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Abstract

Temperature rise is one of the most pronounced abiotic changes currently affecting Arctic
ecosystems. Knowledge about the adaptation capacity of their key species is urgently needed to
better understand the ecological consequences for these sentinel ecosystems. Previous work on a
keystone zooplankton grazer, the obligatory parthenogenetic Daphnia pulicaria, from a lake in
South-West Greenland revealed a decreased thermal tolerance over the course of a decade. To
assess its thermal responses in more detail, we compared physiological and life history traits of four
clones from the same population that originate from two time periods a decade apart. The tested
clones represent two closely related genetic clusters. Both were present in the 2022 population, but
only one was present also in 2011. Two of the clones were previously resurrected from the sediment
dating to ca. 2011. We tested three temperatures to reflect future climate warming scenarios: 14°C,
16°C, and 18°C. The tested temperature range did not alter most of the measured traits, but there
were pronounced differences between clones at all temperatures. Results indicated that genetic
cluster membership, rather than time period of origin, determined the clones’ responses. The clone
representing the genetic cluster detected only in 2022 had consistently higher stress and lower
fitness across all tested temperatures. To better understand the implications for the lake ecosystem,
a more comprehensive survey of clonal diversity and the survival capacity of additional clones

present in the population under projected warming scenarios is needed.
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Introduction

Arctic freshwater ecosystems are experiencing some of the fastest environmental alterations driven
by a complex interplay of multiple factors (Prowse et al. 2006; Anderson et al. 2017; Saros et al.
2025). A key member of those ecosystems is the keystone grazer Daphnia, a microcrustacean that
due to its multiple ecological interactions can serve as a sentinel for ecosystem impacts (Altshuler et
al. 2011; Miner et al. 2012). Daphnia is an excellent eco-evolutionary model, exemplified by its eco-
responsiveness and potential for rapid adaptation. A multitude of studies have tested aspects
regarding its physiology, genome, transcriptome and ecology (Lampert 2011; Ebert 2022). Arctic
Daphnia are often polyploid and obligately parthenogenetic (Innes and Dufresne 2020) and are
poorly studied compared with their temperate con-specifics (but see Weider and Hebert 1987;
Dufresne and Hebert 1997; Colbourne et al. 1998; Weider et al. 1999; Przytulska et al. 2015; Pecl et
al. 2025). Studying physiological traits of Arctic Daphnia populations in response to relevant
environmental factors such as temperature can serve as a starting point both for monitoring the
impacts of rapid environmental change on their respective lake systems and for answering questions

related to the rapid adaptation capacity of parthenogens.

The effects of thermal stress and linked rapid adaptation capacity have been the focus of recent
research in light of anthropogenic climate change and global warming (Catullo et al. 2019). Thermal
sensitivity is often assessed at the species level in an effort to predict vulnerability to warming and,
by extension, to climate change (Bennett et al. 2019). However, phenotypic plasticity, variation
between and within populations, local adaptation, and multifactorial environmental pressures need
to be considered as all these aspects shape each population’s physiological profile (Chown et al.
2010; Bennett et al. 2019). Assessing upper thermal limits is useful for a first assessment of an
organism’s thermal tolerance (Geerts et al. 2015; Burton et al. 2018). As a next step, biomarkers
related to oxidative stress, antioxidant defence, oxygen transfer and capacity, and life history traits

are important for a deeper understanding of the physiological effects of thermal stress.
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One of the primary limiting factors for thermal tolerance is its link to oxygen transfer and capacity
(Portner 2001, 2002, 2010). Especially for water-breathers, warmer temperatures result in lower
oxygen solubility, and hence lower oxygen supply. As metabolic rates are higher at elevated
temperatures, oxygen demand also increases (Khan and Khan 2008; Kielland et al. 2019). Higher
metabolic rates can also lead to a higher production of radical oxygen species (ROS), breaking the
balance between ROS production and elimination, thus causing oxidative stress (Lushchak 2011;
Pamplona and Costantini 2011). The elimination of ROS is performed by antioxidant mechanisms
involving enzymes like glutathione-S-transferases, glutathione peroxidase, catalase or superoxide
dismutase (Barata et al. 2005b; Bae et al. 2016). If the antioxidant systems can be efficiently
upregulated in response to oxidative stress, they will restore the balance and return the organism to
its normal physiological state (Lushchak 2011). However, if the antioxidant mechanisms are
inefficient, the levels of oxidative damage caused by ROS will increase, resulting in tissue and
biomolecule damage including higher levels of lipid peroxidation (the oxidation of membrane fatty

acids; Barata et al. 2005a; Pamplona and Costantini 2011).

Thermal stress physiology in Daphnia has been extensively studied (e.g., Lamkemeyer et al. 2003;
Paul et al. 2004; Schwerin et al. 2009; Becker et al. 2011, 2018; Yampolsky et al. 2014; Coggins et al.
2017; Im et al. 2020; Samanta et al. 2020; Zeis et al. 2023). Responses after exposure to warmer
temperatures include increased oxygen consumption, combined with higher limb movement and
heart rate (Paul et al. 1997; Lamkemeyer et al. 2003). When the thermal stress persists or the
animals are acclimated to a higher temperature, haemoglobin (Hb) concentration increases
(Lamkemeyer et al. 2003; Zeis et al. 2013; Cuenca Cambronero et al. 2018) and the antioxidant
defence systems are activated (Becker et al. 2011; Bae et al. 2016; Coggins et al. 2017). Elevated lipid
peroxidation, indicative of oxidative damage, has been reported as a consequence of thermal stress
(Zeis et al. 2019; Samanta et al. 2020). Naturally, temperature changes do not only affect

biochemical processes, but are also reflected at the life history level: Daphnia reared at higher
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temperatures mature earlier and achieve smaller body sizes, as well as faster growth rate to

maturity (Bae et al. 2016; Hoefnagel et al. 2018; Im et al. 2020a).

A powerful tool to assess populations’ responses across time related to environmental change is the
method of resurrection ecology, where resting stages can be hatched from dated sediment and be
tested for the traits of interest (Weider et al. 2018). Previous studies using resurrection ecology on
Daphnia have demonstrated various rapid responses, for example related to rising temperatures
(Geerts et al. 2015; Cuenca Cambronero et al. 2018; Yousey et al. 2018), eutrophication (Hairston et
al. 1999; Frisch et al. 2014), ultraviolet radiation (Oexle et al. 2016) and salinisation (Wersebe and

Weider 2023). However, none of these studies have involved polyploid, obligate parthenogens.

Here, we aim to assess the stress that temperature increase would impose on current and past
genotypes representing the Arctic Daphnia pulicaria Braya Sg lake population in South-West
Greenland. These Daphnia are triploid obligate parthenogens (OP) (Karapli-Petritsopoulou et al.
2025a). Previous work found a higher thermal and hypoxia tolerance in historical clones hatched
from the sediment, dated to ca. 2011 in comparison to modern clones, sampled from the water
column in 2022 (for details see Karapli-Petritsopoulou et al. 2025b). In this study, we tested the
physiological and life history responses of four clones originating from the two time points (i.e.
temporal subpopulations) in response to temperatures reflecting future climate scenarios. For this
we quantified three biomarkers: haemoglobin (Hb), lipid peroxidation, and glutathione-S-transferase
(GST) activity, known to play a pivotal role in temperature responses of Daphnia as detailed above.
We also measured the life history traits of growth rate to maturity (GRmat), time to maturity

(Timemat), and size at maturity (Sizemat).

We expected that elevated temperatures would cause thermal stress in all clones, but especially in
the modern clones which have lower thermal and hypoxia tolerance than the historical ones
(Karapli-Petritsopoulou et al. 2025b). We therefore hypothesised that all three biomarkers would

increase with temperature and that this increase would be higher in the modern, more stressed
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Daphnia clones. Similarly, growth rate would increase with temperature in all clones, but the more
stressed modern ones would have a slower growth rate and mature later compared with the
historical clones, as a consequence of a possible trade-off between oxidative stress and growth or

reproduction (Smith et al. 2016; Im et al. 2020b).

