justification) as having specialised
habitat requirements
Microhabitat | S2: Species is dependent on one or | Low = false; High = true | 182 35 1
specialisation | more microhabitats
Oviposition §3: Species is endophytic (oviposits | Low = false; High =true | 196 18 4
specificity within a plant), with limited
substrate types or lays eggs in dry
areas which are later inundated
B. Narrow environmental Tolerance of | S4: Average absolute deviation in Average absolute 163 54 1
tolerances or thresholds that changes to precipitation across the species’ deviation in
are likely to be exceeded due to | precipitation | current range precipitation across
climate change at any stage in | regimes the species’ historical
the life cycle range: Low = highest
75%; High = lowest
25%
Tolerance of | $5: Average absolute deviation in Average absolute 163 54 1
temperature | temperature across the species’ deviation in
changes current range temperature across
the species’ historical
range: Low = highest
75%; High = lowest
25%
Tolerance $6: Tolerance of narrow and Low = false; High = true | 217 0 1
of dissolved | extreme levels of dissolved oxygen
oxygen (species occurs exclusively in
changes hypoxic (<4 mg/L) or saturated
(>12 mg/L) waters)
Hydrological | S7: Species depends on a single Low = false; High = true | 209 0 9
regime hydrological regime, which is not
dependence | perennial in nature
C. Dependence on a specific Egg-stage $8: Species relies on a period of Low = false; High = true | 217 0 1
environmental trigger that is diapause diapause at the egg stage during
likely to be disrupted by climate winter to control the timing of the
change lifecycle (to be broken by the onset
of warmer temperatures)
Dependence | $9: Species depends on a climatic | High = dependence on 35 13 170
on an trigger for migration, breeding, one or more climatic
environmental | egg deposition cocooning and/or triggers; Low = no
trigger metamorphosis dependency
D. Interspecific interactions Declining $10: Species depends upon one (or | Low = false; High =true | 218 0 0
which could be disrupted by/ positive a few) other species for the creation
emerge as a result of climate interactions | or essential modification of its
change with other habitat
species
Increasing S$11: Species could experience Low = false; High =true | 218 0 0
negative increases in one or more of the
interactions | following as a result of climate
with other change: predation, competition,
species parasitism, disease, hunting by
humans
Number of species in each sensitivity classification 15 100 103
Percentage 7% 46% 47%
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Table 6.3 Climate change adaptive capacity traits used to assess odonates (referred to throughout the chapter as dragonflies), including thresholds
used to classify species, and the total numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’
adaptive capacity overall if it is not classified as ‘High’ for any trait, and if there are no missing data values for any trait.

Trait Groups Traits

| Thresholds | ODONATES

Total species = 218

LOW ADAPTABILITY Low High Unknown
A. Poor Extrinsic AT: Extrinsic barriers to dispersal High = occurs exclusively on mountaintops, | 214 | 3 1
dispersability barriers to small islands and/or areas where dispersal

dispersal is blocked by unsuitable habitat (natural or

anthropogenic); Low = no known barriers

Low intrinsic | A2: Median estimated dispersal Low = >1 km/year; High = < 1 km/year 129 | 13 76

dispersal distance per year

capacity
B. Poor Low A3: Species takes two or more years | Low = false; High = true 202 | 0 16
evolvability reproductive | to develop, lays one or less egg

output clutches per year (and is not able to

produce >1 generation per year)

Number of species in each adaptive capacity classification 113 | 15 20
Percentage 52% | 7% 1%

Table 6.4 Total numbers (and percentage of all species assessed) of
odonates (referred to throughout the chapter as dragonfly) considered
highly exposed to climate change under both timeframes and
Representative Concentration Pathways (RCPs) considered. The upper
row shows numbers derived following the methods of Foden et al.
(2013) (see Chapter 2), and lower row shows numbers for which >50%
of their current range is projected to experience future climatic
conditions not currently present anywhere in their range. Note that one
species does not have a range map available, and so is not included in
this table.

RCP4.5 RCP8.5

2055 | 2085 | 2055 | 2085
Numbers (and percentages) of 125 217 115 217
climate change exposed species, | (58%) |(100%) | (53%) | (100%)
methods following Foden et al.
(2013)
Numbers (and percentages) of 3 4 6 34
species for which >50% of their (1%) | (2%) | (3%) | (16%)
ranges are projected to experience
entirely novel conditions

change vulnerable are low: 3% in the north-western region of
the Lake Victoria Basin, 2% in the main body of Lake Victoria
and the north-eastern region of the Lake Victoria Basin, and
1% at all other locations where climate change vulnerable
dragonflies are thought to be found (Figure 6.14).

6.6 Recommended research and
conservation actions

6.6.1 Research actions recommended

To effectively monitor biodiversity we first need to know
what biodiversity is present and where. Local institutes
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and universities then need to be equipped with the tools
to identify and monitor this biodiversity themselves
(Stephenson et al., 2017a, 2017b). In most African countries
this is currently only possible for birds and is even difficult
with mammals. Countries need support to build up national
museums with research capacities, so that they can then
train people as naturalists with the capacity, for example, to
conduct monitoring or Environmental Impact Assessments
(EIAs). At present Kenya has a highly trained, well maintained
and well-staffed museum (National Museums Nairobi, NMK),
Rwanda has recently established the Centre of Excellence
on Biodiversity and Natural Resource Management, and
Uganda has well trained biologists who have produced a
National Red List covering dragonflies (WCS, 2016).

The main priority for much of the Lake Victoria Basin is
fieldwork paralleled with capacity building. There is an
understudied swathe of the basin stretching from north-
western Tanzania, Burundi, Rwanda to south-western
Uganda (Figure 6.15). Here we need basic field surveys which
can then inform the setting up of monitoring programmes.
The importance of this work is exemplified through the
findings from the three-week survey in Rwanda, mentioned
above and made possible through this project, which
effectively increased the checklist of dragonflies for Rwanda
by 36 to a total of 89 species. During the three weeks spent in
the field in January and March 2016 a total of 78 species were
recorded for the country, with one species new to science
(Kipping et al., 2017) and one species recorded for the first
time for east Africa (Long Slim, Aciagrion heterostictum).
We still, however, anticipate at least 50 more species await
discovery as new records for the country. We also urgently
need field surveys in Burundi, for which just 18 species are
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Figure 6.13 Richness of climate change vulnerable odonates (referred to throughout the chapter as dragonflies) (using
RCP8.5 for the 2055 period). Richness data are classified using quantiles.
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Figure 6.14 Proportion of all odonate (referred to throughout the chapter as dragonfly) species that are climate change
vulnerable (using RCP8.5 for the 2055 period). Richness data are classified using quantiles.
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Figure 6.15 Density of odonates (referred to throughout the chapter as dragonfly) records in the Lake Victoria Basin based on data
from the Odonata Database of Africa (ODA). Records dated from before 1990 are coloured red and those from 1990 onwards are
coloured green. One point on the figure may contain multiple records from that location.

known, and north-eastern Tanzania. Our knowledge of
the basic ecology of afrotropical dragonflies is also often
poor. Especially deficient is our knowledge of population
ecology. As evidence for this lack of information, the IUCN
Red List Criteria A, C and D (IUCN, 2012) could be applied
in only a few cases for the African Odonata assessments.
To enable more comprehensive assessments of species
extinction risk in the future, population trends and detailed
habitat requirements of (at least) selected species should be
investigated.

Recently, representing a major step forwards, the
identification of dragonflies in Eastern Africa has been made
much easier with the publication of an illustrated field guide
by Dijkstra and Clausnitzer (2014), incorporating many
photographs, and with an online tool providing identification
details, photos and distribution maps: African Dragonflies
and Damselflies Online (ADDO) (Dijkstra, 2017) (see http://
addo.adu.org.za/).

6.6.2 Conservation actions recommended

The ongoing population growth in the Lake Victoria Basin
together with urbanisation, land use intensification and

94

industrialisation are already putting pressure on the majority
of aquatic sites. Against this backdrop of increasing
pressures of freshwater ecosystems we suggest the
following measures be incorporated into legislation and/or to
be carried out on the ground as soon as possible:

B eliminate direct waste water influent into streams, rivers
and Lake Victoria itself;

B construct sufficiently sized sewage works at all larger
settlements;

B monitor water quality (see information on the African
Dragonfly Biotic Index (ADBI) below);

B educate local communities on the importance of fresh-
water quality (see Clausnitzer et al., 2017);

B protect existing aquatic habitats, partially by law
enforcement;

B reforest hill-tops and riparian zones of streams and rivers
with indigenous trees; and

B construct washing places for clothes away from water-

courses, allowing the dirty water to seep through the soil
and be cleaned before returning to the watercourses.

To conserve dragonflies, and the freshwater biodiversity
they represent, it is necessary to maintain the structural



integrity of both larval and adult habitats, i.e. water bodies
and their surrounding landscape. Many measures to avoid
erosion, siltation and unnatural flow regimes (both daily and
seasonal) are relatively simple to implement. When damming
streams or piping springs, sufficient spill-over and regular
discharge must be guaranteed to avoid spates and droughts.
The impact of drought on freshwater systems is obvious,
but irregular water fluctuations may also seriously impact
aquatic life cycles, for example by affecting the micro-
climate of breeding habitats and disturbing adult emergence.

For monitoring habitat quality of freshwaters, the African
Dragonfly Biotic Index (ADBI) can be applied. It is a bio-
monitoring tool using adult dragonflies and was originally
developed for South African freshwater systems (Samways
and Simaika, 2016). It has been shown that adult dragonfly

macroinvertebrate assemblages (Simaika and Samways,
2011), although importantly the dragonfly assemblage is
usually more responsive to changes in ecological integrity
than benthic macroinvertebrates (Simaika and Samways,
2009; Smith et al., 2007). The ADBI has been developed for a
broad range of users from scientists to practitioners, which
can also include corporate land owners who want to
decrease negative impacts on the environment or want to
monitor restoration measures. A pan-African approach for
the ADBI is currently being undertaken. Summarising the
ADBI is an excellent tool for environmental assessment and
monitoring of freshwater biodiversity, especially as a
complement to other freshwater quality assessments, such
as the South African Scoring System (SASS) (Dickens and
Graham, 2002) (see http://www.groundtruth.co.za/; http://
www.minisass.org/en/).

assemblages directly reflect that of the wider benthic

Species in the Spotlight
Clausnitzer, V., Kipping, J.? and Dijkstra, K.-D. B.2

The species highlighted here represent two important but threatened habitats of the Lake Victoria Basin: i) the large papyrus
swamps that still cover large parts of the lowland marshes around the lake; and ii) the remnants of montane rainforest as the
‘water towers’, where springs and headwaters of the main rivers gather their water.

Papyrus Wisp (Agriocnemis palaeforma)

The Papyrus Wisp (Agriocnemis palaeforma) (Figure 6.16) is a habitat specialist only known from a few Ugandan and Rwandan
papyrus swamps, and confined to the Lake Victoria and Nile catchment area. The papyrus swamps need to have clean water,
a certain amount of water flow and be of a reasonable size (Figure 6.17). The known localities of this species are Mityana,
Katonga, Lake Mburo, Ngoto Swamp in Bwindi Impenetrable National Park, Lake Nabugabo, Bigodi Wetlands, Nyenga (near
Jinja), Naludugaru Swamp in Uganda and Akagera River in Akagera National Park in Rwanda. These localities and therefore
the subpopulations of this species are fragmented and the chance of genetic exchange between the subpopulations is low.
Despite recent searches by experts, this species was not found at other localities in Uganda and Rwanda. Although we cannot
rule out a wider distribution, this species seems to rely on very specific aquatic conditions in the papyrus swamps, as it does
not occur in any given swamp (and there are many papyrus swamps in Rwanda and Uganda). However, the ecology and habitat
requirements of this species are not yet understood. The Papyrus Wisp should be monitored closely in view of the ongoing
destruction and deterioration of papyrus swamps in Uganda and Rwanda. The main threats to these papyrus swamps are water
pollution, road construction, urbanisation, agriculture and fires (see also Briggs (2007)).

Figure 6.17 Papyrus swamps in the Akagera National Park are
the habitat of the Vulnerable (VU) Papyrus Wisp (Agriocnemis
palaeforma). © Viola Clausnitzer

Figure 6.16 Papyrus Wisp (Agriocnemis palaeforma), Vulnerable
(VU). © Hans-Joachim Clausnitzer

" Senckenberg Museum of Natural History Gérlitz, Gérlitz, Germany
2 BioCart — Okologische Gutachten & Studien, Taucha/Leipzig, Germany
3 Naturalis Biodiversity Center, Leiden, Netherlands
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Globally, the Papyrus Wisp is listed as Vulnerable (VU) (Clausnitzer, 2016b). In Uganda’s National Red List (WCS, 2016) the
Papyrus Wisp is listed as Endangered (EN) because of its few and scattered localities and due to the ongoing destruction
of papyrus swamps. The habitat destruction will eventually lead to highly fragmented and non-viable subpopulations of the
Papyrus Wisp. The Papyrus Wisp is therefore a species that might disappear in the future if no conservation measures are
undertaken. The tragedy is that it is difficult to monitor the species, and with the rapid ongoing destruction and pollution of
papyrus swamps, habitats may disappear without knowing if the Papyrus Wisp was ever there.

