Tropical lakes and rivers




Large river phenomenon: extinct and forgotten in Europe
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TR MLY  Relationship of the

thermal regime of deep lakes to
latitude and altitude. Transitional
regions between warm and cold
manamictic types and dimictic lakes
are shown. Note the significant
variation in the thermal regime of
tropical lakes with mainly variants of
warm monomixis at mid-altitudes.
Geographical position of lakes men-
tioned in the text are indicated:

(1) Lake Kutubu, Papua New Guinea;
(2) Lake Lanao; Philippines: (3) Lakes
on Mount Wilhelm, Papua New
Guinea; (4) Lake Kariba, Zimbabwe
and Zambia; (5) Lake Malawi, Malawi
(adapted from Hutchinson and
Loffler 1956).
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Stratification in oligothropic and eutrophic lakes
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| (nutrient-poor: (b) eutrophic (nutrient-rich, see sect
5.15). In the eutrophic ke, CO, i remcved from the
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developed in response to the nutrient-rich conditons
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l temperature of this lyer increasat, tince the solubility of
gases is inversely related to temperature. Oxygen product
| by phytcplankton is inadequace in the nutrient-poor waters
| to compaensate for this loss. Approximate positions of the
-pdlmnlon. menlimnion and hypalimnion are indicated
' (Fgure from Limnclogy by .G Wetzel © 197% by Saunders




Lake Tanganyika: depletion of nutrients in the euphotic zone
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Seasonal succession of phytoplankton with decreasing nitrate levels
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Lake Chad: an example of ‘inverted’ biomass pyramid a

A R ?7
’/, \\ ?
-~ p- 12
Incident ! 189 x 102 | |
light : | |
4.2 ~2270 16 | 1110 i
EEy 158 2
¥ ; | Fi ——y
Phytoplankton coopankton /., "
Emergent 46 200
macrophytes 19 866 64.3 378
? i
! Benthos
B e ot i ‘j :L:J =
‘!mmwmmwn:‘mm -
| Increases: the blomass pyramid is inverted. The energy flow R

| berwesn thesa trophic levels shows a progressive deciine,

| with enargy loet ac each transfer and tharefore the anergy
Pyramid is 0ot inverted, Biomaas is in k) m "3, rates of produc-
| Hen wd respiranon (R) are in &) m~? year ' (adapeed from
memud,lﬂlmlemm




Number of freshwater fish species per ecoregion

Number of freshwater fish species
1 1-a9 3 67-100 W 214-322
EE 20-41 [ 102-151 [ 323-490
42-66 [ 152-213 N 491-880 @8 esumate

Abell et al., 2008, BioScience 58:403
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Fish species richness in rivers: no clear temperate-tropical gradient
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Lake fishes: species richness and endemism

Freshwater lake fishes: species richness and endemism
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Species richness of plankton in temperate and tropical lakes:

no big difference
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Species richness of benthos in temperate and tropical lakes:
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Biodiversity in African rift lakes

Species diversity Genus-level diversity
(number of genera)
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Freshwater fishes in rivers and lakes of Africa: cichlids

ﬂ Lake Victoria (~500 species)
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a, pelagic zooplanktivore;

b, rock-dwelling algae scraper;
c, paedophage (eats young of
other spp.; not in Tanganyika);’
d, scale eater;

e, snail crusher;

f, reef-dwelling planktivore;

g, lobe-lipped insect eater;

h, pelagic piscivore;

I, ancestral river-dweller also in
lakes

Astatotilapia burtoni Oreochromis niloticus

Brawand et al. 2014. Nature 375: 325
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Cichlid evolution in Africa

| o )
Haplochromini
Lake Tanganyika = Lake Malawi = Lake Victoria region superflock

Ml A A

River and lake dwelling lineages shown in proportion to their species
richness, arrows point to convergent evolution

Cichlids 1n three African rift lakes represent ~10% of the world’s
freshwater fish diversity (14,000 species)

Salzburager et al. Annu. Rev. Ecol. Evol. Syst. 2014. 45:519-45



Cichlids of the Lake Tanganyika

Tanganyikan cichlid tribes: ¥ Tylochromini M Eretmodini W Ectodini " Perissodini
W Bathybatini W Tilapiini W Lamprologini ¥ Tropheini (Haplochromini) ® Cyprichromini
W Boulengerochromini B Trematocarini M Limnochromini Cyphotilapiini W Benthochromini

Muschick et al. 2012, Current Biology 22, 2362—2368



Why the Tanganyika, Malawi and Victoria lakes, and why the cichlids?