Methods

Clonal cultures

This study used Arctic Daphnia pulicaria from the oligotrophic, meromictic lake Braya S@
(N66.98785° W051.04123°) near Kangerlussuaq in South-West Greenland (Dane et al. 2020; Karapli-
Petritsopoulou et al. 2025a). Laboratory cultures of isofemale lineages (in this work termed "clones")
were established either from resurrected individuals or from active single females (Karapli-
Petritsopoulou et al. 2025b). In brief, clonal cultures were established from individual adults
sampled in the water column of Braya Sg in August 2022. These clones represent the 2022 temporal
subpopulation of the lake, termed “modern subpopulation”. The earlier temporal subpopulation,
termed “historical subpopulation”, included individuals hatched from single ephippia extracted from
sediment dated to ca. 2011, using only one egg per ephippium (for details on dating see Karapli-
Petritsopoulou et al. 2025b). Here we used four clones of which two (clones 32 and 5) were
resurrected from the sediment (historical subpopulation) and two (clones L9 and L11) originated
from the water column (modern subpopulation). Whole genome sequencing revealed that
resurrected clones 32 and 5, as well as modern clone L9 belonged to a single genetic cluster
(“mixed”) detected in both time periods, while L11 belonged to a genetic cluster (“modern”) specific

to the modern population (Fig. 1a; Karapli-Petritsopoulou et al. 2025b).

Synchronisation
All clones had been cultured in common garden conditions at 14°C under 24 hours dimmed light for
at least one year (at least 12 asexual generations) prior to this experiment. Cultures were fed with 1

mg C L™! of Tetradesmus obliquus (Turpin) M.J. Wynne, 2016 three times a week both before and
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during the experiment. The experimental animals were third generation juveniles of clutches 2-6.
They originated from juveniles picked from upscaled lab cultures which constituted the
grandmaternal generation. Because the Arctic Daphnia pulicaria used in this study grow very slowly
and produce small clutches with one to five subitaneous eggs, full synchronisation of clutch release
of mothers was impossible. Because of this low fecundity, the experiment was performed in
overlapping blocks with each experimental unit entering the experiment when there were enough

juveniles for at least one replicate.

Experimental design

To quantify the response of each clone to a range of temperatures that reflect future climate
warming scenarios, we ran experiments at 14°C, 16°C and 18°C (see Fig. 1 for experimental design
schematic). We used physiological assays to measure biomarkers indicative of thermal stress:
haemoglobin (Hb) level, thiobarbituric acid-reactive substances (TBARS) as a proxy for lipid
peroxidation and Glutathione-S-Transferase (GST) activity as a marker for antioxidant defence
(Becker et al. 2011; Cuenca Cambronero et al. 2018; Zeis et al. 2019). Fitness traits that were
recorded in response to temperature increase were juvenile mortality, growth rate to maturity

(GRmat), time to maturity (Timemat), and size at maturity (Sizemat).

For each clone, juveniles released within 48 hours per clone were pooled before assigning them to
replicates, to achieve a random mixture of clutch number and mother origin. Experimental jars were
inserted into transparent boxes within one of three incubators (Pol-Eko-Aparatura ST Smart, 430 x
300 x 360 mm, Poland) set to the respective temperature. Incubators were equipped with a dimmed
light at the top of the chamber, achieving a light intensity between 20-43 Lux depending on position.
For this reason, the position of the boxes within each incubator was randomly changed daily. The
experiment was completed within 2.5 months and comprised of 30 overlapping blocks with
unbalanced numbers of replicates. Experimental block effects were accounted for in the statistical

analysis.
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Figure 1. Experimental design schematic representation. Experiment overview (a.) and physiological assay
measurement scheme including random merging into four pooled replicates per temperature and clone,

aliquoting for each assay and measurement in 4 Batches (b).

Experimental design for physiological assays

Per clone, four replicates containing 10 animals each were exposed to 14°C, 16°C and 18°C,
separately for each of the three biomarkers (12 replicates per clone and temperature). For easier
monitoring, each replicate of 10 animals was split into two 80 ml jars of five animals in the same box
but pooled later again before analysis. Juveniles were grown for 20 days in their respective
treatment. On the 10™ day of the incubation, juveniles were quickly checked under the stereoscope
for the presence of males and were then transferred to fresh medium, removing any males present.
On the 20 day, the two jars of five animals were merged again into a single sample, flash-frozen in
liquid nitrogen and stored at -80°C until further processing. Jars with lower animal numbers due to
mortality or the removal of males were still merged and flash-frozen as long as the final merged

sample contained at least five animals. During the 20 days, mortality and maturity (defined here as
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the appearance of eggs in the brood chamber) were recorded daily, and any released juveniles were

removed.

Experimental design for fitness

To estimate fitness, 25 juveniles per combination of clone and temperature were split randomly into
five 80 ml jars containing five individuals each. The jars were monitored daily for mortality and
maturity (defined as above). Timemat was recorded, mature animals removed from the jar, and
photographed using a dissecting scope (STEMI 508, ZEISS, Germany) at a magnification of 25x. Body
length of mature females (Sizemat) was measured with the image analysis software MikroLive v.5
(https://www.mikroskopie.de/) from the top of the head above the eye to the ventral base of the
apical spine in um. Mature animals were no longer monitored. Jars were checked for male presence
on the 10*" day of the experiment and any males were removed. The medium was changed on the

same day and every 10 days thereafter until all individuals of a jar had matured.

An average 0-day body length baseline of juveniles released within 48 hours was estimated by
measuring 20 juveniles per clone. These juveniles did not participate in the experiment. These per-

clone baseline averages were used to calculate GRmat as (Sizemat — clone baseline)/ Timemat.

Physiological assays

To allow measuring of all three biomarkers on the same pools of animals, we randomly merged
three replicates per clone and temperature (after tissue homogenisation, see below), yielding four
final replicates pooled from the available 12 replicates per clone and temperature with a total
number of 30 animals per pooled replicate and then aliquoted for each of the three assays (Fig. 1b).
In addition to the assays of Hb, TBARS and GST, we measured total protein content using the
Bradford method (Bradford, 1976) for standardisation of each sample. Measurements for each assay
were performed in four batches with 12 samples each, comprising of one replicate per clone and

temperature.
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Aliquoting for three biomarkers

Before pooling, four mini cOmplete™ EDTA-free protease inhibitor cocktail (Roche, Germany) pellets
were diluted in 6 ml Phosphate-buffered saline pH 7.4 (PBS; Cold Spring Harbor, 2006) and 100 pl
were added to each of the frozen tubes. The tissue was homogenised using Bel-Art® polypropylene
pestles. After merging, each pooled replicate contained 300 pl of homogenate. From this, an aliquot
of 170 ul was taken for Hb quantification, while the rest was diluted by adding further 150 ul of PBS
and mixed by pipetting. The dilution step was necessary to achieve the volume needed for all assays
while the Hb aliquot needed to be undiluted due to the low haemoglobin concentration of our
samples. Following dilution, two technical replicates of 100 ul were taken for measuring TBARS. The
remaining sample was centrifuged at 13000 rpm at 4°C for 10 min. Finally, the supernatant was
separated into an aliquot of 40 ul for GST and 25 pl for performing the Bradford assay used for
standardising TBARS and GST. For Hb standardisation, total protein was measured from the same
supernatant used for Hb. All aliquots were stored in -80°C until further processing, which was
completed within 2 days for all assays of each batch. All work was performed on ice. For all blanks

and dilutions of reagents, we used the same mixture of PBS and protease inhibitor.

Biomarker quantification

Each measurement batch and assay had its own triplicate standard curve which was used for
quantification of the respective batch. All measurements were used to estimate the respective
concentrations in the initial sample by considering all dilutions. The estimated concentrations were

divided by the sample’s total protein content.