Nyungwe Sprite (Pseudagrion kamiranzovu)

The Nyungwe Sprite (Pseudagrion kamiranzovu) (Figure 6.18) was discovered during a field survey in January 2016 (Kipping
et al., 2017) and might serve as a flagship species of montane rainforests in Eastern Africa. This species is only known from
three forest streams in the Nyungwe National Park (Figure 6.19). It is probably a highly localised species like the Nyungwe
Junglewatcher (Neodythemis nyungwe; Figure 6.6) that also occurs in the same area. After assessment for the [IUCN Red
List the species will likely be classified as VU as the known distribution is very small. More information on the population size,
distribution and ecology is urgently required. Large parts of the Nyungwe Forest are still unexplored in terms of dragonflies.
The southern part, which extends within the Kibira National Park into Burundi, is completely unsurveyed terrain. The forested
mountain chain stretches continuously from Gisakura southwards almost to Lake Tanganyika, and might hold more suitable
habitat for the species. The Nyungwe Sprite is the only known endemic Pseudagrion species of higher elevations in the
western branch of the Albertine Rift, where it has been found at an altitude from 1,950-2,350 m asl. Of all the known endemic
Pseudagrion species of higher elevations in Africa, it is probably the most forest dependent and therefore, likely highly sensitive
to deforestation and land use change.

Figure 6.19 Habitat of the Nyungwe Sprite (Pseudagrion kamiranzovu) in Nyungwe National Park. © André Glinther
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7.1 Introduction

The Lake Victoria Basin is home to a great diversity of
freshwater plants, with the highest diversity found in the
wetlands that occur along the shoreline of Lake Victoria and
along the rivers (the Sio, Nzoia, Yala, Nyando, Sondu-Miriu,
Awach, Kuja, Mara and Kagera) flowing into the lake. The
basin is home to the most extensive wetlands in Eastern
Africa and these wetlands support remarkably high
biodiversity. Freshwater plants support both human and
animal communities living in the water and in the riparian
zone. This support occurs indirectly, through roles in wetland
ecosystem services, and directly through provision of food
and habitats for animal communities, and through provision
of resources to support livelihoods for human populations
(Millennium Ecosystem Assessment, 2005) (see Chapter 10).

Many plant species, such as water tolerant grasses, sedges,
shrubs and trees, grow on the seasonal floodplains and
riparian zones adjacent to the lake and inflowing rivers
(Wakwabi et al., 2006). However, at present, macrophytes
(plants large enough to be visible to the naked eye that grow
submerged below, floating on or up through the water

surface) dominate the freshwater plant taxa of the Lake
Victoria Basin. It is thought that previously haplochromine
cichlids inhibited establishment of macrophythes from the
inshore areas of the lake by constantly causing disturbance of
the substrate (Witte et al., 1991). However, a decline in the
abundance of haplochromine cichlids (see Chapters 4 and 9),
in combination with increased siltation of river mouths and the
lake shores resulting from deforestation of the basin, have
contributed to extensive establishment of macrophytes
(Wakwabi et al., 2006). Macrophytes are regarded as the
most productive plant communities in the world (Penfound,
1956; Reddy, 1984; Sculthorpe, 1976; Westlake, 1963) and
are also known to be important for biological diversity, as
many associated species of plants and animals depend on
macrophytes for survival (Chapman et al., 2001).

7.2 Red List assessments

One hundred and thirty-five freshwater plant species native
to the Lake Victoria Basin in 26 families were assessed.
Please see Chapter 2 for an explanation of how the species
list for assessment was generated. Twenty-one of these
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families were assessed comprehensively with respect to
freshwater species in the basin and selected freshwater
species from the remaining five families were assessed
(Appendix 1). None of these species are endemic to the Lake
Victoria Basin (Table 7.1).

The majority of the assessed species are classified as Least
Concern (LC) (124 species, 91.9% of those assessed; Figure
7.1, Table 7.1) as they are relatively common and widespread
with no major threats identified as likely to reduce their overall
population viability. This percentage of LC species is high
compared with the 2011 assessment of freshwater plant
species (in selected plant families) endemic to continental
Africa (Darwall et al., 2011) where 49.2% were assessed as LC.

Only eight species (6.0% of those assessed and excluding
Data Deficient (DD) species; Figure 7.1, Table 7.1) are
considered threatened with extinction (listed in the categories
Critically Endangered (CR), Endangered (EN) or Vulnerable

Table 7.1 Number of assessed freshwater plant species native to the
Lake Victoria Basin in each Red List Category. For a list of species and
their Red List Categories and Criteria please see Appendix 1.

Number of species
Numberof | endemic tothe Lake
IUCN Red List Category species Victoria Basin

Extinct (EX)
Extinct in the Wild (EW)
Critically Endangered (CR)

Critically Endangered
(Possibly Extinct) (CR(PE))

Vulnerable (VU) 2 0
Near Threatened (NT) 2 0
Data Deficient (DD) 1 0
Total 135 0
EN
449 VU

DD

LC
91.9%

Figure 7.1 Proportion (%) of assessed freshwater plant species
native to the Lake Victoria Basin in each Red List Category.
For a list of species and their Red List Categories and Criteria
please see Appendix 1.

(VU)). This percentage is low compared with the wider
continental 2011 assessment (Darwall et al., 2011) where one
quarter were classified into one of the threatened Red List
Categories.

Only one species assessed is listed as DD: Bulbostylis
trabeculata (Table 7.1), as there was insufficient information
on its distribution and the degree of severity of the threat of
livestock grazing on the population to assess its extinction
risk (Beentje, 2017a). The percentage of DD species (0.7%
of assessed plant species; Figure 7.1) is low compared with
the 2011 assessment (Darwall et al., 2011) where 16.5% of
aquatic plants were classified as DD. This indicates that
knowledge of freshwater plant species in this region is better
than for other parts of Africa and that the true proportion
of threatened freshwater plant species amongst those we
assessed will be close to that indicated here (5.9-6.6% of
assessed plant species).

No freshwater plant species native to the basin are assessed
as Extinct (EX) or Extinct in the Wild (EW) (Table 7.1). This
is unsurprising given that only one species was assessed
as EW (Nymphaea thermarum; see Juffe, 2010) in the
assessment of endemic species from selected freshwater
plant families for the entirety of continental Africa (Darwall et
al.,2011).

7.3 Patterns of species richness

The patterns of species richness discussed in this section
refer to a subset of 118 of the 135 freshwater plant species
assessed through this project for which distribution data
were available. Distribution maps were not produced for 17 of
the 135 species, all of which were widespread, as distribution
data beyond occurrence in particular countries were not
available. This level of information is already captured in
the coded ‘Countries of occurrence’ section of the Red List
assessment and, therefore, to maintain consistency in the
resolution of spatial data, maps based only on country level
data were not produced.

7.3.1 Overall species richness

The Lake Victoria Basin is rich in freshwater plant species
with sub-basins containing on average 82 freshwater plant
species (out of the 118 mapped species). Generally, from
the subset of freshwater plant species investigated, the
eastern basin has the greatest species richness (Figure 7.2),
in particular to the east of Mount Elgon in Kenya (91 species
per sub-basin), on the shores of Winam Gulf in Kenya (90-97
species per sub-basin), on the border of Kenya and Tanzania
(93-96 species per sub-basin) and in the northern Serengeti
in Tanzania (92-95 species per sub-basin). Eighty-six



freshwater plant species are mapped to occur within Lake with the exception of the area to the east of Mount Elgon in
Victoria itself, including both shoreline species (e.g. rushes, Kenya, which has both high overall species richness and
Juncus species) and those occurring across large areas of the highest threatened species richness (four species per
the surface of the lake (e.g. Water Lettuce, Pistia stratiotes). sub-basin: Ethulia scheffleri, Hygrophila asteracanthoides,
In the western Lake Victoria Basin, regional highs of species Luzula mannii and Lagarosiphon hydrilloides), and around
richness of the subset of species investigated are found in Lakes Bulera and Ruhondo in Rwanda, where sub-basins
the Kibale and Kagera River basins on the border of Tanzania have relatively high overall and threatened species richness
and Uganda (88-89 species per sub-basin), in the Kagera (three species per sub-basin: Carpha angustissima,
River Basin on the border of Rwanda and Tanzania (84 Nymphoides tenuissima and Psilotrichum axilliflorum)
species per sub-basin) and in the vicinity of Lakes Bulera and (Figure 7.3). No threatened freshwater plant species (out
Ruhondo in Rwanda (87 species per sub-basin). of the subset investigated) are found in Lake Victoria itself

or across much of the Lake Victoria Basin. In the lower
It is likely that some of these spatial trends are the result of Nzoia River and the Yala River Basins (north-eastern Lake
greater sampling effort within protected areas, such as the Victoria Basin), three threatened species (Ethulia scheffleri,
Serengeti and Akagera National Parks, rather than reflecting Lagarosiphon hydrilloides and Luzula mannii) are found,
the true distribution of species richness. Additionally, it and pairs of these three species are found in each sub-
should be noted that a comprehensive list of freshwater plant basin along the coast of Lake Victoria from Jinja in Uganda

species could not be considered here. to Winam Gulf (and eastwards) in Kenya. In the western
Lake Victoria Basin, one threatened species (Carpha
7.3.2 Threatened species richness angustissima) is found per sub-basin in the catchment of

the Nyabarongo River in Rwanda. For all eight threatened
Interestingly, in general, the patterns in threatened species freshwater plant species, the Lake Victoria Basin lies on the
richness for this subset of freshwater plant species do not outskirts of wider distributions.
correspond to the patterns of overall species richness,
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Figure 7.2 Richness of the assessed freshwater plant species in the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 2 (Probably Extant). Richness data are classified using quantiles.
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7.4 Major threats

Although 91.9% of the aquatic plants assessed for this
project are listed as LC (Figure 7.1), this does not mean that
these species face no threats. Species listed as LC may be
impacted by threats which, if not stopped or minimised, could
result in the species becoming threatened with extinction in
the future. The most significant threat to the aquatic plants
of the Lake Victoria Basin is habitat loss and degradation,
followed by pollution.

7.4.1 Habitat loss and degradation

Land use change for agriculture results not only in the loss of
physical space for freshwater plant species to grow but also
in the degradation of habitats. The Millennium Ecosystem
Assessment (2005) lists conversion or drainage of wetlands for
agriculture as the primary cause of inland wetland loss globally.
In the Lake Victoria Basin, 42.2% of the assessed plant
species are coded as threatened by loss of habitat resulting
from agriculture, with 40% threatened specifically by annual
and perennial non-timber crops. This includes Helichrysum
formosissimum (Figure 7.4), a freshwater plant species found
in moorland swamps and bogs and wet grassland sites, as

Figure 7.4 Helichrysum formosissimum, although currently
listed as Least Concern (LC), is under threat from conversion
of its lower altitude wetland habitats to agricultural land.
© Quentin Luke

well as in the upper bamboo zone. Wetland habitats in the
lower altitudes of the species range are being converted to
agricultural land by small-holders, which is leading to rapid
declines in this part of its range (Beentje, 2017b).
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Figure 7.3 Richness of threatened freshwater plant species in the Lake Victoria Basin, based on spatial data coded as Presence 1
(Extant) and Presence 2 (Probably Extant). Richness data are classified using quantiles.
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Figure 7.5 Deforestation of Bugala Island of the Ssese Islands in the Ugandan part of Lake Victoria for conversion of the land to an

oil palm plantation. © Simon Whitaker (CC BY-NC 2.0)

Conversion of wetland habitats for agro-industry farming is
also a threat to aquatic plant species. For example, around
the start of the 21st century land in the Lake Victoria Basin,
primarily in Uganda, started to be converted for oil palm
plantations as part of a plan to reduce poverty (Figure 7.5).
Oil palm plantations have been established within the range
of the Endangered Psilotrichum axilliflorum and are leading
to declines in the habitat (Beentje, 2017c).

Agricultural practices and deforestation or removal of the
native vegetation also lead to soil erosion on land. This is
carried in run-off into water bodies, leading to sedimentation,
which is coded as a threat to Nymphoides forbesiana (Figure
7.6) (Beentje and Ghogue, 2017).

Livestock farming, including both conversion of land for
small-holdings and nomadic grazing, is coded as a threat to
7.4% of plant species assessed. This includes Brillantaisia
owariensis (Figure 7.7), a presently widespread species with
important medicinal uses (Beentje, 2017d), and Sphaeranthus
samburuensis (EN), which is restricted to the edge of
waterholes in dry bushland, a habitat where large herds of
cattle congregate (Beentje, 2017e).

Land use change for residential and commercial development
is also a threat to aquatic plants in the Lake Victoria Basin but
to a lesser extent than agriculture, with 3.7% of the plant
species assessed coded as threatened by this activity.

