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Recent reviews of the adaptive hypotheses for animal responses
to acclimation have highlighted the importance of distinguish-
ing between developmental and adult (non-developmental)
phenotypic plasticity. There has been little work, however, on
separating the effects of developmental plasticity from adult
acclimation on physiological traits. Therefore, we investigated
the relative contributions of these two distinct forms of
plasticity to the environmental physiology of adult tsetse flies
by exposing developing pupae or adult flies to different
temperatures and comparing their responses. We also exposed
flies to different temperatures during development and re-
exposed them as adults to the same temperatures, to investigate
possible cumulative effects. Critical thermal maxima were
relatively inflexible in response to acclimation temperatures
(21, 25, 29 °C) with plasticity type accounting for the majority
of the variation (49-67%, nested ANOVA). By contrast,
acclimation had a larger effect on critical thermal minima
with treatment temperature accounting for most of the variance
(84—92%). Surprisingly little of the variance in desiccation rate
could be explained by plasticity type (30—47%). The only
significant effect of acclimation temperature on standard
(resting) metabolic rate of adult flies was at 21 °C, resulting
in treatment temperature, rather than plasticity type, accounting
for the majority of the variance (30—76%). This study
demonstrates that the stage at which acclimation takes place
has significant, though often different, effects on several adult
physiological traits in G. pallidipes, and therefore that it is not
only important to consider the form of plasticity but also the
direction of the response and its significance from a life-history
perspective.
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C3.6
Oxygen limited thermal tolerance: The scale of individual
variation, and the effects of size

L. Peck, (British Antarctic Survey, United Kingdom)

Sterechinus neumayeri first mortality occurred at 7.7 °C whereas
last mortality was at 13.7 °C. In the brachiopod Liothyrella uva
these values were 4.0 °C and 16.1 °C, and infaunal bivalve
mollusc they were 4.0 °C and 22.1 °C. There was also a
significant trend of decreasing size with maximum temperature
survived. Thus, smaller individuals survived to higher tempera-
tures than large individuals. Clearly short-term acute experi-
ments tell us little about the likely survival of individuals or
populations in changing environments, because the timescale of
the change is unreasonable, and pure survival is not a good
measure of the ecological characters that will dictate survival in
the wild. However, they do give information on the strong
individual variation in ability to survive environmental insult. A
better measure of ecological capacity to cope with change is to
assess ability to perform ecologically important work. In this
respect Antarctic clams (Laternula elliptica) show the same size
effect in their ability to bury back into sediment when removed
from it. The largest individuals fail to rebury when temperatures
are raised to only +1 °C or +2 °C. The smallest, however, can
perform this activity at temperatures up to 6 °C.
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C3.7
The heat shock response in Antarctic marine organisms

M. Clark, K. Fraser, L. Peck, (British Antarctic Survey, United
Kingdom)

The survival success of any organism depends not only on niche
adaptation, but also the ability to survive environmental
perturbation from homeostasis, a situation generically described
as stress. Although species-specific mechanisms to combat
“stress” have been described, there is one universally described
stress response; the production of Heat Shock Proteins (HSPS),
such as HSP70. This classic heat shock response involves a
strong up-regulation of HSP70 production and has been
demonstrated in all organisms examined to date with the
exception of Hydra oligactis, an Antarctic ciliate Fuplotes
focardii and several species of Antarctic notothenioid fish. The
latter case is complex: three distantly related species of
Antarctic fish, Trematomus bernacchii, Pagothenia borchgre-
vinki and Lycodichthys dearborni permanently express the
inducible form of HSP70 but the Nototheniidae lack the ability
to further up-regulate this gene in response to elevated
environmental temperatures. Given these data, the question
arises as to whether the permanent expression of HSP70 and
lack of a heat shock response in Antarctic Notothenioids is
species-specific, or a consequence of adaptation to highly

stable, cold Antarctic seawater temperatures and therefore a
general phenomenon extending to other non-piscine Antarctic
marine organisms. We present the results of an investigation
into the expression of HSP70 gene family members in a range of
Antarctic marine organisms and discuss the implications with
reference to species ability to cope and survive during observed
ocean warming and also the reorganisation of the cellular
protein machinery of species living in extreme environments.
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C3.8
Developmental and sex-specific plasticity of metabolic
function

F. Seebacher, K. Rogers, (University of Sydney, Australia)

Plastic responses to the environment may be initiated at
different ontogenetic stages. Imprinting during embryonic
development may maximise fitness of phenotypes in their
developmental environment. Reversible plasticity (acclimation,
phenotypic flexibility) in response to environmental change at
later life stages will be beneficial if negative environmental
effects on fitness related traits are alleviated. Here we test the
hypothesis that, in a frog (Limnodynastes peronii), the thermal
environment during egg development will influence the
capacity for acclimation as a tadpole. Additionally, anurans
engage in energetically demanding, sex-specific reproductive
behaviour, such as calling and amplexus. Hence, acclimation
will be beneficial if physiological functions that influence
reproductive success are maximised. We tested the hypothesis
that there is sex-specific acclimation in tissues important for
reproduction. We used metabolic parameters (mitochondrial
respiration, activity of metabolic enzymes, oxygen consump-
tion) as fitness related measures of acclimation. We show that
the temperature experienced as eggs modulates the capacity for
metabolic acclimation in tadpoles, and that this effect varies in
different metabolic systems. In adults, there was no effect of
acclimation on whole animal resting oxygen consumption.
However, the respiratory control ratio (RCR) of mitochondria
from the liver and outer oblique calling muscle increased with
cold acclimation. Similarly, the activities of oxidative and
glycolytic enzymes increased with cold acclimation. Males had
higher enzyme activities in muscles associated with male
specific reproductive behaviour than females, and males
showed acclimation in these tissues but females did not.
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Thermal acclimation of aerobic scope in a southern North
Sea cod population
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Atlantic cod (Gadus morhua), an important fisheries resource,
finds its southern distribution border in the North Sea. Recent
studies (Sartoris et al 2003, Lannig et al. 2004) have postulated
an upper critical temperature of 16 °C for 10 °C acclimated cod
from this area. According to Portner (2002), critical tempera-
tures go along with a loss of aerobic scope. However, summer
water temperatures of between 15 and 20 °C are a characteristic
of the southern North Sea (Helgoland Roads time series,
Wiltshire et al., 2004). Consequently, the present study was
designed to investigate how thermal acclimation to typical
seasonal extreme temperatures influences aerobic scope and
metabolic machinery. Cod from around Helgoland, caught at

about 18 °C in summer, were acclimated to 16 and 5 °C. Active
metabolism was studied using a swim tunnel respirometer, to
determine standard metabolic rates (SMR), aerobic scope (AS)
and the critical swimming speeds (U.i). Capacities of key
metabolic enzymes (CS, LDH and HOAD) were determined in
white and in heart muscle at 5 °C and 16 °C to be correlated with
swimming performance. The present data support an under-
standing of how thermal acclimation enables this cod popula-
tion to thrive at relatively high summer temperatures.
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