Quantification of Hb followed Yampolsky et al. (2014). The respective aliquot was centrifuged at
14000 rpm at 4°C for 10 min and the supernatant transferred to a flat-bottom transparent 96-well
plate (Greiner BIO-ONE, Germany), with 50 pl per well and three technical replicates per sample. The
absorption spectrum from 230 to 660 nm at 2 nm intervals was measured with a Spark microplate

reader (TECAN, Switzerland). Blanks and a standard curve using commercial Haemoglobin from
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bovine blood (Sigma-Aldrich) were included for further quantification. Next, 5 ul of each sample and
technical replicate were transferred to a new plate and mixed with 95 ul Bradford solution (PanReac
AppliChem, Germany) for total protein measurement. Additionally, a standard curve using
commercial Bovine Serum Albumin (Sigma-Aldrich, Germany) was constructed for quantification.

Absorbance was measured at 595 nm.

From the measured absorbance spectrum of haemoglobin, the average of the blank measurements
was subtracted for each measurement batch. We averaged the absorbance of the three technical
replicates and quantified total haeme-containing proteins from the Soret peak at 414 nm (Sugano
and Hoshi 1971; Zeis 2020) using the standard curve. Following Yampolsky et al. 2014 we calculated
the relative oxygenated peaks of haemoglobin at 540 nm and 576 nm as rPeaksso = Asso—(Asz0 +
Ase0)/2 and rPeakszs = As76—(Asso + Asoo)/2, respectively. All final calculations were multiplied by initial

sample volume and divided by the total protein measured from the same supernatant.

TBARS was measured following the method by Ohkawa et al. (1979). The two TBARS aliquots were
mixed with 400 ul of a reaction mix each, made from 10% Acetic acid (final concentration 1.56M), 2-
Thiobarbituric acid (final concentration 22.8 M), and 10% sodium dodecyl sulfate (SDS; final
concentration 17mM) and incubated for 1h at 95°C. The triplicate standard curve incubated at the
same time was constructed using 1,1,3,3-tetramethoxypropane (TMOP; Sigma-Aldrich, Germany).
After incubation, tubes were centrifuged at 13000 rpm for 20 min and transferred to transparent 96-
well plates. The two TBARS aliquots were split further into four technical replicates per sample.

Absorbance was measured at 532 nm with the same microplate reader.

For the quantification of TBARS we used the slope of the TMOP standard curve after setting the
intercept to 0. After subtracting the blanks, the average absorbance of the technical replicates per

sample was multiplied by the dilution factor and initial sample volume and divided by the standard
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curve slope and the total protein per sample. TBARS level was expressed as nmol Malondialdehyde

(MDA) per mg protein.

Glutathione-S-transferase activity (GST) was measured using the monochlorobimane (MCB)
fluorometric method modified from Nauen and Stumpf (2002). In non-transparent 96-well plates
(Greiner BIO-ONE, Germany), 10 ul of the samples were mixed with 100 ul of 500 uM MCB solution,
40 pl PBS buffer, and 100 pl of 100 uM reduced glutathione (GSH; Sigma-Aldrich, Germany) dissolved
in PBS buffer. MCB (Synchem, Germany) was first dissolved in dimethyl sulfoxide (DMSO; Agilent,
Germany) and then diluted with PBS buffer. Commercial Glutathione-S-transferase from equine liver
(GST; Sigma-Aldrich, Germany) was used instead of sample as positive control at a dilution of 1:100
of a Img/ml PBS:Glycerin 1:1 stock solution. The fluorescence intensity (Excitation at 355 nm,
Emission at 460 nm) was measured with the microplate reader for five minutes starting right after
the injection of the GSH solution, with measurement per sample set every 30 seconds. For the
standard curve we used the same mixture, replacing the sample with 10 pl commercial GST at a 1:10
dilution of the stock solution, and using varying concentrations of the GSH solution from 0 to 100

WM. The plate was then incubated in the dark for 1 h before measuring Fluorescence intensity.

For GST activity, the slope of the fluorescence change per minute was estimated from the three
technical replicates and was divided by the standard curve slope (corresponding to fluorescence per
umol/L GSH) to estimate the substrate conjugation per minute (umol min* mg protein). Finally, the
enzyme activity was multiplied by the dilution factor and start volume and divided by the total
protein per sample. GST activity was expressed in U/mg protein, where U equals substrate pmol

conjugate min.

Total protein of the diluted TBARS and GST samples (see above Aliquoting for three biomarkers) was
performed according to Bradford (1976) as described for the Hb aliquot and was used for the

standardisation of the TBARS and GST activity measurements.
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Two pooled replicates (one for clone L11 in the 16°C treatment and one for clone L9 at 18°C) were
excluded from further analysis due to pipetting errors during homogenisation. These

clone/temperature combinations therefore only had three pooled replicates.

Statistical analysis

Linear mixed models were fitted with the ImerTest package (v. 3.1-3; Kuznetsova et al. 2017) based
on Ime4 (1.1-37; Bates et al. 2015) for the assays of Hb, TBARS, GST and for the fitness traits of GRmat
and Sizemat. For all the above traits, we performed a nested model comparison using the Likelihood
Ratio Test to pick a model. We additionally used the performance package (v. 0.15.0; Lidecke et al.
2021) as a confirmation of the comparison result. Model validation was performed using the

performance package.

For Hb, TBARS and GST, the respective trait was set as the response variable and measurement
batch was added as a random effect. The experimental block was not taken into consideration here
as the randomly pooled replicates constituted of replicates from different blocks. For model
comparisons, the following fixed terms were added one by one: temperature treatment, clone,
number of animals with eggs in the sample, number of animals with ephippia in the sample and an
interaction term between temperature and clone. The two terms of numbers of animals with eggs
and ephippia respectively were added to account for potential effects the reproductive state of the
animals might have had on the measured traits. The response variables for the oxygenated Hb
peaks, TBARS and GST were log-transformed to better meet the assumptions of the model, although

the results were similar with and without the log-transformation.

For the two fitness traits, GRmatand Sizemat, the random effect was block nested within clone, as we
were interested to capture the possible random effect that a cohort of mothers could have had on
the respective block of each clone. For the model comparison we likewise added the fixed terms one

by one: temperature, clone and their interaction.
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After the best model was picked for each trait, we performed a type Il analysis of variance (ANOVA)
using Satterthwaite’s method (ImerTest package) and calculated the effect size omega? for each
fixed effect with the package effectsize (v. 1.0.1; Ben-Shachar et al. 2020). Estimated marginal means
and their 95% confidence intervals were estimated with the emmeans package and post-hoc
comparisons with a Holm correction for multiple testing were performed by additionally inferring
the 95% confidence intervals. Finally, Cohen’s d and its 95% confidence intervals of the emmeans

contrasts were estimated using the eff_size function from the emmeans package.

Mortality and Timemat data were analysed using the survival package (v. 3.8-3; Therneau 2024) to fit
Cox proportional hazards models. Block was used as a frailty term (random effect term in Cox
models), and temperature treatment and clone were used as fixed effects. Using a nested frailty
term was not possible for this model. Both for Mortality and Timemat, models were compared with a
second model that included the interaction of temperature and clone as an additional effect, using
the Likelihood Ratio test. The chosen model was tested for the assumption of proportional hazards
by inspecting scaled Schoenfeld residual plots (Schoenfeld 1982). In the case of Timemat , this
assumption was violated both for clone and temperature and, therefore, the dataset was split into
four time periods based on the residual plots, with the aim to have a constant hazard ratio within
each period, as recommended by the respective vignette of the survival package (Therneau et al.
2024). The four time periods were: [0 - 14 days], [15 - 20 days], [21 - 25 days], and > 25 days. We
then extended the Cox models by adding interactions of clone and temperature with a time-varying
coefficient based on the stratified time periods and repeated the model comparison. Finally,
estimated marginal means of the chosen models were calculated with the emmeans package
(1.11.1; Lenth and Piaskowski 2025), and post-hoc tests were performed on them using the Holm
correction for multiple testing (Holm 1979) and estimating 95% confidence intervals. For these
estimations to be possible for the extended model, the frailty term of block was removed and the
model refitted with block as a fixed term. For comparison, we performed the same analysis on the

mortality and maturity data obtained from the animals of the physiological assays. Kaplan-Meier
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survival curves and their 95% confidence intervals were drawn for all data using the survminer
package (v. 0.5.0; Kassambara et al.) purely for visualisation, while the analysis was done as

explained above.

