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Introduction

Fresh waters are predicted to be among the magiherable to climate change
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Introduction

The future of heavily exploitefisherieswill depend on the adaptive capacity
of both thefish speciesand thehuman communitieghat rely onthem.
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Conservation challengenow to assesshe potential risks to
biodiversity posed by climathange

Trait-based vulnerability assessments

- Estimates of relative vulnerabilities of a taxonomic group based o
scores in broad trait categories

- Relatively rapid and straightforward to perform
- Take species traits into account
- Cover large number of species and large geographic ranges
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Spatial visualization to highlight hotspots for conservation focus

e.g., concentrations of highly vulnerable amphibian species

Fodenet al., 2013, PLOS One
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~ 3300 described species in 95 families
15 endemic families in seBaharan Africa; e.@ichlidae

High numbers of basal and archaic families; Bajypterusspecies
Major source of food security and economic stability
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Obijectives

ldentify species and regions likely to be affected by climate change

Determine where areas of climate change vulnerability coincide with
areas of high conservation value
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2 major indices

A. Vulnerabllity to climate change

B. Conservation value
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Scientific or Common name 2GO
RED gn.o.,
LIST fors0 Years

HOME SPECIES RANGE OBSERVATION PROTECTED AREAS

| » CHANGE BASEMAP J
. 4

Actinopterygii > Perciformes > Latidae
Lates niloticus

Nile Perch

Download Spatial data

>Back to Red List Page

I Extant (resident)
Bl Probably Extant (resident)

BROWSE IMAGES
£ ARKive (0 found)

IUCN (International Union for Conservation
of Nature) 2010. Lates niloticus. The IUCN
Red List of Threatened Species. Version
2017-3

Earthstar Geogr@hics r1JEN

Species distributions from lUCBdIlistspatial data download
- > 3000 species ranges
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A. Vulnerability to Climate Change

Assigreachspeciesa vulnerability score based on three contributing
components

() Sensitivity
- lack of potential for species to persistsitu

(i) Low adaptive capacity
- a species inability to avoid negative impacts of climate chang
though dispersal/micreevolutionary change

(i) Exposure
- how much a species physical environment will change
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components
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Hshbase
IUCNredlist
Literature Review
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A. Vulnerability to Climate Change

Assigreachspeciesa vulnerability score based on three contributing
components
() Sensitivityg relying on predictable seasonal cues for life cycle

(i) Low adaptivecapacityc low reproductive rates, small pops

Hshbase
IUCNredlist
Literature Review
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A. Vulnerability to Climate Change

Assigreachspeciesa vulnerability score based on three contributing
components

() Sensitivity

(i) Low adaptive capacity

(i) Exposure } Based orprojectedclimate changes
P across the species range

WorldClimGlobal
Climate Data
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A. Vulnerability to Climate Change

Assigreachspeciesa vulnerability score based on three contributing
components
() Sensitivity

(i) Low adaptive capacity

- ntemperature(average and variability)

() Exposure N precipitation(averageand variability

WorldClimGlobal
Climate Data
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Scores in each category are combined to assign a vulnerability sc

Exposed

Potential adapters
*may be at risk
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B. Conservation value

Assigreachspeciesa conservation valuscore based on three
contributing components

() Importance for human usgishing, aquarium trade, etc.)
(i) Endemism

() Threat statugIUCN Red List)

Hshbase
IUCNredlist
Literature Review
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2794 species (85% of the ~3300 described species)

Exposed

54.1%
(1510 spp.)

Potentialadapters
11.0% (307 spp.)

High conservation value
61%(1714 spp.)

In revision for Biological Conservatior
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Exposed

Cichlids (Genudaplochromiy \

- Mouth brooder, low
fecundity, restricted
dispersal

- Specific habitat
requirements, low
temperature tolerance

Potentialadapters

High conservation value
61%(1714 spp.)