7.4.2 Pollution

Pollution from agricultural, urban and industrial sources is
coded as athreatto 11.9% of the plant species assessed with
agricultural and forestry effluents representing the primary
source, threatening 9.6% of these species. Eutrophication of

water bodies is one of the main consequences of pollution,
and this presents a serious problem across Africa (Nyenje et
al., 2010). For freshwater plant communities, eutrophication
often leads to the simplification of plant assemblages,
resulting in a small number of dominant species and the loss
of habitat specialists (Wetzel, 2001). Nutrient loading, leading
to eutrophication, is a potential threat to the aquatic herb
Nymphoides forbesiana (Figure 7.6) (Beentje and Ghogue,
2017) amongst others in the basin.
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Figure 7.6 Nymphoides forbesiana, currently assessed as Least
Concern (LC), is an aquatic herb thought to be threatened by
nutrient loading leading to eutrophication, and by sedimentation
of water bodies resulting from soil erosion. © Quentin Luke



Herbicides and pesticides enter water bodies through run-
off from agricultural fields, and are coded as a threat t0 5.2%
of the plant species assessed through this project. These
chemicals result in direct mortality of some aquatic plant
species, including of the herb Brillantaisia lamium (Figure 7.8)
(Beentje, 2017f), and also cause habitat degradation.

Figure 7.7 Brillantaisia owariensis although currently listed as
Least Concern (LC), is under threat from conversion of its habitat
to land for livestock grazing. © Scamperdale (CC BY-NC 2.0)

Figure 7.8 Brillantaisia lamium, currently Least Concern (LC),
is a herb that is threatened by herbicides and pesticides.
© Quentin Luke

7.4.3 Other threats

Although habitat degradation and pollution of water bodies
are the primary threats to aquatic plant species in the Lake
Victoria Basin, there are other threats causing severe declines
in a small number of species. Actions to combat these threats
will be required for the conservation of these species.

For example, Carpha angustissima is a range-restricted
species that occurs from south-west Uganda to eastern
Democratic Republic of Congo, and is assessed as EN. This
species is found in montane or afro-alpine bogs, and this
habitat is under threat from extended droughts in combination
with increasing frequency or intensity of uncontrolled fires
(Beentje, 2017g). These threats are coded to affect 3.7% and
3.0% of the plant species assessed, respectively.

Finally, biological resource use, including logging of wood
and gathering of plants, is coded as a threat to 4.4% of
the plant species assessed. However, it should be noted
that many aquatic plants gathered for their uses as foods,
medicines and structural materials contribute to human
livelihoods, and in many cases this use is sustainable and
can result in the conservation of local subpopulations of the
species (see Chapter 10).

7.5 Climate change vulnerability

The climate change vulnerability assessment of the Lake
Victoria Basin’s freshwater plants considered 137 taxa.
Eighteen biological traits, of which 14 related to ‘Sensitivity’
(Table 7.2), and four to ‘Low Adaptive Capacity’ (Table 7.3)
were considered.

Ninety-six species (70%) are assessed as possessing one or
more traits that make them highly sensitive to climate change.
No species are assessed as ‘low’ in terms of their sensitivity,
and 41 species (30%) are assessed as ‘unknown’.

Within the sensitivity analysis, the most commonly possessed
traits are habitat specialisation (Trait S2), present in 58
species (42%), and inferred low tolerances of temperature or
precipitation changes (Traits S5 and S6), both of which are
present in 32 species (23%). Data gaps on the sensitivity of
freshwater plant species are most common across several
traits, including seedbank dependence (Trait S4), unknown
for 110 (80%) species, and traits relating to environmental
triggers for flowering or germination (Traits S9-S11), unknown
for around 130 (95%) species in each case.

In the assessment of adaptive capacity, 50 species (36%)
are assessed as possessing traits that make them poorly
able to adapt to climate change. One species is assessed as



Table 7.2 Climate change sensitivity traits used to assess 137 freshwater plant taxa, including thresholds used to classify species, and the total
numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’ sensitivity overall if it is not classified as
‘High’ for any trait, and if there are no missing data values for any trait.

Trait Groups

Traits

Thresholds

FRESHWATER PLANTS

SENSITIVITY

Total species = 137

Low Unknown

High

A. Specialised habitat | Temporary $1: Species is known to depend Low = false; High = true | 122 12 3
and/or microhabitat freshwater exclusively upon natural freshwater
requirements dependence habitats that are temporary in nature
Habitat $2: Species described (with justification) | Low = false; High =true | 75 58 4
specialisation as having specialised habitat requirements
Microhabitat $3: Species is dependent on one or more | Low = false; High = true | 130 5 2
specialisation microhabitats
Seedbank S4: Species requires a long-term Low = false; High = true | 26 1 110
dependence seedbank as part of its life-cycle
B. Narrow Tolerance of $5: Average absolute deviation in Average absolute 97 32 8
environmental changes to precipitation across the species’ current | deviation in precipitation
tolerances or precipitation range across the species’
thresholds that are regimes historical range: Low
likely to be exceeded = highest 75%; High =
due to climate change lowest 25%
at any stage in the life
cycle .
Tolerance of $6: Average absolute deviation in Average absolute 97 32 8
temperature temperature across the species’ current | deviation in temperature
changes range across the species’
historical range:
Low = highest 75%);
High = lowest 25%
Inundation S7: Species is highly intolerant of Low = false; High = true | 118 1 18
intolerance inundation (can only tolerate <1 month)
and is NOT a ‘true aquatic’
Water absence $8: Species is highly intolerant of water | Low = false; High = true | 76 13 48
tolerance absence (can only tolerate <1 month)
C. Dependence on a Drought + rain $9: Species requires a period of drought | Low = false; High = true 6 0 131
specific environmental | to flower or followed by rain in order to flower or
trigger that is likely to | germinate germinate
be disrupted by climate - - - -
change Drop in water $10: Species requires a drop in water level | Low = false; High = true 5 2 130
level to flower or | in order to flower or germinate
germinate
Peculiar S$11: Species described (with justification) | Low = false; High = true | 11 0 126
germination as having a peculiar germination
requirement requirement
D. Interspecific Decreasing $12: Species requires its habitat to be Low = false; High =true | 35 0 102
interactions which positive trampled by large animals in order to
could be disrupted by/ | interactions with | make it suitable for growth
emerge as a result of other species
climate change $13: Species is carnivorous and relies Low = false; High = true | 137 0 0
upon five or less prey species, oritis a
specialist nematode feeder
Increasing S14: Species could experience increases | Low = false; High =true | 97 0 40
negative in one or more of the following as a result
interactions with | of climate change: predation, competition,
other species parasitism, disease
Number of species in each sensitivity classification 0 96 4
Percentage 0% | 70% 30%
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Table 7.3 Climate change adaptive capacity traits used to assess 137 freshwater plant taxa, including thresholds used to classify species, and the
total numbers of species falling into each category for each trait. A species can only be classified as having ‘Low’ adaptive capacity overall if it is not
classified as ‘High’ for any trait, and if there are no missing data values for any trait.

Trait Groups | Traits | Thresholds | FRESHWATER PLANTS

Total species = 137
LOW ADAPTABILITY Low High Unknown
A. Poor Extrinsic barriers to At: Extrinsic barriers to dispersal | High = occurs exclusively on 127 6 4

dispersability | dispersal

mountaintops, small islands and/or areas
where dispersal is blocked by unsuitable
habitat (natural or anthropogenic); Low =
no known barriers

Low intrinsic dispersal | A2: Median estimated dispersal

Low = >1 km/year; High =<1 km/year | 34 49 54

justification) as having a known
lack of genetic diversity (e.g. a
known historic bottleneck)

capacity distance per year
B. Poor Low rate of developing | A3: Species is only able to Low = false; High = true 137 0 0
evolvability | novel traits reproduce asexually

Low genetic diversity | A4: Species is described (with Low = false; High = true 4 0 133

Number of species in each adaptive capacity classification

1 50 86

Percentage

1% | 36% | 63%

‘low’ risk in terms of its adaptive capacity, and sufficient data
are unavailable for 86 species (63%), meaning that they are
assessed as ‘unknown’ in terms of their capacity to adapt to
change.

Within the analysis of adaptive capacity, a low intrinsic
dispersal capacity (Trait A2) is the most common trait — present
in 49 (66%) species. Data on the genetic diversity are the
most lacking, being unavailable for 133 (97%) species.

Table 7.4 summarises findings of the exposure assessments
for 129 freshwater plant species (eight species could not
be used as they lacked distribution maps). The exposure
analysis found that between 73 (56.5%) (using RCP4.5
for the 2055 period) and 129 (100.0%) (using RCP8.5
for both time periods) freshwater plants (with available
range maps) are expected to be highly exposed to climate
change. Considering the proportions of species’ ranges
that are projected to experience novel conditions (relative to
conditions in each species’ current range), we calculate that
between 1.6% (RCP4.5 for both time periods, and RCP8.5
for 2055 only) and 5.4% (RCP8.5 for 2085) of species are
expected to ‘lose’ more than half of their current range.

Species were then assessed as vulnerable to climate change
if they scored as ‘high’ under all three criteria of exposure,
sensitivity and adaptive capacity. Overall, total numbers of
climate change vulnerable freshwater plant species range
from 20 (15%) (using RCP8.5 for the 2055 period) to 34 (25%)
(for both RCPs for the 2085 time period, out of a total of 129
taxa), under an optimistic assumption of missing data values.
These numbers increase to 80 (58%), 82 (60%) and 136
(99%) for RCP4.5 and the 2055 period, RCP8.5 and the 2055
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Table 7.4 Total numbers (and percentage of all species assessed) of
freshwater plants considered highly exposed to climate change under
both timeframes and Representative Concentration Pathways (RCPs)
considered. Upper row shows numbers derived following the methods
of Foden et al. (2013) (see Chapter 2), and lower row shows numbers
for which >50% of their current range is projected to experience
climatic conditions not currently present anywhere in their range.
Note that eight species do not have range maps available, and so are
not included in this table. The exposure analysis considered 129 taxa,
a subset of the 137 investigated with distribution maps.

RCP4.5 RCP8.5
2055 | 2085 | 2055 | 2085
Numbers (and percentages) 73 129 75 129
of climate change exposed (56.5%)| (100%) | (58.1%) | (100%)

species, following the methods
of Foden et al. (2013)

Numbers (and percentages) of 2 2 2 7
species for which >50% of their | (1.6%) | (1.6%) | (1.6%) | (5.4%)
ranges are projected to experience
entirely novel conditions

period, and both RCPs and the 2085 period, respectively,
when missing data values are treated pessimistically.

In terms of the distribution of climate change vulnerable
freshwater plants across the Lake Victoria Basin (using
RCP8.5 for the 2055 period), we see an apparent gradient
from west to east (Figure 7.9) — numbers being lowest in
the west (typically six to seven species per grid cell), and
highest in the north-east and eastern periphery of the Lake
Victoria Basin (between 13 and 14 species per grid cell). In
the main body of the lake itself, 10 species of climate change
vulnerable freshwater plant species (of those assessed) are
found. In terms of percentages, this equates to 13-15% of
the plant species assessed in the north-east, south-east and
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Figure 7.9 Richness of climate change vulnerable freshwater plants (using RCP8.5 for the 2055 period). Richness data are
classified using quantiles.

eastern periphery of the Lake Victoria Basin, 11-12% of the relative risk of extinction at present should be monitored as
plant species assessed in Lake Victoria itself and surrounding they could move to a higher category of threat if conservation
its shores, and 7-10% in the western basin (Figure 7.10). The actions are not implemented.
border between Burundi and Rwanda in the western basin
is an exception to this, with 11-12% of the plant species  7.6.2 Conservation actions recommended
assessed considered climate change vulnerable.
In terms of conservation actions, education and awareness
raising is the most frequently coded action, recommended

7.6 Recommended research and for 18.5% of the species assessed. This awareness raising
conservation actions should be focussed both around the presence of individual
freshwater plant species, which may be of particular note

7.6.1 Research actions recommended due to their value for livelihoods or high relative extinction risk

for example, and around the value of wetlands. Wetlands are
Although only 0.7% of the freshwater plant species assessed often seen as wasted land and therefore a site for dumping
are listed as DD (Figure 7.1), meaning that there is insufficient waste products, or as the source of problematic animals
information available to evaluate their extinction risk, 58.5% such as mosquitoes (Smith et al., 2014). It is important
of the species assessed are coded as requiring further that the benefits of clean and healthy wetland systems are
research. In particular, research on species population communicated.
size and trend, distribution and threats is frequently
recommended. In the case of freshwater plants that are important to

livelihoods, the knowledge surrounding their traditional
Additionally, 8.1% of the species assessed are coded to uses may be important for conserving and managing
require monitoring of their population trend. Species coded the sustainable use of these species (see Chapter 10).
include both threatened species and those currently listed Conservation actions should seek to ensure that such
as LC, reinforcing the message that even species at low traditional knowledge is not lost.
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Figure 7.10 Proportion of all assessed freshwater plant species that are climate change vulnerable (using RCP8.5 for the 2055

period). Proportion data are classified using quantiles.

At the site level, 10.4% of the species assessed require site/
area management where they occur, and 3.0% require site/
area protection. Key Biodiversity Areas (KBAs), which are
sites contributing to the global persistence of biodiversity,
were identified through this project for freshwater species,
including a number of freshwater plants. However, this
project was only a starting point for the KBA delineation
process within the Lake Victoria Basin (see Chapter 11) and
there are likely more areas to be identified that are important
for plant conservation. Once these sites have been identified,
management actions should be targeted at the catchment
scale, following methods such as Integrated River Basin
Management (IRBM) or Environmental Flows (E-Flows), as
many threats to aquatic species can spread rapidly through a
catchment due to the high levels of hydrological connectivity.
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Species in the Spotlight

Water Hyacinth (Eichhornia crassipes)
Sayer, C.A!