Most recent
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African rift lakes during the past 4 million years
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Cichlid radiation:

a combination of habitat and trophic niche differentiation with sexual selection

TABLE |

Models of cichlid speciation

Dominant
geographical model

Mechanisms driving
speciation

Model system

Testable assumptions

Author (citations)

Allopatry None specified® Malawi mbuna Limited gene flow Fryer (32)
between populations
Allopatry None specified® Victorian Biogeography and Greenwood (46)
haplochromines phylogenetic relationships
of extant taxa
Allopatry Sexual selection Malawi mbuna Bottlencecks Dominey (22)
Founder events Mate choice on male
coloration®
Allopatry None specified® [anganyikan Limited gene flow Rossiter (148)
haplochromines between populations
Allopatry Runaway sexual Malawi sand Mate choice on bower McKaye (113)
selection on bower size dwellers size/shape®
Sympatry Runaway sexual Victorian Mate choice on male Sechausen &

selection on male
coloration

haplochromines

coloration®

van Alphen (162, 164)

Genetics of color/preference

Mate choice on male Turner & Borrows (186)
coloration

Genetics of color/preference

Runaway sexual Malawi mbuna

selection

Sympatry

"None specified, Mechanisms driving speciation are not emphasized. Classical allopatnic divergence sensu Mayr (105) is implied
"Proving mate choice is the mmimal first step to infernng speciation by sexual selection. See text for additional consideration

Kornfield & Smith 2000



Malawi speciation: three stages
combining different mechanisms

Macrohabitat

Trophic
competition

Sexual selection

1° 2° 3°

¥
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Danley & Kocher 2001 Mol. Ecol. 10, 1075
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Lake Victoria: environmental problems
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Lake Victoria: growing human population and eutrophication
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Lake Victoria: dissolved oxygen and chlorophyll in 1961 and 1990
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Lake Victoria: change in N, P and diatoms in 1960s
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Annual catch in 100,000tons

Fishery in Lake Victoria: raise of perch, recently some recovery of Haplochromines

Fish catch from Lake Victoria Rastrineobola argentea, dagaa, native
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Data: Lake Victoria Fisheries Org., 2011



Abundance (kg/hour) of the major demersal stocks in experimental trawl surveys in

Lake Victoria (Ugandan and Tanzanian waters) in 1969-2008.
Years with no information are interpolated (light colors).

G Haplochromine
1000 . . o . . E
- Lates nicbeus - L0 wlotews CyCh I IdS
900 = o 'hp octiomines =008
L « Iapaop =059
] Ehiee ..
g cul T =mean : 435%) SE, namber » sarple sge
0 . U d .
8500 gan a
400
3
200
mw
] | T P O [ R |
9 3% 130
Ka'hour
2000 =
B = Latss niloticus - Lotes ndaticus
[ = Haplochromines =017
D = Tilapia =g p=0.12
$x) B = Protoptarus N« 12
L) 4 [1= Onher
I e =Total, | =mean +(55%) SE. number = sample size
12
Y -
1200 -
800
&0 -
‘J ] J . v ¥ - - 1 =
1968 a7y 1070 1'381 {083 1 891 1903 1995 1097 1000 2001 2003 2005 2007

Kolding, et aI 2014. In Welcomme et al. FAO Fisheries and Aquaculture Technical Paper 579



Number of fishers or boats (x 1000)

Lake Victoria fishery: the usual story of increasing effort, with the
relative yield first increasing, then collapsing

Effort Catch rate

200 % 20 40
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120
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® Fishers I cacn per fisher
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Catch per boat

Nile perch fillet imports to the EU

January- December January-March

2005 2006 2007 2008 2009

Kenya 5.2 4.2 5.1 4 0.8
Tanzania 24 23.6 21.5 23.3 5
Uganda 23.8 21.2 20.2 15 3
Total 53 48.9 52.8 423 88

SOURCE FAQ, AUGUST 2009 (1000 TONNES)

Attempts to regulate the fishery

Nile perch is also exported:
Brings financial benefits, but
endangers endemic cichlid species



Freshwater plant species — some of the most serious aliens

Mm‘.--.f- - wlabibnveslan

Neocherla elchhornlae weevil as a biological control agent
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panama following
Introduction of top

g %30 predator, Cichla

Simplification of trophic
s S M @ web in Gatun lake,

ocellaris, from Amazon

H

I
WOLLA WY Generalised food
" web of common Gatun Lake popula-

Uons, contrasting structure before
(top) and after (bottom) the intro-
duction of the top predator Cichlo
ocellaris, Thick arrows indicate that
the food item is of major
importance to the consumer, and
thin arrows indicate a minor
Importance. Key to species: (A)
Tarpon atlenticus; (B) Chiidonias niger:
B (C) several species of herons and

haracinidae, including four
ommon species; (G) Poeciliidae,

xicana and one exclusively
nsectivorous, Gombusia
aroguagensis, (M) Cichlosoma
aculicauda; (1) zooplankton;

) terrestrial insects: (K)
nnophytoplankton: (L) filamentous
reen algae; (M) adult Gichlo ocelfaris;
) young Cichlo (after Zaret and
aine 1973. Reprinted with permis-