All data and statistical analyses were performed in R (v. 4.3.0; R Core Team 2023) using Rstudio (v.
2025.09.0.387; Posit Team 2025). Plots were constructed using the ggplot2 package (v.3.5.2;

Wickham 2016).

Results

Male production and mortality: During the entire experiment only one male was produced and
subsequently removed. Mortality was likewise negligible and did not significantly reduce the number
of experimental animals in either of the experimental modes. More specifically, survival did not fall

below 80% for any clone or temperature and was therefore not further considered here.

Haemoglobin: Results for total haeme-containing proteins and the oxygenated Hb peaks were
similar; therefore, we focus on the result for the relative oxygenated Hb peak at 576 nm. The
selected model included temperature and clone as fixed factors. Temperature did not affect Hb
levels for any of the clones, but clone had a significant effect with an effect size of 0.56 [95% Cl: 0.35,
1.00], (Table 1a). Clone L11, the sole member of the modern genetic cluster included in the
experiment, had significantly higher Hb compared with the other three clones in all treatments (Fig.
23, see also Table S1a for model comparison and S2 for linear mixed model estimates and post-hoc

test contrasts).

TBARS: In addition to temperature and clone, the selected model included number of animals with
eggs (Table S1b). Although all three fixed effects had low p-values, the effect size was most
substantial for clone (0.22 with 95% CI [0.02, 1.00]), following a phenotypic response pattern similar
to Hb (Table 1b). Here again, TBARS concentration of clone L11 was significantly higher across all
three temperatures compared with the other three clones (Fig. 2b and see Table S3 for extended

results), indicating an elevated lipid peroxidation across temperatures in this clone. TBARS was
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significantly higher in the 16°C treatment for all clones in comparison with the 14°C treatment with
an effect size of -0.91 with 95% Cl [-1.73, -0.09]. In the 18°C treatment TBARS dropped closer to the

levels of 14°C in all clones, albeit without statistical significance.

GST: No model was selected from the Likelihood Ratio Test (Table S1c), as none explained the data
better than the null model containing only the random effect. To allow visual comparison with the

graph for the other traits, we fitted here the simplest model representing the experimental design,
namely with clone and temperature as fixed effects. As shown in Table 1c and Fig. 2¢ neither

temperature nor clone showed any effects on GST.

Table 1. Type lll Analysis of Variance Table using Satterthwaite's method and Effect Size w2 (partial) for linear
mixed models. Significant p-values (p < 0.05) and substantial effect sizes with 95% Confidence intervals (Cl) not

including 0 are in bold. Ndf: Nominator degrees of freedom, Ddf: Denominator degrees of freedom

a. Relative oxygenated Haemoglobin peak at 576 nm

Chosen model: log(rPeaksss) ~ 1 + Temperature + Clone + (1 | Batch)

Sum Mean Ndf Ddf F-value  p-value Effect 95% Cl
Sq. Sq. size w?
(partial)
Temperature 0.11 0.06 2 37.03 1.65 0.205 0.03 [0.00,
1.00]
Clone 1.81 0.60 3 37.02 18.15 2.08E-07 0.56 [0.35,
1.00]

b. TBARS

Chosen model: log(TBARS) ~ 1 + Temperature + Clone + Nr. animals with eggs + (1 | Batch)

Sum Mean Ndf Ddf F-value  p-value Effect 95% ClI
Sq. Sq. size w?

(partial)




Temperature 0.54 0.27 i 36.02 3.57 0.038 0.12 [0.00,
1.00]
Clone 1.09 0.36 3 36.25 4.79 0.007 0.22 [0.02,
1.00]
Nr. animals 0.32 0.32 1 37.49 4.16 0.048 0.07 [0.00,
with eggs 1.00]
c. GST activity
Chosen model: Null; Fitted model: log(GST activity) ~ 1 + Temperature + Clone + (1 | Batch)
Sum Mean Ndf Ddf F-value  p-value Effect 95% Cl
Sq. Sq. size w?
(partial)
Temperature 0.10 0.05 2 37.04 0.60 0.557 0 [0.00,
1.00]
Clone 0.25 0.08 3 37.04 1.02 0.394 0.001 [0.00,
1.00]
d. Growth rate to maturity (GRmat)
Chosen model: GRmat ~ 1 + Temperature + Clone + Temperature:Clone + (1 | Clone:Block)
Sum Mean Ndf Ddf F-value  p-value Effect 95% ClI
Sq. Sq. size w?
(partial)
Temperature 32194 16097. 2 239.05 81.40 < 2.2E-16 0.4 [0.32,
1 1.00]
Clone 8209 27363 3 23.80 13.84 1.99E-05 0.58 [0.32,
1.00]
Temp:Clone 3004 500.6 6 24042 2.53 0.021 0.04 [0.00,

1.00]



366

367

e. Size at maturity (Sizemat)

Chosen model: Sizemat ~ 1 + Temperature + Clone + (1 | Clone:Block)

Sum Mean Num Denom F-value p-value Effect 95% Cl
Sq. Sq. . df . df size w?
(partial)
Temperature 106571 53286 2 232.56 3.85 0.023 0.02 [0.00,
1.00]
Clone 265785 88595 3 24.38 6.40 0.002 0.36 [0.07,
1.00]
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Figure 2. Physiological responses of four clones to elevated temperature. Panels show the measurement
results for the four clones for the relative oxygenated Haemoglobin peak at 576 nm per mg protein (a), TBARS
in nmol MDA/mg protein (b) and Glutathione-S-Transferase Activity in U/mg protein, where U equals substrate
conjugation min! (c). All responses were log-transformed. Big symbols represent estimated marginal means
per clone and temperature estimated from the chosen statistical model. Vertical bars represent their
confidence Intervals at a 95% threshold. Small points indicate raw measurements from the four pooled
replicates per clone and treatment, while “x” shows their arithmetic mean. Dashed lines connect the
estimated marginal means per clone. The legend explains the membership of each clone to temporal

subpopulation and genetic cluster. Black horizontal dashed bars with asterisks at the bottom of the plot
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indicate overall statistically significant differences between temperature treatments from post-hoc contrasts
with Holm correction. Red horizontal dashed bars with asterisks at the top of the plot indicate overall
statistically significant differences between clones. Note that statistical differences between clones are
averaged across temperatures as the models do not include an interaction term. Statistical significance of p-

value is shown by asterisks thus: * <0.05, ** < 0.01, *** < 0.001.

Growth rate to maturity: The chosen model for GRmat included temperature and clone and their
interaction (Table S1d). All three terms had a significant effect, although only the individual effect
sizes of clone and temperature were substantial (> 0.1 and Cls did not include 0; Table 1d). This could
be explained by the fact that temperature had a differing effect only for clone L11: While GRma: of the
mixed genetic cluster clones steadily increased in the tested temperature range, GRmat for clone L11
only increased from 16°C to 18°C by a similar magnitude to the others (Fig. 3a, also see Table S4 for
extended results), but not from 14°C to 16°C. At all temperatures, clone L11 had a lower GRmat
compared to the other three clones with statistical significance at 16°C and 18°C. Effect sizes were

high (above 0.8) for all statistically significant post-hoc comparisons (see Table S4).