Water Hyacinth (Eichhornia crassipes) is considered to be one of the
aquatic weeds of greatest concern for its impacts on biodiversity
globally (Room and Fernando, 1992). The attractive, large purple
flowers make Water Hyacinth a popular ornamental plant for ponds
(Figure 7.11). Deliberate introduction to water bodies for this purpose,
as well as dumping of unwanted plant material, are thought to be
the major introduction pathways of this invasive species (Global
Invasive Species Database, 2017). Water Hyacinth, native to South
America, is thought to have entered Lake Victoria after being brought
to the region for ornamental purposes in the 1980s (Ambrose, 1997).
This species spreads rapidly and now covers large swathes of Lake
Victoria in dense floating mats (Figures 7.12, 7.13). These mats have
had huge negative effects on both the native freshwater biodiversity
of Lake Victoria and the livelihoods of local people reliant on this
biodiversity (see Chapters 3-8 and 10), as well as posing health risks
to the human population (Abdelhamid and Gabr, 1991; Global Invasive
Species Database, 2017).

Given the great biomass of Water Hyacinth available where
infestations occur, several opportunities for exploitation of this
species have been investigated. Harvested Water Hyacinth has been
used as animal feed, for example for ruminants, poultry and fish,
and this use has been shown to contribute to nutrition in developing
countries (Abdelhamid and Gabr, 1991; Malik, 2007; Valk, 2015). As
Water Hyacinth grows well in eutrophicated areas, it can play a role
in nutrient removal to improve water quality and then be used as a
fertiliser by both small-holders (Valk, 2015; Wang et al., 2012) and at
industrial scales, for example in flower farms in Kenya (Global Invasive
Species Database, 2017). In the Lake Victoria Basin specifically,
women'’s associations have started to harvest and dry Water Hyacinth
branches, in place of banana and sisal fibres, to use for production of
woven furniture, baskets and ropes. These are sold across the region
in large towns and support rural livelihoods, especially for women
(Valk, 2015). However, these uses do not account for a harvest large
enough to address the scale of the problem, given the degree of
establishment and speed of reproduction of Water Hyacinth, in the
Lake Victoria Basin. Additionally, concerns have been raised that
these uses could accidentally further the spread of the species by
moving harvested individuals to new areas.

In recent years, the Kenya Organic Research Centre for Excellence
(KORCE) has been harvesting Water Hyacinth from Lake Victoria
using a mechanical harvester. This harvester is an engine-driven
conveyor which cuts the weed and pulls it out of the water at a rate
of 150 tonnes of Water Hyacinth (equivalent to two hectares in area)
per day. Mechanical removal of Water Hyacinth has been undertaken
in Lake Victoria before in combination with other control methods,
such as biological control. However, previously the cut pieces were
generally dumped on the shores of the lake. Seeds of these plants
would go on to germinate in the rainy season and then be flushed back
into the water where the plants would spread and flourish again.

However in 2013, KORCE constructed a green power plant in Kisumu
County which uses a bio-digester, fuelled by the harvested Water
Hyacinth (or any degradable waste, such as sugarcane waste,
meaning that there is no incentive to sustain the Water Hyacinth
population), to produce biogas that in turn produces electricity.
Additionally, the by-products can be used in fertiliser production.
KORCE hopes that the factory will revolutionise energy production in
the region, rejuvenate the transport and fishing sectors in the lake by
removing the large mats of Water Hyacinth that impede movement of

Figure 7.11 Water Hyacinth (Eichhornia crassipes) is an alien invasive species
in East Africa that is having a major impact on many freshwater ecosystems
of the region. It is also a popular ornamental plant for ponds. © Jennifer %%
f# (CCBY-NC-ND 2.0)

Figure 7.12 Water Hyacinth (Eichhornia crassipes) chokes the lakeshore at
Ndere Island, Kenya. © Valerius Tygart (CC BY-SA 3.0)
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Figure 7.13 A fisherman wades through Water Hyacinth (Eichhornia
crassipes) in the waters of Lake Victoria near Jinga, Uganda. © United Nations
Development Programme (CC BY-NC-ND 2.0)

boats, and also directly provide jobs to local people through work in
the electricity and fertiliser production chains. Further similar projects,
including promoting use of briquette produced from Water Hyacinth
as a biofuel at the domestic scale (Langenberg and Meijer, 2017), are
now also under way in the Lake Victoria Basin.
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Synthesis for all taxonomic groups
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8.1 Introduction

In this synthesis chapter, we combine information presented
in the individual taxonomic chapters (Chapters 3-7) in
order to consider the status and distribution of freshwater
biodiversity across the Lake Victoria Basin. We present
a combined analysis of all freshwater decapods, fishes,
molluscs, odonates and selected aquatic plants to illustrate
patterns in species richness across the basin, highlighting
groups of species of particular interest. We also investigate
the major threats that are impacting many freshwater
species, with a detailed discussion of the overall climate
change vulnerability of freshwater biodiversity. We feel
that the combined information for these taxonomic groups
provides a reasonable representation of the distribution and
status of freshwater biodiversity in the Lake Victoria Basin.
Finally, we highlight research and conservation actions that
are recommended to improve the conservation status of
many freshwater species.

8.2 Red List assessments

Of the freshwater taxonomic groups considered in this
project that have been comprehensively assessed
(considering species that had been formally described
at the time of assessment) within the region for the IUCN
Red List (decapods, fishes, molluscs and odonates), 516
species are native to the Lake Victoria Basin, of which 204
(39.5%) are endemic. Adding the subset of freshwater
plant species assessed gives a total of 651 native species
present in the basin, of which again 204 (31.3%) are endemic
(as no endemic freshwater plant species were assessed)
(Table 8.1). The numbers of native and endemic species
would both increase by approximately 300 if the known but
taxonomically undescribed haplochromine cichlid species,
as well as three recently described freshwater crab species
(Cumberlidge and Clark, 2017), were considered. Patterns
in extinction risk differ when comparing between all species
native to the Lake Victoria Basin and those endemic to the
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Figure 8.1 Proportion (%) of all assessed freshwater species
(decapods, fishes, molluscs, odonates and selected aquatic
plants) native to the Lake Victoria Basin in each Red List
Category. Note this figure includes species recently assessed
for the Red List that did not therefore require reassessment
through this project, and excludes the many hundreds of
endemic cichlid species that are not yet taxonomically
described.

basin, with a much higher degree of threat and uncertainty in
the endemic species (Figures 8.1 and 8.2, Table 8.1).

Only one freshwater species in the Lake Victoria Basin
is assessed as Extinct (EX), the endemic freshwater fish
Labeobarbus microbarbis, and no species are assessed
as Extinct in the Wild (EW) (Figures 8.1 and 8.2, Table
8.1). Additionally, 52 species are assessed as Critically
Endangered (CR) and tagged as Possibly Extinct (PE),
representing 86.7% and 91.2% of the CR species overall
and endemic to the basin, respectively (Table 8.1). All of the
CR(PE) species are endemic to the basin and are either
species of fish (e.g. Figure 8.3) or mollusc. Dedicated
extensive field assessment is required to confirm the
continued presence of the CR(PE) species. There have
been recent (2017) surveys for fish in the lake but there has
not been any lake-wide, let alone basin-wide, investigation
of the molluscs of the region since the 1950s. A few fish
species that were previously considered likely to be extinct
were recorded during the recent fish surveys, but the
majority were not sighted. However, of the approximately
300 undescribed species of endemic cichlid fish not
assessed for the IUCN Red List, at least a third are missing in
action (Seehausen et al., 1997b; Witte et al., 1992) such that
the true number of extinctions is, therefore, almost certainly
much higher.

Considering species at high risk of extinction, 111 freshwater
species (19.7% of assessed extant species excluding
those assessed as Data Deficient, DD) native to the basin
are assessed as threatened (Critically Endangered, CR;
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Figure 8.2 Proportion (%) of assessed freshwater species
(decapods, fishes, molluscs, odonates and selected aquatic
plants) endemic to the Lake Victoria Basin in each Red List
Category. Note this figure includes species recently assessed
for the Red List that did not therefore require reassessment
through this project, and excludes the many hundreds of
endemic cichlid species that are not yet taxonomically
described.

Table 8.1 Number of assessed freshwater species (decapods, fishes,
molluscs, odonates and selected aquatic plants) native to the Lake
Victoria Basin in each Red List Category. Note this table includes
species recently assessed for the Red List that did not therefore require
reassessment through this project, and excludes the many hundreds of
endemic cichlid species that are not yet taxonomically described.

Number of species
endemic to the
Lake Victoria Basin

Number of
IUCN Red List Category species
Extinct (EX)
Extinct in the Wild (EW)

Critically Endangered (CR)

Critically Endangered (Possibly

Extinct) (CR(PE))

Vulnerable (VU) 36 31
Near Threatened (NT) 13 5
Data Deficient (DD) 87 78
Total 651 204

Figure 8.3 Haplochromis (Prognathochromis) macrognathus is
assessed as Critically Endangered (Possibly Extinct) (CR(PE))
and was last seen in the early 1980s. © F. Witte (HEST)



Endangered, EN; or Vulnerable, VU) (Figure 8.1, Table 8.1),
which is comparable to the figure presented for continental
Africa by Darwall et al. (2011). The percentage of threatened
species native to the basin lies between 17.1% and 30.5%
depending on the actual patterns of extinction risk within
the DD species. When considering only endemic species,
the degree of threat is much higher with a best estimate of
76.0% (of assessed extant species excluding those assessed
as DD; 95 species) assessed as threatened (Figure 8.2,
Table 8.1). The percentage of threatened species endemic
to the basin lies between 46.8% and 85.2% depending on
the actual patterns of extinction risk within the DD species.
Conservation actions are urgently needed to tackle the
pressures within the Lake Victoria Basin that have resulted
in the deterioration of these species before this unique
biodiversity is lost.

DD species account for 13.4% (87 species) of species when
considering all taxonomically described species native to
the basin and this increases to 38.2% (78 species) when
considering only endemics among the described species
(Figures 8.1 and 8.2, Table 8.1). The high percentage of DD
endemic species, driven by the large number of DD endemic
haplochromine cichlids within Lake Victoria, supports the
recommendation for additional surveys and monitoring of
freshwater species within the basin and particularly Lake
Victoria itself.

The majority of freshwater biodiversity native to the Lake
Victoria Basin is assessed as Least Concern (LC; 67.4%) but
this value falls to only 12.3% when considering endemics
(Figures 8.1 and 8.2, Table 8.1), and would likely fall further
if the undescribed endemic haplochromine cichlid species
were considered. The high percentage of native species
at low risk is driven by the many species of widespread
odonates (Figure 8.4) and freshwater plants that occur in the
basin.

Although there has been much financial investment in
Lake Victoria in recent years, we still lack basic distribution
and population information for most taxonomic groups
investigated through this project, as standardised lake
or basin-wide surveys have not been conducted either at
all or in recent years. There is much evidence to support
declines in water quality and loss of natural habitats through
conversion to other land uses, but there are few data
available to link these environmental changes to those of the
freshwater biodiversity of the basin. As a result, many of the
Red List assessments summarised in this report are based
on inferred declines in species populations or distributions,
rather than those estimated from scientific data. This lack
of monitoring also means that changes in the real-life
situation of a species are not necessarily being detected.
There is, therefore, an urgent need for standardised surveys
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Figure 8.4 Blue Emperor (Anax imperator), assessed as Least
Concern (LC). © Henk Wallays

of the freshwater biodiversity of the Lake Victoria Basin. A
lake-wide fish survey took place in 2017 (see Chapter 4).
The results of this survey and future surveys will be used to
update and better inform Red List assessments, which will
in turn be used to track trends in the status of freshwater
biodiversity in the Lake Victoria Basin through use of tools
such as the Red List Index (RLI; see Chapter 9).

8.3 Patterns of species richness

As the patterns of species richness discussed in this
section do not include all freshwater plant species
native to the Lake Victoria Basin, nor do they include
any of the approximately 300 known but undescribed
endemic haplochromine cichlid species, nor three recently
described freshwater crabs (Cumberlidge and Clark, 2017),
any richness values given are minimum values. It should
also be noted that these figures exclude species assessed
as EX or CR(PE) and as a result, the distributions of 53
species are not considered in this discussion. The CR(PE)
species and the undescribed haplochromine cichlids are
primarily endemic to Lake Victoria itself and therefore,
their inclusion would simply accentuate the richness of the
lake for all relevant groups of species highlighted (i.e. all,
threatened and endemic species).