In revision for Biological Conservatior
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Nile River

Niger River N\‘S; /]'\}f /J

/ LD

by /L Lake Victoria
- kﬁ { — Lake Tanganyika

Congo Rive -
— Lake Malawi

Okavango Rive

o~

Zambezi River
Orange Rive

—— Limpopo River

A 0 1000 km
N I
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Species richnes

Richness
1
Bl 10
B 20
BN 30
7 40
B 50
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Climate change
vulnerability

Vulnerability
1
N 5
BN 10
15
BN 20
Bl 25
BN 30
N 35
B 40
Il 45
N 50
Il 60
Il 150

R 0 1000 km

In revision for Biological Conservatior
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Climate change
vulnerability

Vulnerability
I
5
Bl 10
El 15
B 20
Il 25
Bl 30
N 35
Bl 40
Hl 45
Il 50
Hl 60
Il 150

s 1000 km

In revision for Biological Conservatior
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Conservation value
1
Bl 10
120
130
140
Bl 50
B 60
N 70
Bl 380
B 90
N 170
Il 250
Hl 360

In revision for Biological Conservatior
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1000 km
N

In revision for Biological Conservatior
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Conservation value
X
Climate change
vulnerability
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Climate change vulnerability - _ _ _
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Conservation value
X

Climate change

vulnerability

[

Conservation value
J 3

Climate change vulnerability - _ _ _
In revision for Biological Conservatior



Chapter 1

Conclusions

- Highlights regions and species of greatest ovewilcern and where
there areemerging risks due to climat#hange

- Direction for conservation effort

Conservation value

Vulnerability
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Study system Lake Victoria basin (LVB)

BYE

L0\
X ooﬁ
\ ] ) 4! S

- I F NJmaost ifdgortant source of inland fisherigsoduction
- High human population growth rate ( > 50 million by 2050 )

- Predict increases in temp (-8°C ) and changes in seasonal patterns
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-One of the most important economic species
the Lake Victoria fishery x

Study systent, Nile perch Lates niloticu$
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Chapter2 : Short term (3lay / 3week) thermal acclimation

Chapter3 : Long term (3nonth) thermal acclimation
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temperate subtropical tropical

Temperature {C)
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Adaptive background important in determining the thermal window

Performance

Temperature {C)

| |
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Adaptive background important in determining the thermal window
- tropical specieg thermo-stable environment

Performance




Chapter 2 Chapter 3

Adaptive background important in determining the thermal window
- tropical specieg live near upper thermal limit
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Small temperature increases = large negative performance consequence
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Maximum metabolicate (MMR)

AerobicScope

Standardmetabolicrate (SMR)

T aerobic scope 4‘ potential for activity over and above base survival
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Aerobic scope is hypothesized to decrease at the upper and lower thermal limi

Aerobic scope

Temperature {C)

Reduced aerobic performance predicted to negatively affect growth / reproduct
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Thermal acclimatiolg adjust the width or peak of thermal optimum

Aerobic scope

Temperature {C)

E — -



Chapter 2 Chapter 3

Determining acclimation potential can help to predict responses to warm

Aerobic scope

Temperature {C)

E — -
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Obijective

To understandhow predicted warming wikffect aerobic metabolic
performancen Nileperch and to compare responses across acclimatior

times.
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Nile perch captured from Lake Victoria

27°C 29°C 31°C 33°C 35°C
3-dayacclimation

SMR, | | SMR, | | SMR, SMR, || SMR,

MMR,| | MMR, | | MMR, || MMR, || MMR,

AS AS AS AS AS

Respirometry




3-day ¢ Aerobic scope =g

0.24 - b
b

0.22 - + b
b 0.2 - + +
o
@
7
P 0.18 - a
Ie) a
o
5 0.16 - +
<

0.14 -

0.12 . . . .