Size at maturity: The model chosen for this trait included only temperature and clone (Table Sle),
but the overall effects were less strong than for GRmat (Fig. 3b). Although both temperature and clone
were significant, only clone had a substantial effect size (0.36 with 95% ClI [0.07, 1.00]; Table 1e).
Sizemat decreased with elevated temperature for all clones (Fig. 3b and Table S5a). Animals were
significantly smaller at 18°C compared with 14°C (Table S5b) and 18°C contrasts with both lower
temperatures had substantial effect sizes (Table S5d). Clone L11 had a significantly larger Sizemat

across all temperatures compared with the other clones (Table S5).
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Figure 3. Life history trait responses of four clones to elevated temperature. Panels show the results for GRmat
measured in um per day (a) and Sizemat in um (b). Big symbols show the estimated marginal means per clone
and temperature estimated from the chosen statistical model and the vertical bars represent their confidence
Intervals at a 95% threshold. Small points indicate measurements from each individual per clone and
treatment, while “x” shows their arithmetic mean. Dashed lines connect the estimated marginal means per
clone. The legend explains the membership of each clone to temporal subpopulation and genetic cluster. Grey
horizontal bars with asterisks at the top of the plot in panel a indicate statistically significant differences
between clones within each temperature treatment (post-hoc contrasts, Holm correction). Coloured asterisks
on the dashed lines in panel a indicate statistical significance between successive temperatures within the
respective clone. The black dashed horizontal bar with asterisk at the bottom of the plot in panel b indicates
overall statistically significant difference between temperature treatments. Red horizontal dashed bars with
asterisks at the top of the plot indicate overall statistically significant differences between clones. Note that
statistical differences between clones in panel b are averaged across temperatures as the model does not

include an interaction term. Statistical significance of p-value is shown by asterisks thus: * < 0.05, ** < 0.01,

*** <0.001.
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Time to maturity: This trait, reflecting the number of days until the appearance of eggs in the brood
chamber was significantly affected by temperature and clone (Table 2). Individuals at elevated
temperatures mostly matured earlier, while clone L11 differed from the other three clones by
overall slower maturation irrespective of temperature (Fig. 4). There was one outlier animal (from
clone L9 at 16°C) that did not mature at all before dying at day 60, which was included in the
analysis. Temperature affected Timemat significantly in the first 14 days (first time period) at both
16°C and 18°C, while in the second time period (from 15 to 20 days) individuals matured significantly
earlier at 18°C (supported by the model estimates but not the post-hoc tests, see Table S6a, b).
Clone L11 differed from all clones in the first 14 days, and from clones 5 and 32 in the second time
period (Table Séc). There was no significant difference between clones or temperatures after day 20.
The analysis of Timemat of individuals from the physiological assays produced the same pattern,

confirming the above results (Fig. S1).

Table 2. Results from extended Cox model on Timemat from individuals of the fitness assays. Analysis of
Deviance Table with Terms added sequentially (first to last, for details see Methods). Cox PH Model:

Surv(Timemat, status) ~ Temp:strata(t) + Clone:strata(t) + frailty(Block). Significant p-values (p < 0.05) are in

bold.
Loglik. Chisq df p-value
Null -1311.3
frailty(Block) -1304.2 1436 1 1.51E-04
Temp:strata(t) -1241.9 124.59 8 < 2.2e-16

strata(t):Clone -1199.7 84.29 14.77 9.24E-12
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438 Figure 4. Kaplan-Meier curves for Timemat (here shown as age in days) of four clones across three
439 temperatures. Note that the real age at maturity could be plus 1-2 days, as the experiment started with up to

440 48h-old juveniles. The data originate from the fitness assays and are grouped by temperature in panel a) and
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by clone in panel b). Ribbons around curves show the 95%. Confidence intervals and vertical lines are censored
individuals. Red and black vertical dashed bars with asterisks on the legend indicate statistically significant
differences from post-hoc contrasts with Holm correction from the Cox PH model between clones and
temperatures respectively, only for the first time period [0, 14 days]. Statistical significance of p-value is shown

by asterisks thus: * < 0.05, ** <0.01, *** < 0.001.

Discussion

In this study we compared physiological and life history responses of four arctic Daphnia pulicaria
clones from two temporal subpopulations from Braya Sg in South-West Greenland. We found that
the responses of all three clones from the mixed genetic cluster where more similar to each other
than to clone L11 from the modern cluster. This modern clone differed from the other three clones
as expected by higher haemoglobin level, higher values of lipid peroxidation, slower growth rates,
and later maturity, all indicating higher stress levels. Contrary to our expectations, the physiological
measurements did not clearly show an increased level of stress with higher temperature, while one
of the markers, GST activity, did not show a pattern between the tested temperatures or differences

between clones at all. The obtained results are discussed in detail below.

Genetic cluster membership determines physiological and life history responses

The genetic cluster membership was the only determinant for the clones’ response patterns, despite
a significant difference in thermal tolerance between temporal subpopulations in our previous work
(Karapli-Petritsopoulou et al. 2025b). One possible explanation for this discrepancy is that we
previously characterised thermal tolerance using an acute measurement, i.e. time to immobilisation
at 34°C, while here we were measuring more chronic physiological responses to milder thermal
stress, essentially assessing different traits. Clone L11 associated with the modern genetic cluster
differed significantly from the three mixed cluster clones in almost all traits. Responses of the latter

were mostly identical for the traits measured, despite the different temporal origin of the clones.



466  This could be expected also by the extremely low genetic distances between the clones of the same
467  genetic cluster (Karapli-Petritsopoulou et al. 2025b), although identical genomes do not necessarily
468  preclude phenotypic divergence if there are different epigenetic marks (Feiner et al. 2022; Vogt

469  2022).

470  The consistently higher haemoglobin level and lipid peroxidation of clone L11 coupled with slower
471  growth rate and later maturity, suggest that this clone is under more stress. While higher biomarker
472 values could also be coupled with higher tolerance for this stress, and therefore may not indicate a
473  fitness disadvantage (Coggins et al. 2017), our previous work has shown a lower thermal tolerance of
474 clone L11 in comparison to the other three (Karapli-Petritsopoulou et al. 2025b). The temperature of
475 14°C used as control here can already be considered high for this ecosystem, as it represents the
476 surface temperature typically reached in the warmest summer months. It is possible that the

477  Daphnia may not experience this high temperature by seeking refuge in the colder lower depths,
478  however Braya S¢ has a permanent anoxic zone that would cause additional hypoxic stress (Karapli-
479 Petritsopoulou et al. 2025b). In principle, thermal and hypoxic stress pose similar physiological

480 challenges, as they are both bound to oxygen capacity (Portner 2010). It is therefore possible that
481 clone L11, and therefore likely all genetically highly similar representatives of the modern genetic
482  cluster detected only in 2022 are less fit under future temperature scenarios, raising the question

483  whether these genotypes will be able to persist.

484  Elevated temperatures did not result in higher thermal stress
485  Contradicting our expectations, thermal stress measured by the physiological biomarkers did not
486  have aclear pattern of increase with higher temperature within the tested range. Life history traits,

487 however, were more responsive to the tested temperatures.

488 Haemoglobin levels were not elevated at 16°C or 18°C in comparison to 14°C in any of the clones. It
489 could be that the tested temperature range was not high enough to induce any excess thermal

490  stress surpassing the capabilities of the baseline haemoglobin level. It is unlikely that a 4°C range
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was too narrow: In the temperate species Daphnia pulex individuals both acclimated and acutely
exposed to 24°C had higher Hb concentration compared with individuals acclimated to 20°C (Gerke
et al. 2011; Zeis et al. 2013). While increasing haemoglobin content with warmer temperatures in
Daphnia is one of the possible responses, another known response is an alteration of the oxygen
binding affinity of Hb mainly through differential subunit composition of the molecule, increasing its
efficiency (Zeis 2020). Such a change in the subunit composition could be an alternative strategy to
an increase in Hb level in the tested clones, but cannot currently be determined from our data.
Conversely, it is possible that the Arctic Daphnia pulicaria lack Hb production plasticity as Hb
plasticity is known to be dependent upon clone (Pinkhaus et al. 2007; Yampolsky et al. 2014; Cuenca
Cambronero et al. 2018) and species (Sell 1998; Zeis 2020). Interestingly, Yampolsky et al. (2014)
found that Daphnia magna clones originating from colder environments had a significant trend of

lower plasticity in Hb production compared with clones from warmer environments.