8.3.1 Overall species richness taxonomic groups considered. This is likely to be a sampling
artefact for most of the taxonomic groups, in particular the
The Lake Victoria Basin is rich in freshwater biodiversity ~ odonates but with the exception of the freshwater fishes, as
(patterns of overall species richness are shown in Figure the ichthyofauna of Burundi has been relatively well surveyed
8.5), with the sub-basins of lowest overall recorded species  (Banyankimbonaetal., 2012; De Vos et al., 2001).
richness still containing 45 freshwater species and the sub-
basin of greatest richness (Lake Victoria itself) containing 423 ~ 8.3.2 Threatened species richness
freshwater species considered in this report. Aside from Lake
Victoria, the highest freshwater species richness is recorded ~ With the exception of the southernmost limits of the Lake
in sub-basins on the northern side of the basin in Kenyaand  Victoria Basin in Burundi and Tanzania, all sub-basins contain
Uganda in the river systems that flow into the lake, with over ~ at least one threatened freshwater species (Figure 8.6). The
265 species considered in this report recorded per sub-basin. greatest richness of threatened freshwater species is found in
All of the taxonomic groups considered (with the exception of ~ Lake Victoria where 34 threatened and extant (i.e. not tagged
the haplochromine cichlids amongst the fishes) have relatively ~ as Possibly Extinct, PE) species are recorded, all of which are
high richness in the river systems of Kenya, while in Uganda  species of fish or mollusc, and most of which belong to the
the richness of river systems is primarily driven by odonates. ~ endemic radiation of haplochromine cichlids. This number
Sub-basins fringing Lake Victoria generally have higher ~ would likely be considerably higher if the undescribed species
species richness than those further from the lake shore. The  of haplochromine cichlid fish were also included. The Kenyan
lowest freshwater species richness is recorded in sub-basins ~ part of the basin generally has high threatened species
in Rwanda and Burundi, which contain a recorded maximum  richness, due to the presence of a number of threatened non-

of 220 and 156 freshwater species considered in this report,  haplochromine cichlid fishes, odonates and plants. Afew areas

respectively. Species richness in Burundi is low for all  that stand out as having high threatened species richness
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Figure 8.5 Richness of assessed freshwater species (decapods, fishes, molluscs, odonates and selected aquatic plants) in the
Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant) and Presence 2 (Probably Extant) and therefore, excluding
species assessed as Extinct (EX) and Critically Endangered (Possibly Extinct) (CR(PE)). It also excludes the many hundreds of
endemic cichlid species that are not yet taxonomically described. Richness data are classified using quantiles.
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relative to the surrounding sub-basins are: Lakes Bulera
(Figure 8.7) and Ruhondo in Rwanda (five threatened species
per sub-basin); Lakes Kachira and Kijanebalola in Uganda (five
and four threatened species, respectively); the Nyabarongo
Wetlands (Figure 8.8) and Lake Rweru on the border of Burundi
and Rwanda (four threatened species per sub-basin); and the
Ruvubu National Park (three threatened species per sub-
basin). As for overall species richness, some of these results
could be sampling artefacts, for example the Ruvubu National
Park is better surveyed than the surrounding non-protected
parts of Burundi.

8.3.3 Endemic species richness

Lake Victoria also stands out as the sub-basin of greatest
richness of species endemic to the Lake Victoria Basin,
primarily due to the large endemic haplochromine cichlid
species flock (not including the undescribed haplochromine
cichlids), but also because of a number of endemic freshwater
molluscs, with 126 endemic species in total of the groups
considered (Figure 8.9). The sub-basins with the next highest
endemic species richness (15-54 species per sub-basin)

Figure 8.7 Lake Bulerain Rwanda, which has high threatened and
endemic species richness. © Ken Blackwell (CC BY-NC-ND 2.0)

are found fringing the lake, and these species are primarily
haplochromine cichlids and molluscs. The spatial patterns of
endemicity are otherwise disparate between the taxonomic
groups studied.
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Figure 8.6 Richness of threatened freshwater species (decapods, fishes, molluscs, odonates and selected aquatic plants) in the
Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant) and Presence 2 (Probably Extant) and therefore, excluding
species assessed as Critically Endangered (Possibly Extinct) (CR(PE)). It also excludes the many hundreds of endemic cichlid
species that are not yet taxonomically described. Richness data are classified using quantiles.
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Outside of Lake Victoria itself, the spatial patterns of endemicity
are also generally not congruent with those of overall,
threatened and DD species richness. The exceptions to this are
in Lakes Bulera (Figure 8.7) and Ruhondo in Rwanda (four to
five endemic species per sub-basin), the Nyabarongo
Wetlands (Figure 8.8) and Lake Rweru on the border of
Burundi and Rwanda (three endemic species per sub-basin),
and the Ruvubu National Park in Burundi (three endemic
species per sub-basin), where relatively high numbers of
threatened species are also found. Although not seen across
the basin, this relationship is what we would expect given that
one of the IUCN Red List Criteria highlights species at high
risk of extinction due to restricted ranges (IUCN, 2012).

A field survey conducted as part of this project led to the
discovery of an endemic radiation of haplochromine cichlids
in the larger lakes in the upper Kagera valley (e.g. Figure 8.10)
on the border between Tanzania and Rwanda. At least 14
endemic cichlid species occur in these lakes with between
three and seven per lake (Seehausen et al., 2016). These
species are not yet described taxonomically and therefore,

Figure 8.8 The upper Nyabarongo River, Rwanda. © Water for . ) . . o .
Growth Rwanda (CC BY-ND 2.0) are not considered in this project. However, their inclusion
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Figure 8.9 Richness of freshwater species (decapods, fishes, molluscs, odonates and selected aquatic plants) endemic to the
Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant) and Presence 2 (Probably Extant) and therefore, excluding
species assessed as Extinct (EX) and Critically Endangered (Possibly Extinct) (CR(PE)). It also excludes the many hundreds of
endemic cichlid species that are not yet taxonomically described. Richness data are classified using quantiles.
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Figure 8.10 Lake Ngoma is one of the Kagera lakes and occurs
within Kimisi Game Reserve in Tanzania. There are seven
undescribed haplochromine cichlid species native to the

would increase the richness of endemic species in the upper
Kagera valley depicted in Figure 8.9.

8.3.4 Data Deficient (DD) species richness

Finally, Lake Victoria is also the sub-basin of greatest
richness of DD species, primarily due to the presence of the
large and poorly known haplochromine cichlid species flock,
with 75 DD species in total among the described species
(Figure 8.11). The sub-basins fringing the lake have the next
highest richness of DD species, with five to 35 species
per sub-basin. Close to all sub-basins in the eastern Lake
Victoria Basin (Kenya and much of Tanzania) contain at least
one DD freshwater species, whereas in the western basin
most sub-basins do not have any DD species. The pattern
in the eastern part of the basin is due to the presence of
three DD species with overlapping distributions: the plant
Bulbostylis trabeculata, the mollusc Cleopatra guillemei and
the fish Enteromius loveridgii (Figure 8.12). Where DD species
are found in the western part of the basin, their current known

lake. Lakes Nyawambabhili and Ngoma are connected and the
endemic species are shared between the lakes. © S. Mwaiko &
M. Kishe-Machumu

distributions are restricted to single or few sub-basins, for
example: the freshwater shrimp Macrobrachium lujae that
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Figure 8.11 Richness of Data Deficient (DD) freshwater species (decapods, fishes, molluscs, odonates and selected aquatic plants)
in the Lake Victoria Basin, based on spatial data coded as Presence 1 (Extant) and Presence 2 (Probably Extant). It excludes the
many hundreds of endemic cichlid species that are not yet taxonomically described. Richness data are classified using quantiles.
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occurs in the catchment around Lakes Bulera (Figure 8.7)
and Ruhondo in Rwanda; and the Yellow-fronted Longleg
(Notogomphus flavifrons), a dragonfly, known from a few
localities in south-west Uganda and Rwanda.

8.3.5 A general consideration on the structure
in species richness

Much of the endemic species diversity that makes the region
a biodiversity hotspot has arisen during an adaptive radiation
into hundreds of haplochromine cichlid species that evolved
in geologically recent times within the region. These species
are closely related yet form very species rich assemblages
where more than 60 species can coexist in a local region. The
major threats to species survival and means of mitigation in
such systems differ fundamentally from those in systems in
which most species are unrelated. The reason is that the
coexistence of many related species relies on the
heterogeneous environmental conditions under which such
diversity evolved in the first place, and is highly vulnerable to
changes in the environment that affect niche overlap and
interspecific hybridisation. When these mechanisms are
eroded, such as when clear oligotrophic lakes become
eutrophic and turbid, or environments become more

homogeneous otherwise, endemic species richness can
implosively collapse through the loss of reproductive isolation
and ecological species differentiation (Seehausen et al.,
2008). Consistent with the data, the major taxonomic groups
assessed in this report are, therefore, expected to differ
greatly in their vulnerability. Because the radiation mostly
happened within the large and habitat-heterogeneous lake,
and also in some smaller lakes in the region, but not in rivers,
we expect systematically different patterns in the distribution
of overall richness, threatened, endemic and DD richness
between the sub-basins, and this is indeed what we see.

8.4 Major threats

Documenting threats to species is an important starting
point for guiding conservation actions. In this section, the
major threats negatively impacting freshwater species in
the Lake Victoria Basin are discussed: pollution, biological
resource use, agriculture and invasive species. Other
threats are recorded as impacting freshwater species in
the basin (Figure 8.13) but here we focus on those that are
most prevalent, to highlight the threatening activities that if
reduced or stopped could benefit the most species.

Figure 8.12 Aerial view of the Mara River in Kenya, where the Data Deficient (DD) Enteromius loveridgii is found. © colinjackson1972
(CCBY-NC 2.0)
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Figure 8.13 Number of assessed freshwater species (decapods,
fishes, molluscs, odonates and selected aquatic plants) coded
to each high level threat, displayed for all species (blue) and
only threatened species (red).

8.4.1 Pollution

Pollution is the most frequently coded threat affecting 57.7%
(369 species) of all species and 88.3% (98 species) of
threatened species native to the basin, respectively (Figure
8.13). Pollution enters the riverine and lacustrine systems
of the Lake Victoria Basin in many forms: as agricultural
effluents, including nutrient loads, herbicides and pesticides,
and sediments; as industrial effluents (Figure 8.14), including
those from mining; and as domestic sewage, solid waste and
pharmaceuticals from urban areas. The wetlands surrounding
Lake Victoria would previously have acted as natural filters of
this waste material. However, the problem of pollution is now
exacerbated as many of these wetlands have been converted
into settlements and this urbanisation subsequently increases
the volume of pollutants reaching the lake (Allan, 2004).

Eutrophication of water bodies is one of the main con-
sequences of pollution, and this presents a serious problem
across Africa (Nyenje et al., 2010). Within Lake Victoria, heavy
nutrient loads from agricultural lands, industries (such as
food processing) and urban areas have resulted in the near
shore areas becoming highly affected by eutrophication, with
hotspots found in Winam Gulf, Murchison Bay, Kisumu Bay,
Mwanza Gulf and Napoleon Gulf. This eutrophication threatens
the survival of freshwater species, which suffer mortality
(Hecky, 1993; Hecky et al., 2010) or undergo speciation reversal
(see Chapter 4; Seehausen et al., 1997a) as water quality and
clarity deteriorates, and also leads to the simplification of plant
assemblages (Darwall et al., 2009) due in part to the spread
of invasive species, such as Water Hyacinth (Eichhornia
crassipes).

Toxic pollutants, if present in water bodies, can be ingested
by freshwater fauna leading to damage, mortality or
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Figure 8.14 Polluted water from a leather tannery. © Magnus
Franklin (CC BY-NC 2.0)

reproductive problems. Toxic pollutants from agricultural
sources include pesticides and herbicides, which have been
shown to build up in the flesh of fish species (e.g. Ogwok et
al., 2009), whereas industries often release heavy metals,
which can be particularly toxic for molluscs (e.g. Oguttu et
al., 2008).

8.4.2 Biological resource use

Biological resource use, incorporating harvesting of aquatic
resources, wood and plants, is the next most frequently
coded threat when considering all species native to the basin
and affects 45.2% (289 species) of species. It also affects a
high proportion of threatened species (71.2%, 79 species)
(Figure 8.13).

While harvesting of freshwater molluscs (for example the
shells of the gastropod Pila ovata are harvested and used
for paint and fertiliser; C. Lange pers. comm., 2016) and
decapods (for example, some crab species are harvested
for human food; N. Cumberlidge pers. comm., 2016) occurs
in the Lake Victoria Basin, this is generally at low levels for
subsistence and does not pose a threat to the species overall
survival. It is the harvesting of fishes, predominantly for use
as food for humans (Figure 8.15) and as live bait for longline
fisheries, that primarily drives the inclusion of biological
resource use as a major threat to freshwater biodiversity in
the basin and this is discussed in detail in Chapters 4 and 10.



Figure 8.15 Cooking fish in Kampala, Uganda. © Rory Mizen (CC
BY-NC 2.0)

Logging of wood and gathering of plants also pose a major
threat to freshwater species. This can occur either directly
through the removal of individuals leading to species
mortality (for example as plant species are intentionally
gathered for use, or are logged for charcoal production)
or indirectly due to the consequent degradation and
loss of species habitats. Deforestation and associated
disturbances in catchments can result in significant
changes in the functioning of freshwater systems, including
biogeochemical, thermal and hydrological changes (Allan,
2004). Deforestation leading to habitat destruction is the
primary threat to odonates in the basin.