27 29 31 33 35

Temperature {C)

Nyboer& Chapman, 201 JExpBiol
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3-day ¢ Aerobic scope

0.24 - b
0.22 - + b b

0.2 - + +
0.18 - a

vl

0.14 -

0.12 . . : : I

27 29 31 33 35
Temperature {C)

Aerobic scope

Maintenance of high aerobic scope at extreme high temperatures
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Nile perch captured from Lake Victoria

g I

27°C 29°C 31°C

3-week acclimation

l l l

SMR, | | SMR, | | SMR,
MMR,| | MMR, | | MMR,
AS AS AS

Respirometry
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3-day vs. 3week ¢ Aerobic scope Amg
@ 3day =
A 3-week
0.3 -
0.28 -
)
S 026 +
O
o 024
Q *
= 0.22 -
<
0.2 - +
0.18 - i
0.16 -
0.14 -
0.12 . . ; ; .
27 29 31

Temperature {C)

Nyboer & Chapman, 2017, J. Exp. Biol.
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3-day vs. 3week ¢ Aerobic scope

0.3 -
0.28 -
0.26 -
0.24 -
0.22 -

0.2 -

0.18 -

0.16 -

Aerobic scope

0.14 -

0.12

@ 3day &t

A 3-week

—»—
Aerobicscope

Temperature {C)

27 29
Temperature {C)

Nyboer & Chapman, 2017, J. Exp. Biol.

31
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3-day vs. 3week ¢ Aerobic scope M
@ 3day = -
A 3-week
0.3 -
0.28 -
)
S 026 +
O
o 024
0 *
= 0.22 -
<
0.2 - +
0.18 - i i
0.16 -
0.14 -
0.12 . . ; ; .
27 29 31

Temperature {C)
Lack of aerobic compensation?
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3-day vs. 3week ¢ Aerobic scope

@ 3day
A 3-week
0.3 -
0.28 -
S
9 0.26 -
@
O 0.24 -
5 «
5 0.22 -
<

0.2 - *
0.18 -
0.16 - .
No reductions
0.14 - in growth or

0.12 : . . . . . condition
27 29 31

Temperature {C)

Reduced costs of metabolism after acclimation
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Nile perch have demonstrated thermal flexibility greater than what has
been predicted for tropical species

Performance

Temperature {C)
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Obijective
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determine whether there are fitneselated tradeoffs
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~29°C

Warm

~25°C

Average

5
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Lab acclimation

Chapter 3

AVG WARM
~25C ~29C

25°C

29°C

33°C

72-h lab acclimation

y \ y
SMR, SMR, SMR,
MMR, MMR, MMR,
AS AS AS

Respirometry




Physical trait measurements

Size and condition
Body mass
Body length
Condition(K)




3-months ¢ Aerobic scope @ Average rearing temp. (~28) A&m‘
@® Warm rearing temp. (~2€)

) i

g 8

@]

(@]

o 77 2 +
Q a

(@]

o

2 -
2

25 29 33
Experimental temperature’C)

Nyboer & Chapman, 2018, J. Exp. E



3-months ¢ Aerobic scope @ Average rearing temp. (~25)

@® Warm rearing temp. (~2€)

b
- '
2 8- No difference in
5 7 4 + Body masg 0
2 q Body length; 0
S 6 - + Condition(K ¢
= -
s g
4 . |
25 29 33

Experimental temperature’C)

Nyboer & Chapman, 2018, J. Exp. E



3-months ¢ Aerobic scope @ Average rearing temp. (~28) A&m‘
@® Warm rearing temp. (~2€)

b
N +
2 8 - No difference in
5 7. g + Body masg 0 ,
2 g Body lengthg 0
S 6 - + Condition(K ¢
< .
s g
4 . .
25 29 33

Experimental temperature’C)

- Lower aerobic scope in warnearedfish not reflected in fithesselated traits



Conclusion
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Plastic changes in aerobic function follow the same pattern as in
shorter acclimations.
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Vulnerability of fisherybased sociakcological systems

Eoary B T T AR T et
| y D

Lake Victoria basin:

> 3 million people with Asource |
of income and food security PR .

> 30 million with essential source
of protein

Emerging stressors due to climate
change will require adaptive
strategies
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Adaptive capacity

\

capital assets human, social, financial, physical, natural
livelihood diversification options

7\

SOCIAL ECOLOGICAL
Population growth Climatic shifts
Governance structures Environmental degradation

"



Chapter 4

Obijectives

Toexamineperceptionsof how climate change affects fishery livelihoods

To assesadaptive capacity of fishing communities to environmental chan