Lipid peroxidation was significantly higher for all clones at 16°C compared with 14°C, while it
dropped again at 18°C. Lipid peroxidation can be a useful marker for assessing oxidative damage, but
its level is affected both by antioxidant capacity and lipid composition that cannot be disentangled
from our data. The amount of polyunsaturated fatty acids (PUFAs) in the lipid composition of the
membranes depends on temperature as well as on the genotype (Martin-Creuzburg et al. 2019; Zeis
et al. 2019; Werner et al. 2021). As PUFAs are primary targets of lipid peroxidation, the more PUFAs
present in cell membranes, the higher lipid peroxidation is expected (Ayala et al. 2014; Zeis et al.
2019). Daphnia have a higher accumulation of PUFAs at lower temperatures, as they are important
for the fluidity of biomembranes (Zeis et al. 2019). Assuming that excess oxidative damage occurs
above 14°C, the lipid composition might have remained unchanged at 16 °C, while at 18 °C, the
temperature may have been high enough to initiate membrane restructuring with reduced PUFAs
(Crockett 2008). Another possibility is that at 18°C, antioxidant defence systems (other than the GST
enzyme that we measured) were activated that reduced oxidative damage and, consequently, lipid

peroxidation.



517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

Growth rate to maturity was more sensitive to temperature and was higher at elevated
temperatures for all clones as expected, even though clone L11 had a significantly higher growth
rate only at 18°C, as discussed above. Higher GRmat as well as shorter Timemat is consistent with
higher metabolic and development rates occurring at elevated temperatures in ectotherms including
Daphnia (Gillooly et al. 2001; Forster et al. 2011; Fossen et al. 2018; Im et al. 2019). However,
elevated oxidative stress can result in the allocation of a limited amount of energy to growth and
reproduction, a trade-off that has been observed in other Daphnia species (Smith et al. 2016; Im et
al. 2020b) and may explain the lower growth rate and later reproduction of clone L11. Consequently,
the significantly higher Sizemat of clone L11 can be expected from its significantly later reproduction.
Sizemat did not change across temperatures for any of the clones, suggesting that this trait might not
be as sensitive to this low temperature range as the other measured traits. A lower plasticity of
Sizemat compared with Timemat is also supported by thermal reaction norms reported for Daphnia

magna in other studies (Fossen et al. 2018; Hoefnagel et al. 2018).

The negligible differences in thermal stress we observed between the tested temperatures may also
be linked to the presence of an anoxic zone in this population’s habitat (Karapli-Petritsopoulou et al.
2025b): an elevated hypoxia tolerance of the Daphnia of Braya Sg has been suggested by previous
results (Karapli-Petritsopoulou et al. 2025a; b), linked to the migration of Daphnia to the lower,
anoxic depths for the purpose of exploiting additional food resources (Massana et al. 1994; Sell
1998) historically present in the oxycline of this meromictic oligotrophic lake (Dane et al. 2020).
Because of the central role of oxygen limitation in thermal tolerance (Paul et al. 2004; Seidl et al.
2005; Portner 2010), an elevated tolerance to hypoxia could be protective against the thermal stress

caused within the temperature range tested here.

GST activity did not differ

We did not find any differences or trends between clones and temperatures for GST activity. It is

possible that the experimental exposure temperatures did not produce sufficient oxidative stress to
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trigger the further activation of antioxidant defence systems compared to our control temperature.
This is supported by the lack of elevated haemoglobin and low lipid peroxidation at 18°C, if the latter
was a result of a membrane reconstruction, as discussed above. Alternatively, there may have been
an activation of other antioxidant enzymes as each enzyme responds differently according to the
stressor or toxicant (Barata et al. 2005b). Although the glutathione redox system is activated by
exposure to a rise in temperature in Daphnia (Becker et al. 2011), studies comparing different
enzyme response to thermal stress demonstrated no significant increase in GST activity in contrast

to glutathione peroxidase and catalase (Im et al. 2019; Hoffschrder et al. 2024).

Conclusion

Our study addresses the complex interplay between thermal stress under potential future climate
scenarios and life history traits as well as oxidative stress responses of an Arctic OP Daphnia pulicaria
from two different time periods. Our results demonstrate strong similarity of all measured traits
among clones of the same genetic cluster, while there was no effect of the time period of their
origin, indicative of a lack of micro-evolutionary change. The temperatures tested did not induce
plasticity in the physiological markers in any of the clones, suggesting that these Daphnia are
protected from thermal stress at the tested temperature range, but also raising the question
whether additional markers could offer further insights into physiological changes across the three
temperatures. Finally, the clone representing the modern genetic cluster that was detected only in
2022 showed overall higher stress levels and lower fitness. A more in-depth survey of this population

is needed to assess its overall survival capacity and consequences to the lake ecosystem.

Our study included markers for different physiological processes. Although we were only able to
include one clone from the modern genetic cluster, our data suggest a high likelihood that clones
from the same genetic cluster will have very similar responses. A deeper understanding of
physiological responses to thermal stress in these clones would require direct measurements of

oxidative stress (ROS) as well as enzymes of other antioxidant defence systems like catalase and
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superoxide dismutase. In addition, a wider range of both lower and higher temperatures would
allow the construction of thermal performance curves (TPCs) (Wang et al. 2023) that could help to
determine the optimum temperatures of these clones. As environmental change generates multiple
stressors that influence organismal responses (Altshuler et al. 2011), future research in this system
should include various interacting stressors while incorporating variable rather than constant

temperature changes in the design to achieve greater ecological relevance (Chen and Stillman 2012).
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Figure S1. Kaplan-Meier curves for Timemat (here shown as age in days) of four clones across three
temperatures. Note that the real age at maturity could be plus 1-2 days, as the experiment starts with up to
48h-old juveniles. Data are from animals from the physiological assays. Data are grouped by Temperature in
panel a) and by Clone in panel b). Ribbons around curves show the 95% Confidence intervals.



Table S1. Model Comparison results for the relative oxygenated Haemoglobin peak at 576 nm (rPeakss) (a.),
TBARS (b.), GST activity (c.), Growth rate to Maturity (GRmat) (d.), Size at Maturity (Sizemat) (e.), and Time to
Maturity (Timemat) (f.). Significant p-values (p < 0.05) and chosen models are in bold.

a. rPeaksys

modrPs7s 0: log(rPeaks7s) ~ 1 + (1 | Batch)

modrPs7s 1: log(rPeakszs) ~ 1 + Temperature + (1 | Batch)

modrPszs 2: log(rPeakszs) ~ 1 + Temperature + Clone + (1 | Batch)

modrPs7s 3: log(rPeaks7s) ~ 1 + Temperature + Clone + Nr.animals with eggs + (1 | Batch)

modrPs7s 4: log(rPeaks7s) ~ 1 + Temperature + Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)

modrPs7s 5: log(rPeaks7s) ~ 1 + Temp + Clone + Temp:Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)
npar AIC BIC loglik -2log(L) Chisq df P p-value

modrPs7s0 3 22.82 28.31 -8.41 16.82

modrPs;s1 5 2530 34.44 -7.65 1530 152 2 0.468
modrPs;62 8 -6.53 810 11.27 -22.53 37.83 3 3.07E-08
modrPs;s3 9 -499 1146 11.50 -22.99 046 1 0.497
modrPs;s4 10  -3.11 15.18 11.55 -23.11 0.11 1 0.737
modrPs7;s5 16  3.17 3243 1441 -2883 572 6 0.455

b. TBARS

modTBARS 0: log(TBARS) ~ 1 + (1 | Batch)

modTBARS 1: log(TBARS) ~ 1 + Temperature + (1 | Batch)

modTBARS 2: log(TBARS) ~ 1 + Temperature + Clone + (1 | Batch)

modTBARS 3: log(TBARS) ~ 1 + Temperature + Clone + Nr.animals with eggs + (1 | Batch)

modTBARS 4: log(TBARS) ~ 1 + Temperature + Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)

modTBARS 5: log(TBARS) ~ 1 + Temp + Clone + Temp:Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)
npar AIC BIC  logLik -2log(L) Chisqg dfP p-value

modTBARSO 3 32.95 38.43 -13.47 26.95

modTBARS1 5 33.22 4236 -11.61 2322 373 2 0.16
modTBARS2 8 29.00 43.62 -6.50 13.00 10.23 3 0.02
modTBARS 3 9 26.30 42.76 -4.15 8.30 469 1 0.03
modTBARS4 10 26.87 45.16 -3.44 6.87 143 1 0.23
modTBARSS5 16 34.88 64.14 -1.44 2.88 399 6 0.68