8.4.3 Agriculture

Clearance of land for agricultural use, both arable and
pastoral, is the primary driver of deforestation in the Lake
Victoria Basin. More than 70% of the human population of
the basin is involved in agricultural production, primarily at a
small-scale on mixed farms that grow a variety of products
(such as maize, tea (Figure 8.16), coffee and legumes) (Zhou
et al., 2014), although agro-industry scale farming is also
prevalent, as demonstrated by the presence of a number of
large scale flower farms and oil palm plantations. Agriculture
negatively affects a similar proportion of the freshwater
species of the basin as biological resource use (44.0%,
281 species) but is much less frequently coded as a threat
to threatened species (17.1%, 19 species) (Figure 8.13). It
is mainly odonates that are threatened by agriculture and
this group has low overall extinction risk. However, this does
not mean that these species or threats should be ignored
as, if not stopped or minimised, these threats could lead to
species becoming threatened with extinction in the future.
The threat of agriculture is also very intertwined with the
significant threat of pollution discussed above.
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Figure 8.16 Kiambethu Tea Farm in Limuru, Kenya. © Ninara (CC
BY 2.0)

8.4.4 Invasive species

Invasive species are considered to be the second largest threat
to biodiversity globally (Bellard et al., 2016) and fresh-water
systems are particularly vulnerable to this threat due to their
relative ease to invade and the severe and wide-ranging
consequences of invasion (Moorhouse and Macdonald, 2015).
Within the Lake Victoria Basin, invasive species are coded as a
threat to 30.8% (197 species) of all native species and 73.0%
(81 species) of threatened native species (Figure 8.13). Invasive
species are particularly worrying in the context of freshwater
decapods, fishes and molluscs, but fortunately are not yet
considered to be major threats to the odonates and aquatic
plants of the basin according to the results of our study.
Invasive species threatening particular taxonomic groups
within the freshwater biodiversity of the basin are discussed in
the individual taxonomic chapters but two invasive species
stand out as threats to freshwater bio-diversity overall: Nile
Perch (Lates niloticus) and Water Hyacinth. These invasive
species are discussed in detail in the Chapter 3: Species in the
Spotlight - Caridina nilotica and the Nile Perch fishery and
Chapter 7: Species in the Spotlight - Water Hyacinth
(Eichhornia crassipes) sections.

Stresses caused to native species by invasive species in the
Lake Victoria Basin include:

ecosystem degradation, for example the formation of mats
of Water Hyacinth (Figure 8.17) dramatically decreases
light and oxygen levels in the water column (Global Invasive
Species Database, 2017);

speciation reversal by hybridisation, which can occur
between species of haplochromine cichlids, due to
ecosystem degradation interfering with visual mate
recognition cues (Mrosso et al., 2004; Seehausen, 2006);



iii) species mortality, for example Nile Perch predates upon
haplochromine cichlids, with the likely extinction of a large
fraction of the endemic haplochromine cichlids of Lake
Victoria being attributed to this species (Witte et al., 1992);
and

iv) competition, for example Nile Perch also competes with
piscivorous haplochromine cichlids (McGee et al., 2015).
Similarly, the Louisiana Red Crayfish (Procambarus clarkii)
competes with native decapod species (Global Invasive
Species Database, 2015).

Additional to invasive species from outside the region,
invasions of species within the region (through translocation
between lakes or between islands within Lake Victoria) pose a
hitherto unrecognised major threat to endemic biodiversity.
Many smaller lakes within the region host endemic
haplochromine cichlid species or subpopulations of the two
native Oreochromis species. Translocation of cichlids
between the smaller lakes or translocations from Lake
Victoria to the smaller lakes have occurred repeatedly, often
perhaps as an unintended by-product of stocking with Nile
Tilapia (O. niloticus). Such translocations can lead to loss of
species through hybridisation and competition, and sometimes
through predation. A major source of translocations is the
booming trade in baitfish for longline fishery. Endemic
haplochromine cichlids are caught in large quantities at rocky
shores and offshore rocky islands and are transported long
distances across the lake alive in the bottom of fishing
vessels before they are sold to Nile Perch longline fishermen.
Fish that escape from the boats or from the longlines can
establish subpopulations outside their native range or
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directly hybridise with local species. Besides haplochromine
cichlids, mormyrids and catfish are also targeted by this
trade. The trade involves, besides lake transport in boats,
trafficking live fish in plastic containers tens of kilometres
over land (by specialised motorbike couriers) and connecting
otherwise isolated water bodies. One important recent
source of baitfish for the longline fishery in the Ugandan
sector of Lake Victoria is the Victoria Nile downstream of
major rapids, potentially introducing endemic Victoria Nile
species into Lake Victoria.

Management and control of invasive species and of species
translocations in the Lake Victoria Basin is required to
safeguard the native freshwater biodiversity, as well as
increased public awareness of the negative impacts of
invasive species and species translocations on aquatic
biodiversity. The awareness of the problems associated with
local invasions due to intra-basin translocations of native
species is currently strongly underdeveloped. This needs to
change if the high beta diversity of the region with its many
sub-basin endemics is to be safeguarded. Management
information for invasive species is summarised in the Global
Invasive Species Database (GISD; http://www.iucngisd.org/
gisd/) and the Global Register of Introduced and Invasive
Species (GRIIS; http://www.griis.org/), which are both
managed by the IUCN Species Survival Commission (SSC)
Invasive Species Specialist Group (ISSG; http://www.
issg.org/), and the CABI Invasive Species Compendium
(http://www.cabi.org/isc/). These databases and similar
resources should be consulted when developing strategies
to tackle this threat. In addition to the practical difficulties of

Figure 8.17 Invasive Water Hyacinth (Eichhornia crassipes) at Lake Kyoga, Uganda. © lhougaard (CC BY-NC-ND 2.0)
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controlling invasive species, this can be a conflicting issue
in some cases where non-native species have important
livelihoods value to the human communities of the basin. For
example, non-native Nile Perch and Nile Tilapia are two of
the main commercial fish species in Lake Victoria (Budeba
and Cowx, 2007), as well as being taken in subsistence
fisheries (see Chapter 10). Unfortunately, in some cases
conservation actions will come too late, for example the only
confirmed EX species in the Lake Victoria Basin, the fish
Labeobarbus microbarbis, was driven to extinction by the
introduction of non-native tilapia and haplochromine cichlids
in Lake Luhondo (De Vos et al., 1990). Many other species,
haplochromine cichlids in particular, are assessed as CR(PE)
as a consequence of the introduced Nile Perch and Nile
Tilapia. Intensive survey of Lake Victoria and its satellite lakes
is required to determine which of these species still survive.

8.5 Climate change vulnerability
8.5.1 Synthesis

With regard to the climate change vulnerability analyses, a
number of key findings stand out. Our assessment of the
region’s freshwater fishes suggests that, as a group, these
species are notably vulnerable, having high sensitivity,
seemingly limited adaptive capacity and an expected
high exposure to change (including a high prevalence
of novel conditions across the ranges of many species).
This may be especially true in this system because of the
many sympatric closely related fish species (members
of the cichlid radiation), the maintenance of which hinges
on the persistence of those ecological and environmental
conditions under which these species evolved to begin
with. Given the high importance of this group in supporting
peoples’ livelihoods (see Chapter 10), we suggest that
freshwater fishes should be a priority for monitoring and,
as appropriate, conservation action to reduce the negative
impacts of climate change.

The region’s freshwater molluscs are suggested as having
medium sensitivity to climate change. However, this is
coupled with high levels of uncertainty, indicating key areas
for future research. The adaptive capacity of this group
is assessed as being relatively high, and the expected
exposure to change as medium. Relative to other groups
assessed here, molluscs appear to be a lower priority for
climate change-related conservation actions.

As with molluscs, the odonates also show medium levels
of sensitivity with high levels of uncertainty (odonates have
the greatest uncertainty among all groups). Odonates are
suggested as having a high capacity to adapt to change
(again with some uncertainty) and are projected to only
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experience low levels of exposure to change. Additionally,
most species are quite widely distributed outside the
Lake Victoria region. Given the high levels of uncertainty
surrounding the vulnerability of the Lake Victoria Basin’s
odonates to climate change, we suggest monitoring
of this group with respect to climate change impacts
(and conducting research, as required), and developing
management strategies as deemed appropriate.

The freshwater plants assessed here show high sensitivity to
climate change across a large number of species, but high
levels of uncertainty in terms of their adaptive capacity. They
are also projected to experience only low levels of exposure
to change. As with the odonates, we suggest increased
monitoring and research into the impacts of climate change
on the Lake Victoria Basin’s freshwater plants, and any
responses that species may exhibit. Moreover, it should
be noted that the freshwater plant species assessed in this
work represent only a small subset of those present in the
region, and our findings, therefore, may not necessarily
hold true across all species. As such, we recommend that
future research of this nature considers a larger number of
freshwater plant species.

8.5.2 Geographic areas for action

The maps showing numbers and proportions of climate
vulnerable species, presented in the respective taxonomic
chapters (see Chapters 4-7), can provide some insights
into where targeted actions to increase the resilience of
biodiversity to climate change may be most effective (i.e.
could benefit the greatest numbers of species or those
species of greatest conservation concern). Areas standing
out among these maps as containing large numbers of
climate change vulnerable species include the eastern
Lake Victoria Basin (notably for freshwater plants and non-
haplochromine cichlid fishes), a small area directly north of
Lake Victoria itself close to the city of Kampala (notably for
molluscs and odonata), and the lake itself.

When considering these maps, it is important to bear in
mind that high densities of vulnerable species should not
necessarily be a prerequisite for action, and that areas
with low overall richness (typically also supporting low
numbers of climate change vulnerable species) may still
contain species requiring attention. The maps presenting
proportions of climate change vulnerable species (see
Chapters 4-7) go some way towards addressing this, and
in most cases actually show congruence with the maps
displaying total species numbers. Nevertheless, based on
these ‘percentage maps’, the following additional areas
may also warrant attention: i) for freshwater plants, the
vast majority of the Lake Victoria Basin contains similar
proportions of climate change vulnerable species (excepting



the far north-west and south-west), but with increased levels
of species vulnerability in the central Lake Victoria Basin
(including the lake itself), compared with that indicated by the
vulnerability richness maps alone; and ii) for molluscs, the
eastern, south-eastern and southern Lake Victoria Basin, all
areas not highlighted by the vulnerability richness map, are
indicated as supporting high proportions of climate change
vulnerable species.

There is also considerable regional variation in the richness of
climate change vulnerable species within Lake Victoria itself,
driven by geographical variation in haplochromine cichlid
richness and vulnerability. This variation is not obvious from
the maps presented here due to the lack of available data on
the distribution of freshwater species within the lake at the
time of assessment. The largest richness overall and that of
climate change vulnerable species can be found along and off
the west coast of the lake and on the western side of Ukerewe
Island (Tanzania). However, the greatest proportion of climate
change vulnerable species will be found in the offshore central
sectors of the lake where several endemic deep water species
of cichlids persist. Climate change affects the duration and
strength of lake stratification, likely causing delayed oxygen
replenishment in deep waters. This will very quickly become
a serious problem for deep-living fish and other fauna when
coinciding with organic pollution and increased productivity
(eutrophication). Indeed, extensive hypoxic deep water zones
where observed in the 1990s and 2000s, and it is feared that
some profundal endemics went extinct in the course of this
(Verschuren et al., 2002). The entire deep water assemblage is
at risk of sudden extinction under climate change.

It is also important to note that a given species may be
considered vulnerable to change but not necessarily
throughout its entire range. Consequently, the maps
presented here are only able to indicate areas where high
numbers or proportions of climate change vulnerable species
occur, and may not necessarily indicate those areas where
impacts will be greatest. As such, these maps should only be
seen as a rough guide for priority setting. For those wishing
to use our findings for planning and strategy development
purposes, we strongly recommend first reading Chapter 13,
which focuses on systematic conservation planning.

8.5.3 Conclusions and general
recommendations

The results of our climate change vulnerability assessments
can be used to inform specific actions to increase the
resilience (or reduce the vulnerability) of individual or groups
of species. Before considering such targeted, climate
change-specific measures, however, it is important to be
aware that several options exist which can be considered
‘no-regrets’ in nature (i.e. will provide benefits irrespective
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of the surrounding uncertainties), and which are not
typically considered as part of the toolkit for those aiming
to ameliorate the impacts of climate change. Among others,
these include: increasing the extent and representation (for
freshwater biodiversity) of protected areas and protected
area networks; reducing eutrophication and the immediate
threat to deep water fauna that arises from the interaction
of eutrophication with climate change (Kaufman, 1992;
van Zwieten et al., 2016; Verschuren et al., 2002); and
reducing non-climate change-related threats to biodiversity
(Mawdsley et al., 2009).

Mawdsley et al. (2009) present an excellent review of climate
change adaptation strategies for wildlife management
and biodiversity conservation, and we recommend that
practitioners make reference to this document when
considering options available to them for addressing the
impacts of climatic changes on their site, species and/
or species assemblage of interest. They also describe
measures that may not necessarily be considered no-
regrets in nature, such as the translocation of a species,
the establishment of ex situ subpopulations, or the direct
management of some component of the ecosystem to
ameliorate the projected impacts. While we strongly
advocate the use of no-regrets strategies, including those
listed above, it is becoming increasingly apparent that
additional, often more contentious, measures may soon
be required in order to safeguard many species from the
impacts of climate change. When considering such options,
it is important to consider any potential unintended impacts
of these actions, whether on humans or wildlife, in order
to avoid maladaptive practices. Specifically for the Lake
Victoria region we have to issue an additional warning:
much of the endemic species diversity of the region is
due to an adaptive radiation into hundreds of species that
evolved in geologically recent times and now form very
species rich and ecologically diverse assemblages. The
heightened vulnerability of such species to environmental
change and interspecific hybridisation have to be carefully
considered before any ex situ measures or translocations
are considered. With this important caveat in mind, we
encourage use of the data gathered through this work
(and in particular the data presented in the Supplementary
Material (Climate Change)) to assist in development of robust
management plans, and suggest some broad measures that
managers may consider, below.

