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- Temperature drives size of animals

- Bergmans rule; declining temperature => increasing size?

- Effects of global warming on the size of Arctic organisms

- Declining body size a response to global warming?

- Most notable impact on ecosystems at high latitudes?

- Reduced body size and communities & ecosystem processes?

3 Elevated temperatures => size reductions in
high latitude ectotherms

WP1 — Terrestrial fauna (H-P. Leinaas)

WP2 — Limnetic fauna (M-A. Svenning)

WP3 — Marine pelagic fauna

WP4 — Marine benthic fauna

WP5 — Paleontological rRecord of size distribution in foranminifera

WP6 — Datbase and literature survey on relationships between genome-, cell
and body size and temperature/habitat (Dag Hessen)

WP7 — Synthesis of the results, transfer of knowledge, publich outreach

WP1/WP2: Leinaas/Svenning/Hessen; joint sampling, sites, time etc.

WP2 Limnetic fauna

Four main species to be included

- Arctic charr, Salvelinus alpinus

- Tadpole shrimp, Lepidurus arcticus

- Crustacea, Mysis relicta/segerstralei

- Gammarid, Gammarachanthus lorricatus

Tadpole shrimp

Mysis relicta/segerstralei
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All these species are found from S-Norway to
the northernmost lakes on Svalbard

Gammarachanthus lorricatus|
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WP2 Limnetic fauna =3

Four main species to be included

- Arctic charr, Salvelinus alpinus

- Tadpole shrimp, Lepidurus arcticus

- Crustacea, Mysis relicta/segerstralei

- Gammarid, Gammarachanthus lorricatus

Svalbard lakes

- less than 0.5 % of Svalbard is
covered by lakes

Localities/latitudes;
- Southern Norway ~ 57-58°N
- Northern Norway ~ 68-69°N
- Bear Island? ~74-75°N

- along most of the «western»

coast (glaciers in east)

map is only showing (some
of) lakes with Arctic charr

- Svalbard ~78-81°N oSN .
QO Siorway - mostly small lakes, i.e. < 1 km?
i a8 Lake Femmilsjoen (Svalbard) - Branevatnet (NA), = 9 km?
Maximum water temperatures e —am —mm e !

1

(“typica
- Southern Norway ~ 20-25 °C
- Northern Norway ~ 12-15 °C
- Bear Island? ~ 59°
- Svalbard ~ 2-6°C Horg, ey E =

st Fowss = Huwsy Fnse
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lake system in summer)

- Femmilsjgen (5 English miles~

‘j J—\—\_r/ . Bear Islezd 8 km); 7.7 km?, 80 m deep
A

Temperature

- Lake Linné; 4 km2, 35 m deep

v

Q High Arctic (Svalbard) lake system
4 - late ice-break (July)
. -shortice-free period (< 2 months)

seU/FIOi'd \\\ - acess to SW ca two months/yr
\

August

= «anadromous» charr

\ /
30-50 days . Lake

Resident charr
16yr,15g

Resident fish

h

June/July
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Landlocked populations sampling, late August 2014

("freshwater charr”) (Svalbard)

WP1 - Terrestrial fauna
WP2 - Limnetic faauna
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e Sampling Svalbard 2015
me occasions there'
‘may bé genetic differen- Nordaustlandet

ces between the large
cannibals and the small

Edgeoys

«prey»
T Sampling «Norway» 2014
6 8 101214 16 18 20 22 24 26 28 30| during «summer/autumn»
Age (y)
Study with Arctic charr, E o . - Differences in cell volume related to weeks/ «age»
i ! Karvika aquaCUIture station - but, NOT to temperature and NOT to final body size

trying to assign linkage between: HtHf = High temperature and high food ration

- temperature

LtHf = Low temperature and high food ration Differences in cell volume between wild populations
- food ratio = S e e oy e e - But, NOT associated with body size

- body size
E Five wild populations

- erythrocyte cell volume
- genome zize

Table 2. C-value (in pg cell""), cell volume (FSC) and cellular complexity (SSC) of erythrocytes from the temperature versus food treatments.

FSC and SSC mean values in arbitrary units. Standard deviation in brackets.

Table 1. Overview of localities experimental set-up.

29.11.2011 22.12.2011

Treatment — ey el Weight
fime] Cell complexi ell complesxi
50 22.12.2011

Origin Population/L ake Short name Latitude/altitude Temperature Feeding 838 6.53 i 6.34 290g

Hammerfest G (0.469) Wiy z (0.254)

RART Lkt . na 592 250 sm 103g

(0.205) 4812 (0.464) 0.058) 3.255) 0204)

Ko “\H\H\WW g i i “‘;“MUW“}‘ |

Oksijordvam HtLf 07 84, ﬂ 5475 9251 643 101g

Tromvikvatn 1824E (0.237) (0.618) 0.096)
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-
HtHf = High temperature and high food ration
LtHf = Low temperature and high food ration
HtLf = High temperature and low food ration
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General Effects of Climate Change on Arctic Fishes and Fish Populations
Reist et al. (2006); Ambio vol. 35, No. 7.

Upstream Effects Change in Climate Para
|lr,aﬂspa \_r-ﬂ-‘ ‘temperature, precipitation, mnd,m

f - ¢ Nutrients
Downstream Habitat |8 and Upwelling
(e.g., iming of freeze-up [ A
affects migration timing, 'i-h..
fisheries, and
ovenwinter survival) -
Polar Bears

. e

Reist et al. (2006) conclusions: ”In concert these factors in most
cases presently preclude quantitative estimation of climate
change effects on most northern fish populations”

@ Uncertain Effect Offshore

@ Positive Effect Benthic Fish
© Negative Effoct and Invertebrates
= Indirect Climate Change Effects
=z Direct Climate Change Effects
sz Ecosystem Pathways

Figure 1. A stylized portrayal of some potential direct effects of climate parameters on arctic aquatic environments and some potentiall
indirect effects on aquatic organisms such as anadromous fish. The complexity of interactive effects rases great difficulties in projecting|

climato change affects on these fishes. For wholly reshwater fishes. similar complex patiems are ikely especially f thess Involve use of
many hahitats during lle (e g _both lacusirine and giverine babital

norACIAs climate scenarias for Svalbard
(1961-90 til 2071-2100)

Temperature
- mean annually temperature increases from 3 °C i SW to
8°Cin NE

- highest in autumn/winter (up to 8 °C) and lowest in
summer (2-4 °C)

Precipitation

- mean annually increase with 10-40 %

- less increase in S/SV and largest in N/NE

- "all over” it is suggested high increase in snowfall

(athough the "winter season” is shorter)

From Ferland et al. 2008
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Challenges beeing an anadromous Arctic charr Arctic charr — the most wonderful of all Svalbard creatures

Sea/Fjord

August

30-50 days

June/July