c. GST activity

modGST 0: log(GST activity) ~ 1 + (1 | Batch)

modGST 1: log(GST activity) ~ 1 + Temperature + (1 | Batch)

modGST 2: log(GST activity) ~ 1 + Temperature + Clone + (1 | Batch)

modGST 3: log(GST activity) ~ 1 + Temperature + Clone + Nr.animals with eggs + (1 | Batch)

modGST 4: log(GST activity) ~ 1 + Temperature + Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)

modGST 5: log(GST activity) ~ 1 + Temp + Clone + Temp:Clone + Nr.animals with eggs + Nr. animals with ephippia + (1 | Batch)
npar AIC BIC  loglLik -2log(L) Chisq df P p-value

modGSTO0 3 29.18 34.66 -11.59 23.18

modGST1 5 31.89 41.03 -10.94 21.89 129 2 0.525
modGST2 8 3457 49.20 -9.28 1857 332 3 0.345
modGST3 9 35.74 52.20 -887 1774 083 1 0.362
modGST4 10 37.69 55.98 -885 1769 0.05 1 0.831
modGST5 16  46.67 75.93 -734 1467 3.02 6 0.806



d. GRmat

modGrMat 0: GRmat ~ 1 + (1 | Clone:Block)

modGrMat 1: GRmat ~ 1 + Temperature + (1 | Clone:Block)

modGrMat 2: GRmat ~ 1 + Temperature + Clone + (1 | Clone:Block)

modGrMat 3: GRmat ~ 1 + Temperature + Clone + Temperature:Clone + (1 | Clone:Block)
npar AIC BIC loglik  -2log(L) Chisq dfP p-value

modGrMat0 3 2470.8 2481.7 -1232.4 2464.8

modGrMat1l 5 2357 2375.1 -1173.5 2347 117.87 2 < 2.2e-16

modGrMat2 8 2335.3 2364.3 -1159.7 23193 27.66 3 4.27E-06

modGrMat3 14 2331.7 2382.6 -1151.9 2303.7 1556 6 0.016

e. Sizemat

modSzMat O: Sizemat ~ 1 + (1 | Clone:Block)

modSzMat 1: Sizemat ~ 1 + Temperature + (1 |Clone:Block)

modSzMat 2: Sizemat ~ 1 + Temperature + Clone + (1 | Clone:Block)

modSzMat 3: Sizemat ~ 1 + Temperature + Clone + Temperature:Clone + (1 | Clone:Block)
npar AIC BIC loglik  -2log(L) Chisqg dfP p-value

modSzMat0 3  3515.5 3526.4 -1754.8 3509.5

modSzMat1 5 3510.9 3529.1 -1750.5 3500.9 8.56 2 0.014

modSzMat2 8 3500.2 3529.2 -1742.1 3484.2 16.74 3 0.001

modSzMat3 14 3505.9 3556.8 -1739 34779 6.27 6 0.393

f. Timemat

ModTMat 1: Surv(Timemat, status) ~ Temperature:strata(t) + Clone:strata(t) + frailty(Block)

ModTMat 2: Surv(Timemat, status) ~ Temperature:strata(t) + Clone:strata(t) + Temperature:Clone + frailty(Block)
loglik Chisqg df  p-value

ModTMat 1 -1199.7

ModTMat 2 -1196.1 7.23 4.22 0.141



Table S2. Extended results for the relative oxygenated Haemoglobin peak at 576 nm. Estimates from Linear
mixed model fit by REML. t-tests use Satterthwaite's method (a). Post-hoc contrasts on estimated marginal
means (EMMs) with Holm correction. Contrasts between Temperature levels are averaged for Clone (b) and
contrasts between Clones are averaged for Temperature (c). Cohen’s d for EMMs contrasts (d). Significant p-
values (p < 0.05) and substantial effect sizes with 95% Confidence intervals (Cl) not including O are in bold.

Chosen model: log(rPeak576) ~ 1 + Temp + Clone + (1 | Batch)

a.

Estimate Std. Error df tvalue p-value
(Intercept) -5.79 0.11 5.82 -52.66 5.09E-09
Templ6 0.11 0.07 37.02 1.60 0.118
Templ8 0.10 0.07 37.02 1.52 0.136
Clone32 -0.03 0.07 37.00 -0.41 0.682
Clonel9 -0.14 0.08 37.02 -1.84 0.074
Clonel11 0.40 0.08 37.02 5.21 7.42E-06
b.
contrast Estimate SE df lowerCl upperCl tratio p-value
Templ4d - Templ6 -0.11 0.07 37 -0.27 0.06 -1.60 0.353
Templd - Templ8 -0.10 0.07 37 -0.27 0.06 -1.52 0.353
Templ6 - Templ8 0.01 0.07 37 -0.16 0.17 0.08 0.938
C.
contrast Estimate SE df lowerCl upperCl tratio p-value
Clone 5 - Clone 32 0.03 0.07 37 -0.18 0.24 0.41 0.682
Clone 5 - Clone L9 0.14 0.08 37 -0.07 0.35 1.84 0.221
Clone 5-Clone L1l -0.40 0.08 37 -0.61 -0.19 -5.21 <.0001
Clone32-Clonel9 0.11 0.08 37 -0.10 0.32 144 0.318
Clone 32 -Clone L11 -0.43 0.08 37 -0.64 -0.22 -5.61 <.0001
Clone L9 - Clone L11 -0.54 0.08 37 -0.76 -0.32 -6.86 <.0001
d.
Contrast Effect size SE df lower CI  upper Cl
Templ4d - Templ6 -0.41 0.26 4.01 -1.14 0.32
Templ4 - Templ8 -0.39 0.26 4.01 -1.12 0.34
Templ6 - Templ8  0.02 0.26 4.13 -0.70 0.74
Contrast Effect size SE df lower CI  upper Cl
Clone 5 - Clone 32 0.12 0.29 457 -0.65 0.90
Clone 5 - Clone L9 0.55 0.31 457 -0.26 1.36
Clone5-Clone L1l -1.56 0.35 4.57 -2.49 -0.63
Clone 32 -Clonel9 0.43 0.30 4.57 -0.37 1.24
Clone 32 -Clone L11 -1.68 0.36 4.57 -2.63 -0.74

Clone L9 - Clone L11 -2.11 039 481 -3.14 -1.09



Table S3. Extended results for TBARS. Estimates from Linear mixed model fit by REML. t-tests use
Satterthwaite's method (a). Post-hoc contrasts on estimated marginal means (EMMs) with Holm correction.
Contrasts between Temperature levels are averaged for Clone (b) and contrasts between Clones are averaged
for Temperature (c). Cohen’s d for EMMs contrasts (d). Significant p-values (p < 0.05) and substantial effect
sizes with 95% Confidence intervals (Cl) not including 0 are in bold.

Chosen model: log(TBARS) ~ 1 + Temperature + Clone + Nr.animals with eggs + (1 | Batch)

a.