Based on the most prevalent species traits documented in
this work, the following measures may be useful in reducing
the impacts of climate change on the assessed species:

i) the monitoring of physical conditions (e.g. temperature,
chemistry, turbidity, oxygen concentrations (in deep
water), sedimentation etc.; Figure 8.18) of aquatic



Figure 8.18 Sensors taking underwater measurements of
dissolved oxygen, chlorophyll, temperature and water
clarity. Note this image is not from Lake Victoria. © Fondriest
Environmental (CC BY-NC 2.0)

habitats as a result of climate change impacts, and
measures to minimise any major changes therein (e.g.
through the protection, creation or restoration of riparian
habitats and the restoration of oligotrophic conditions);

i) the removal of dispersal barriers that may prevent
species from relocating to newly suitable areas (to be
avoided for the endemic haplochromine cichlid species),
although we recognise that this may be difficult to
address where no further suitable habitat exists, such as
for lake endemic species;

iii) the monitoring of species dispersal under climate
change, and the consideration of measures to assist
species dispersal, if deemed appropriate® (to be
avoided for the haplochromine cichlids due to high local

1. Highly vulnerable
Of greatest concern
Specific research
needed. Interventions
probably needed

2. Potential adapters

Exposed

endemism but relevant for other groups, most notably
plants, molluscs and some odonates); and

iv) ensuring that management actions aim to maintain
heterogeneity of habitats, including associated
microhabitats (e.g. small streams, swamps, the profundal
lake zone) that may be impacted by climate change (in
particular by changes in precipitation and hydrology)
(notably important for odonates and freshwater plants),
and to maintain high habitat quality of both soft and rocky
bottom habitats along the entire water depth gradient
within Lake Victoria (important for fishes, especially for
haplochromine cichlids).

When considering species’ traits for the development of
conservation strategies, one should note that although this
report has focussed on species that are exposed, sensitive
and have low adaptive capacity (since they are of highest
vulnerability to climate change), other combinations of these
vulnerability components are also informative (Figure 8.19).
For example, for species recognised as sensitive and with
low adaptive capacity but not exposed (considered to be
‘biologically susceptible’ or of ‘high latent risk’) it may be
prudent to monitor climatic changes throughout their ranges,
particularly as there is often high uncertainty associated
with many climate change projections, as well as with our
understanding of levels of exposure to change that are
biologically significant for each species (note that biologically
susceptible species are considered in the systematic
conservation planning exercise discussed in Chapter 13).
For species recognised as exposed and sensitive, but
believed to be capable of adapting (‘potential adapters’), it
may be wise to monitor presumed adaptive responses to
ensure that they are occurring. For species other than the
endemic cichlid radiation, it may also be wise to provide
appropriate support (e.g. assisted breeding, translocation,
corridor creation, etc.) wherever necessary. However, we

3. Potential persisters
May not be threatened
Monitor population trends

Low
adaptive

capacity 4. High latent risk

May not be threatened No current threat
Monitor support Monitor environment
adaptive responses Biologically
susceptible

Figure 8.19 Components of the climate change vulnerability framework and considerations in the development of conservation

strategies.

5 Those considering translocation or assisted colonisation measures are advised to refer to IUCN’s guidelines on this topic, available here: https://

portals.iucn.org/library/efiles/documents/2013-009.pdf



cannot recommend the latter type of action for the endemic
haplochromine cichlids. Finally, for species that are poor
adapters and are highly exposed but are not highly sensitive
(‘potential persisters’), monitoring of population trends is
important to ensure populations are showing the anticipated
resilience; reduction of other threats to enhance persistence
is likely to be an important and effective conservation
strategy for this species type. Species that meet only one
vulnerability dimension, as well as those meeting none, are
the least vulnerable to climate change.

Finally, we reiterate that management actions should
consider the wider context prior to implementation, including
(but not necessarily limited to): the social implications of
interventions; the potential indirect impacts on non-target
species of interventions; any underlying uncertainties
associated with the original vulnerability assessment(s)
(including with input data, such as climate projections); the
possible geographic variation in a given species’ vulnerability
(i.e. are actions being targeted in the right place?); and, where
possible, the full complexity of the underlying mechanism(s)
associated with a given species’ vulnerability. In order to
address this last point, as well as to better understand
uncertainties surrounding our vulnerability assessments,
the Supplementary Material (Climate Change) contains a
species-by species breakdown of all traits considered, and
can be used to help identify the most appropriate, species-
specific actions to reduce the impacts of climate change.

8.6 Recommended research and
conservation actions

Research and conservation actions recommended at
the species level are documented as part of Red List
assessments, and these recommendations are a good
starting point for guiding relevant conservation strategies.
The recommended research and conservation actions
coded for freshwater biodiversity native to the Lake
Victoria Basin are shown in Figure 8.20. For research and
conservation recommendations related to the climate
change vulnerability of species see 8.5 Climate change
vulnerability. Additional research and conservation actions
for the several hundred endemic haplochromine cichlid fish
are best defined at the assemblage level.

A careful examination of the appropriateness and complete-
ness of mitigation measures that are successful in other
systems is required, given that the bulk of the species
endemic to the region have evolved within the region and
form rich assemblages of many closely related species that
are vulnerable to rapid extinction through changes in
ecological and reproductive species interactions, including
speciation reversal (Seehausen, 2006).
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8.6.1 Research actions recommended

Research and monitoring of species are the two most
frequently coded recommended actions for freshwater
species of the Lake Victoria Basin, with further research
recommended for 71.0% (454 species) of all species and
44.1% (90 species) of threatened species, and monitoring
recommended for 63.2% (404 species) of all species and
45.6% (93 species) of threatened species (Figure 8.20).
These recommendations are given both for DD species
and for species for which an evaluation of extinction risk
was possible, but for which more data or standardised
and repeated datasets would be beneficial for the species
conservation.

In many cases, this lack of information can be addressed
through field surveys. There is an urgent need for
standardised surveys of the freshwater biodiversity of the
Lake Victoria Basin. Sub-basins with high richness of DD
species are highlighted in Figure 8.11 and those of high
richness of threatened species are highlighted in Figure
8.6. Sub-basins with high richness in both should be high
priorities for field work as the DD species found here are likely
to be at risk. Lake Victoria itself represents a priority for field
surveys due to the high richness of endemic, threatened and
DD species found within the lake.

There is a similarly urgent need for taxonomic descriptions of
the many still undescribed species of the Lake Victoria Basin,
which are primarily haplochromine cichlid fish endemic to the
lake itself but also to some of the smaller lakes. It is possible
to assess undescribed species for the IUCN Red List but a
number of conditions need to be met, for example there must
be a conservation benefit of assessing the species and work
should be underway to describe them (IUCN Standards and
Petitions Subcommittee, 2017). Due to the large number
of undescribed species within the basin and the limited
capacity to do this work (see Chapter 4), there is a risk that
a number of these species will go extinct before they have
been assessed.

8.6.2 Conservation actions recommended

In terms of conservation actions, land or water management
is the most frequently recommended action and is coded
for 47.1% (301 species) of all species and 40.7% (83
species) of threatened species (Figure 8.20). In most cases
management actions should be targeted at the catchment
scale, following methods such as Integrated River Basin
Management (IRBM) or Environmental Flows (E-Flows),
as many threats to aquatic species can spread rapidly
through a catchment due to the high levels of hydrological
connectivity. A large lake in the centre of the catchment acts
as a sink for chemical and biological stress factors and its
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Figure 8.20 Number of freshwater species (decapods, fishes, molluscs, odonates and selected aquatic plants) coded against each
required high level research or conservation action, displayed as for all species (blue) and threatened species (red).

deep profundal zone is especially vulnerable to these factors
accumulating.

In approximately half as many cases (for 20.8% (133 species)
of all species and 29.9% (61 species) of threatened species),
land or water protection is also advised (Figure 8.20). This
protection could be recommended for species that are
habitat specialists and only found in restricted habitats, for
areas of key importance to species, for example breeding or
spawning areas, or for areas that harbour exceptionally rich
assemblages of endemic species. Key Biodiversity Areas
(KBAs), as sites contributing to the global persistence of
biodiversity, identified through this project for freshwater
species (see Chapter 11) and together with the existing
protected areas network, provide a basis for a proposed
network for freshwater biodiversity conservation in the Lake
Victoria Basin produced using systematic conservation
planning techniques (see Chapter 13). Where freshwater
species of conservation priority are present in existing
protected areas or other management units it is important
that this is communicated to site managers and strategies
for their conservation are incorporated into existing
management plans.

Education and awareness raising are recommended to
highlight the conservation needs for 21.3% (136 species) of
all species and 29.9% (61 species) of threatened species
(Figure 8.20). In addition to education on the importance
of individual freshwater species and unique endemic
assemblages, it is important to communicate widely the
benefits of clean and healthy wetland systems that support
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high freshwater species diversity. Both within and outside
the Lake Victoria Basin, wetlands are often seen as wasted
land, and therefore a site for dumping waste products, or
as the source of problematic animals such as mosquitoes
(Smith et al., 2014). It is important that the importance of
wetland systems is shared with a number of target groups,
from the communities who directly rely on freshwater
biodiversity to support their livelihoods up to individuals in
the governments of the five countries of the basin. It is the
latter individuals who will be best placed to influence laws
and policies, as is recommended for 19.1% (122 species) of
all species and 28.4% (58 species) of threatened species
(Figure 8.20).

Finally, it has become increasingly apparent that there is
insufficient information on the distributions and ecology of
the majority of freshwater species in the Lake Victoria Basin.
At present some taxonomic groups, for example molluscs
and haplochromine cichlids, are reported at the genus level
or higher in parts of the scientific literature and also in
fisheries data collection and reporting. These data cannot
be used to inform conservation work without assumptions
being made regarding, for example, the identity of the record
at the species level when considering distribution data, or
the proportion of each species in a catch when considering
fisheries data. Research and monitoring at the species level
are therefore recommended as the basis for all future
conservation actions and for monitoring the effects of these
actions. A reliable information baseline on freshwater
species must be established, maintained and monitored in
the future.
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Chapter 9

Monitoring trends in the status of
freshwater biodiversity within the Lake
Victoria Basin: the IUCN Red List Index
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9.1 Introduction between assessments as a result of genuine improvement

or deterioration in status (changes in category resulting from
The IUCN Red List Index (RLI) is used to measure trends improved knowledge or revised taxonomy are excluded)
in the overall extinction risk of groups of species, as an (Bubbetal., 2009).
indicator of trends in the status of biodiversity (Bubb et
al., 2009). Extinction is a key measure of biodiversity loss The RLI can be calculated using Equation 9.1 (Butchart et al.,
and as a result, the RLI has been adopted as a biodiversity 2007):

indicator by a number of international conservation policies 2 ” (i.s)
K c (s

and agreements. For example, the global RLI has been used RLI =1 - ——"

to track progress towards the Convention on Biological ! PPEX N

Diversity’s (CBD) 2010 Biodiversity Targets and Aichi Bio-
diversity Targets, and the Millennium Development Goals,
while subsets of the RLI have been used to track progress
under various multilateral environmental agreements such Where W, is the weight of category c for species s at time
as the Ramsar Convention and the Convention on Migratory t, W, is the weight for the category Extinct (EX), and N is the
Species (CMS) (Bubb et al., 2009; Butchart et al., 2005, 2010; number of assessed species excluding those considered
Tittensor et al., 2014). Data Deficient (DD) in the current time period and those

considered to be EX in the year the set of species was

first assessed. The category weights (c) used are: Least

Equation 9.1 Equation to calculate the IUCN Red List Index (RLI)
following Butchart et al. 2007.

9.2 Method Concern (LC), 0; Near Threatened (NT), 1; Vulnerable (VU),
2; Endangered (EN), 3; Critically Endangered (CR), 4; and

9.2.1 Calculation Extinct in the Wild (EW) and EX, 5.

The RLI is based upon the categories of species extinction In simple terms, to calculate the RLI the number of species

risk as published on the IUCN Red List. All species within the in each Red List Category is first multiplied by the category
group being investigated must have been assessed for the weight. These products are then summed and divided by
IUCN Red List at least twice in order to calculate the RLI. The the maximum possible product (the number of species
RLlI is calculated from the number of species in each Red List multiplied by the maximum weight) and then subtracted from
Category and the number of species changing categories one. The index produced can take any value from O to 1.

' Freshwater Biodiversity Unit, Global Species Programme, IUCN (International Union for Conservation of Nature), David Attenborough Building,
Pembroke Street, Cambridge, CB2 3QZ, UK
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A RLI value of 1 indicates that all species are LC, whereas
a RLI of 0 indicates that all species are EW or EX. Declines
in RLI values over time indicate that the expected risk of
extinction is increasing, unchanging RLI values indicate
that the expected risk of extinction is remaining the same,
and increases in RLI values over time indicate that the
expected risk of extinction is decreasing.

It is possible to disaggregate global RLIs to show trends
at finer scales, for example at national or regional scales.
RLIs at sub-global scales can either be based on global
or regional Red List assessments. If considering global
assessments then it is necessary to assess for each
species within that region that underwent a genuine
change in its status (as indicated by movement between
Red List Categories) whether the processes driving this
change also occurred within the region (Bubb et al., 2009).

9.2.2 Red List Indices (RLIs) for the Lake
Victoria Basin

The freshwater crabs, molluscs, odonates and non-
haplochromine cichlid fishes were all eligible to have RLIs
calculated for the Lake Victoria Basin as all the species
in these taxonomic groups have been assessed for the
Red List at least twice. Aquatic plants were excluded from
the calculation as the Red List assessments of this group
are not complete for all species native to the basin (see
Chapters 2 and 7). Freshwater shrimps were also excluded
as they have only been assessed once (see Chapters 2 and
3; De Grave et al., 2015).

Individual RLIs were calculated for each taxonomic
group as the time frames of the Red List assessments
differed between groups. It should be noted that this
disaggregation to individual taxonomic groups reduces the
sample sizes and, therefore, the robustness of the trends.

Freshwater molluscs, odonates and fishes (excluding
the haplochromine cichlids) were assessed most
recently through this project (see Chapters 4, 5 and 6)
and previously as part of the assessment of freshwater
biodiversity across continental Africa by Darwall et al.
(2011). Assessments conducted for this project were
completed over two years (2015 and 2016) and were
reviewed in 2016. The most recent time point was,
therefore, chosen to be 2016. The assessments presented
in Darwall et al. (2011) were completed over a number
of years (2003-2009) but all were reviewed in 2009.
Therefore, 2009 was chosen as the previous time point
for assessment. The RLIs for molluscs, odonates
and fishes (non-haplochromine cichlids), therefore,
compare the status of these taxonomic groups within
the Lake Victoria Basin in 2009 with that in 2016.

131

The freshwater crabs were assessed by the IUCN Species
Survival Commission (SSC) Freshwater Crustacean
Specialist Group in both 2004 and 2008. A number of species
native to the Lake Victoria Basin were also reassessed
through this project. However, this reassessment was
not comprehensive for all species and as a result, cannot
be included in the RLI. The RLI for freshwater crabs,
therefore, compares the status of these species in 2004
and 2008.

It is possible to back-cast (i.e. retrospectively adjust or
assign) Red List Categories for newly added species,
species that have undergone non-genuine changes in Red
List Category, or species that were previously DD but have
since been assigned a category that allows for their inclusion
in RLI calculations (Butchart et al., 2007). With the exception
of the haplochromine cichlids (see below), we chose not to
back-cast the Red List Categories for any of these species
due to a lack of population information for the time periods
considered.

The formally described species of haplochromine cichlid
native to the Lake Victoria Basin were assessed most
recently by Witte et al. in 2010 (IUCN, 2010) (although a small
number of haplochromine cichlids were reassessed through
this project, see Chapters 2 and 4) but have only been
comprehensively assessed as a group once. This single
assessment did not allow for calculation of a RLI. However,
given the importance of this taxonomic group and the
available knowledge on threats to these species over recent
years, we decided to back-cast their Red List Categories to
an earlier time point, and a preliminary RLI was calculated
based on these data. The decline and likely extinction of
many species of haplochromine cichlid during the last 50
years is well documented in the literature and is discussed in
detail in Chapter 4. Early studies concluded that this decline
was primarily the result of introduction of Nile Perch (Lates
niloticus) into Lake Victoria (e.g. Kaufman, 1992; Witte et al.,
1992). However, recent studies have suggested the situation
is more complex and that the decline was a result of multiple
interacting factors leading to the extensive environmental
changes in the lake (for example increased turbidity and
anoxia as a result of eutrophication), in addition to predation
and competition from the Nile Perch (van Zwieten et al.,
2016). Rapid population growth in the Lake Victoria Basin,
followed by large-scale deforestation and agricultural
expansion, started in the 1930s, and freshwater biodiversity
in the basin has been negatively impacted by humans since
at least this time. However, it was not until the 1950s/early
1960s that Nile Perch were introduced to Lake Victoria
(Pringle, 2005), and the 1960s that eutrophication is reported
to have induced anoxia in the deep waters of the lake
(Verschuren et al., 2002). In order, therefore, to investigate
the effects of these environmental changes on the extinction



risk of haplochromine cichlids in Lake Victoria over time, the
Red List Categories of all species affected were back-cast to
1960. In other words, these species were assigned Red List
Categories considered appropriate to their risk of extinction
in 1960, prior to the realised impact of these major threats.
Given the uncertainty surrounding the past and current
status of these understudied species, this RLI is considered
to be preliminary, serving the purpose to highlight the
catastrophic decline in their status over this time period.
Eight species were excluded from the preliminary RLI as
they are not considered to have been negatively affected by
these particular threats. The remaining 155 haplochromine
cichlids, all native to the lake, had their Red List Categories in
1960 retrospectively assigned as LC because there were no
known major threats to these species at the time that would
have resulted in them being placed in a higher category. The
second most recent time point for the RLI was chosen to be
2010 as this is when all species were assessed by Witte et
al. The preliminary RLI for the haplochromine cichlids,
therefore, compares the status of these species in 1960
with that in 2010 and is described as preliminary due
to uncertainty surrounding the back-casted Red List
Categories.

9.3 Results

The RLlIs for each taxonomic group are displayed in Figure
9.1 for ease of comparison.

The preliminary RLI for those formally described species
of haplochromine cichlids within Lake Victoria (depicted
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Figure 9.1 IUCN Red List Index of species survival for: i) crabs
(purple, N=5); ii) fishes (haplochromine cichlids) (dashed
blue, N=88) — described as preliminary as it uses back-casted
Red List Categories; iii) fishes (non-haplochromine cichlids)
(yellow, N=48); iv) molluscs (red, N=40); and v) odonates
(green, N=206). N refers to the number of non-Data Deficient
and extant species in the taxonomic group in the first year of
assessment. An RLI value of 1.0 equates to all species being
categorised as Least Concern, and hence that none are
expected to go extinct in the near future. An RLI value of zero
indicates that all species have gone Extinct.

by the dashed blue line on Figure 9.1) shows a significant
decline from 1.00 in 1960 to 0.37 in 2010. This indicates
a major increase in the risk of species extinctions over
that time period. Based on expert opinion, none of the
haplochromine cichlid species considered were expected to

Figure 9.2 Haplochromis (Hoplotilapia) retrodens, part of the haplochromine cichlid flock of Lake Victoria, is thought to have
undergone a genuine deterioration in status between 1960 and 2010. This species was common before the mid-1980s but was not
recorded at all between 1991 and 2004. A single fish was recorded at Makobe reef in 2010. It is currently assessed as Vulnerable
(VU) but this assessment requires updating. This is a KBA trigger species for Makobe Island KBA (see Chapter 11). © O. Selz & O.

Seehausen
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go extinct in the near future prior to the combined impacts of
environmental deterioration and invasive species introductions
(e.g. Nile Perch) that emerged in the 1960s. The RLI value
of 0.37 for 2010 suggests that, in response to these threats,
these species have undergone large declines in status over
the past 50 years, and that they are the most threatened
of the taxonomic groups considered here. Based on the
preliminary Red List Categories assigned for 1960 and the
published Red List assessments from 2010, 69 of the 88
species of haplochromine cichlids that were considered for
the RLI (i.e. excluding the 67 DD species) underwent genuine
deteriorations in status over this time period (see Appendix
2). Forty-six of these species are currently assessed as CR
and tagged as Possibly Extinct on the IUCN Red List. The Nile
Perch is listed as a cause of decline for all of these species
(IUCN, 2017), but, as discussed above, it should be noted
that more recent opinion is that the causes for this decline
are multiple and are primarily driven by environmental
degradation within the lake (van Zwieten et al., 2016).

Molluscs are the next most threatened of the taxonomic
groups considered and their expected rate of biodiversity
loss is also the next greatest (RLI values of 0.85 in 2009
and 0.79 in 2016; red line on Figure 9.1). Five species of
mollusc were uplisted (i.e. moved to a category indicating
higher relative extinction risk) between 2009 and 2016 due
to genuine deteriorations in their populations, out of the 40
species considered (excluding three extant and DD species
in 2009). The primary drivers behind these declines were
pollution and eutrophication, resulting from agricultural
expansion (see Chapter 5).

The odonates are the least threatened of the taxonomic
groups considered and their RLI shows a small decline
between 2009 and 2016 (although to two decimal places
this is not obvious with a value of 0.99 in both years; green
line on Figure 9.1). Two hundred and six species (excluding
four extant and DD species in 2009) were considered in this
RLI. Over 95% of these are assessed as LC (see Chapter 6)
resulting in a high RLI value. The small decline in the RLI value
is driven by the genuine deterioration in just two species: the
Papyrus Wisp (Agriocnemis palaeforma) and the Nyungwe
Junglewatcher (Neodythemis nyungwe). The populations of
both of these species are declining due to habitat loss and
degradation, which are recorded as the primary threats to
odonates (see Chapter 6).

The RLI for crabs remained constant (0.88 in both 2004 and
2008; purple line on Figure 9.1) indicating no change in the
expected risk of extinction over this relatively short time
period. This RLI considered five species, none of which
underwent genuine changes in their Red List status.

The non-haplochromine cichlid fishes are the only group for
which the RLI value increased (from 0.88 in 2009 to 0.89 in
2016; yellow line on Figure 9.1) indicating a slight decrease in
the overall risk of species extinctions. This change was based
on genuine improvement in the status of just one species,
the Victoria Stonebasher (Marcusenius victoriae; Figure 9.3).
This species previously underwent population declines as a
result of competition from introduced fish species, such as
Nile Perch (Ogutu-Ohwayo, 1990, 1995). However, intensive
fishing of Nile Perch has meant that the population of the
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Figure 9.3 The Victoria Stonebasher (Marcusenius victoriae), presently assessed as Least Concern (LC) after a genuine
improvement in status from Endangered (EN). © ETI Bioinformatics/ Wilhelm Harder (CC BY-NC-SA 3.0)
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Victoria Stonebasher has now stabilised and even recovered
in some parts of its range (e.g. Lake Nabugabo; Chapman
et al., 2003). As a result, this species was downlisted from
EN to LC (FishBase team RMCA and Geelhand, 2016). This
RLI considered 49 species (excluding three extant and DD
species in 2009).

It is important to note that the RLI for the haplochromine
cichlids relates to a very different time period (in terms of
both start date and duration) than the RLIs of the non-
haplochromine cichlid fishes, crabs, molluscs and
odonates. The RLlIs of the non-haplochromine cichlid fishes,
crabs, molluscs and odonates do not allow us to comment
on patterns of extinction risk in these species prior to the
early 2000s, when the major declines in some groups are
thought to have taken place. However, they do indicate the
current trends in extinction risk for these groups. Similarly,
the preliminary RLI for haplochromine cichlids does not
provide us with sufficient information to comment on the
trend in their status since 2010 and we cannot, therefore,
directly compare this group with the others. Lake-wide fish
surveys have, however, recently been conducted and, once
assembled, these new data will be used to reassess the
status of haplochromine cichlid species and to extend the
RLI beyond 2010.

9.4 Discussion

Overall, the RLIs suggest that freshwater biodiversity in the
Lake Victoria Basin is in decline and that the risk of species
extinctions is increasing, in particular for the haplochromine
cichlids. It is therefore vital that conservation actions are
implemented to stop and reverse these declines where
possible. Relevant conservation actions are detailed in the
chapters for each taxonomic group (see Chapters 3-7).

RLIs and the trends they depict are only as good as their data
inputs. Red List assessments are considered scientifically
robust as they follow a standardised method, are based on
quantitative criteria and use the best scientific data available.
Red List assessments also undergo a thorough review
process before publication. However, Red List assessments
for a point in time may be revised, for example as knowledge
of species and their habitats increases, resulting in changes
to the Red List Categories assigned. Additionally, the Red
List Categories are broad in nature with wide thresholds for
moving between categories and, as a result, RLIs should be
considered only a coarse measure of changes in the status of
biodiversity over time. It should also be recognised that time
lags often occur between changes in the real-life situation of
a species, detection of these change, and incorporation of
these changes into Red List assessments (Bubb et al., 2009).
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There has been much financial investment in Lake Victoria
in recent years yet we still lack essential basic information
on the distribution and population for most of the taxonomic
groups considered. Standardised lake or basin-wide surveys
have not been conducted and there are no significant
long-term programmes for monitoring the state of aquatic
biodiversity throughout the lake and its catchment. There
is much evidence for declines in water quality and loss
of natural habitats through conversion to other land
uses, but there are few data available to determine the
impact of these environmental changes on the freshwater
species themselves. Consequently, many of the Red List
assessments are based on inferred declines in species
populations or distributions, rather than scientific monitoring
data. This lack of monitoring means that real-time changes in
the status of freshwater biodiversity are not being detected.
There is, therefore, an urgent need for standardised surveys
of freshwater biodiversity in the Lake Victoria Basin,
combined with the setup of long-term monitoring stations.
These surveys and monitoring programmes must identify
individuals at the species level if we are to have sufficient
information to manage and conserve the globally unique
diversity of species living in this basin. The results of these
surveys can be used to better inform Red List assessments,
which can in turn be used to help track trends in the status of
freshwater biodiversity in the Lake Victoria Basin through use
of tools such as the RLI.
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