Estimate Std. Error
Intercept  0.46 0.26
Templ6 0.27 0.10
Templ8 0.13 0.10
Clone32 0.05 0.13
Clonel9 0.02 0.12
Clonel11 0.59 0.19
Nr.animals
with eggs 0.01 0.00
b.
Contrast Estimate SE
Templ4d - Templ6 -0.27 0.10
Templ4d - Templ8 -0.13 0.10
Templ6 - Templ8 0.14 0.10
C.
Contrast Estimate
Clone 5 - Clone 32 -0.05
Clone 5 - Clone L9 -0.02
Clone 5 - Clone L11 -0.59
Clone 32 - Clone L9 0.03
Clone 32 - Clone L11 -0.54
Clone L9 - Clone L11  -0.57
d.
Contrast Effect size
Templ4 - Templ6 -0.91
Templ4d - Templ8 -0.44
Templ6 - Templ8 0.47
Contrast Effect size
Clone 5 - Clone 32 -0.16
Clone 5 - Clone L9 -0.07
Clone5-Clone L11 -1.99
Clone 32 -Clonel9 0.09
Clone 32 - Clone L11 -1.82
Clone L9 - Clone L11 -1.92

df

38.96
35.94
36.01
36.32
36.05
36.71

37.49

df

36.1
36.2

SE

0.13
0.12
0.19
0.12
0.15
0.18

0.36
0.35
0.35

0.44
0.40
0.69
0.42
0.54
0.64

tvalue p-value
1.76 0.086
2.67 0.011
1.28 0.209
0.37 0.713
0.17 0.867
3.09 0.004
2.04 0.048
lower CI upperCl tratio p-value
-0.52 -0.02 -2.67 0.034
-0.38 0.12 -1.28 0.353
-0.12 0.39 1.38 0.353
df lower CI upper Cl tratio
36.40 -0.41 0.31 -0.37
36.10 -0.35 0.31 -0.17
36.80 -1.12 -0.05 -3.06
36.30 -0.31 0.37 0.23
36.40 -0.95 -0.13 -3.69
36.80 -1.06 -0.07 -3.21
df lower CI  upper Cl
8.34 -1.73 -0.09
834 -1.23 0.35
8.95 -0.32 1.26
df lower CI  upper Cl
11.50 -1.12 0.80
15.20 -0.92 0.78
17.90 -3.43 -0.54
11.50 -0.82 1.01
11.50 -3.01 -0.64
15.20 -3.28 -0.56

p-value

0.016

0.004
0.014



Table S4. Extended results for Growth rate to maturity (GRmat). Estimates from Linear mixed model fit by REML.
t-tests use Satterthwaite's method (a). Post-hoc contrasts on estimated marginal means (EMMs) with Holm
correction. Contrasts between Temperature levels are averaged for Clone (b) and contrasts between Clones
are averaged for Temperature (c). Cohen’s d for EMMs contrasts (d). Significant p-values (p < 0.05) and
substantial effect sizes with 95% Confidence intervals (Cl) not including 0 are in bold.

Chosen model: GRmat ~ 1 + Temperature + Clone + Temperature:Clone + (1 | Clone:Block)

a.

Estimate Std. Error df tvalue p-value
Intercept 64.47 4.64 4549 1390 <2e-16
Templ6 18.71 5.01 247.76 3.73 2.34E-04
Templ8 34.13 5.02 255.39 6.80 7.29E-11
Clone32 -1.08 6.45 49.61 -0.17 0.867
Clonel9 7.55 6.64 42.65 1.14 0.262
ClonelL11 -15.16  6.58 4534 -2.30 0.026
Templ6:Clone32 -8.68 7.28 212.67 -1.19 0.234
Temp18:Clone32 0.89 7.23 225.35 0.12 0.902
Templ16:Clonel9 -8.45 7.44 24198 -1.14 0.258
Templ18:Clonel9 1.36 6.79 264.14 0.20 0.842
Templ6:Clonel11 -18.92  7.59 222.49 -2.49 0.013
Templ18:Clonel1l -17.89  6.84 263.24 -2.61 0.009
b.
Within Clone 5
contrast Estimate SE df lower CI upper Cl tratio p-value
Templ4 - Temple -18.71 5.07 250 -30.9 -6.49 -3.69 0.001
Templ4d - Templ8 -34.13 5.07 257 -46.4 -21.91 -6.73 <.0001
Templ6 - Templ8 -15.42 447 263 -26.2 -4.64 -3.45 0.001
Within Clone 32
contrast Estimate SE df lower CI upperCl tratio p-value
Templ4 - Templ6 -10.03 5.37 185 -23 2.94 -1.87 0.063
Templ4 - Templ8 -35.02 5.28 198 -47.8 -22.27 -6.63 <.0001
Templ6 - Templ8 -24.99 5.37 188 -38 -12.01 -4.65 <.0001
Within Clone L9
contrast Estimate SE df lower CI upperCl tratio p-value
Templ4d - Templ6 -10.27 5.57 240 -23.7 3.17 -1.84 0.067
Templ4 - Templ8 -35.49 461 267 -46.6 -24.39 -7.70 <.0001
Templ6 - Templ8 -25.22 5.24 265 -37.8 -12.61 -4.82 <.0001
Within Clone L11
contrast Estimate SE df lower CI upperCl tratio p-value
Templ4d - Templ6e 0.21 5.78 207 -13.7 14.17 0.04 0971
Templ4d - Templ8 -16.24 469 267 -27.5 -4.95 -3.47 0.002

Templ6 - Templ8 -16.45 569 230 -30.2 -2.74 -2.89 0.008



C.
Within Temperature 14
contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

Within Temperature 16
contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

Within Temperature 18
contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

d.

Within Clone 5
Contrast

Templ4 - Templ6
Templ4 - Templ8
Templ6 - Templ8

Within Clone 32
Contrast

Templ4 - Templ6
Templ4 - Templ8
Templ6 - Templ8

Within Clone L9
Contrast

Templ4d - Templ6
Templ4d - Templ8
Templ6 - Templ8

Estimate
1.08
-7.55
15.16
-8.64
14.08
22.71

Estimate
9.77
0.90
34.08
-8.87
24.32
33.19

Estimate
0.20
-8.91
33.05
-9.10
32.85
41.96

Effect size
-1.11
-2.02
-0.91

Effect size
-0.59
-2.07
-1.48

Effect size
-0.61
-2.10
-1.49

SE
6.49
6.66
6.6
6.57
6.51
6.68

SE
6.53
7.1
7.07
7.03
7
7.54

SE
6.6
6.88
6.85
6.7
6.67
6.94

SE

0.32
0.37
0.28

SE

0.32
0.39
0.36

SE

0.34
0.36
0.35

df  lower Cl upper Cl tratio
55.1 -16.67 18.84 0.17
47.5 -25.89 10.79 -1.13
50.5 -2.97 33.29 2.30
51.4 -26.66 9.38 -1.32
549 -3.73 31.89 2.16
47.4 431 41.11 3.40
df  lower Cl upper Cl tratio
54.8 -8.11 27.64 1.50
54.8 -18.54 20.33 0.13
56 14.74 53.42 4.82
59 -28.07 10.32 -1.26
60.3 5.22 43.42 3.47
59.5 12.62 53.76 4.40
df  lower Cl upper Cl tratio
57.7 -17.84 18.23 0.03
51.4 -27.77 9.96 -1.30
55.3 14.32 51.79 4.83
55 -27.45 9.24 -1.36
59.6 14.64 51.06 4.92
53 22.92 60.99 6.04
df lower CI  upper Cl
250.00 -1.74 -0.47
257.00 -2.75 -1.29
263.00 -1.47 -0.36
df lower CI  upper Cl
185.00 -1.23 0.05
198.00 -2.83 -1.31
188.00 -2.18 -0.78
df lower CI  upper Cl
240.00 -1.27 0.05
267.00 -2.80 -1.40
265.00 -2.18 -0.80

p-value
0.868
0.583
0.129
0.583
0.140
0.008

p-value
0.421
0.900
1.00E-04
0.424
0.004
2.00E-04

p-value
0.976
0.540
<.0001
0.540
<.0001
<.0001



Within Clone L11
Contrast

Templ4d - Templ6
Templ4d - Templ8
Templ6 - Templ8

Within Temperature 14
Contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

Within Temperature 16
Contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

Within Temperature 18
Contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9
Clone 32 - Clone L11
Clone L9 - Clone L11

Effect size
0.01

-0.96
-0.97

Effect size
0.06
-0.45
0.90
-0.51
0.83
1.34

Effect size
0.58

0.05

2.02

-0.53

1.44

1.96

Effect size
0.01

-0.53

1.96

-0.54

1.94

2.48

SE

0.34
0.30
0.35

SE

0.38
0.40
0.40
0.39
0.39
0.42

SE

0.39
0.42
0.47
0.42
0.44
0.49

SE

0.39
0.41
0.45
0.40
0.44
0.48

df

207.00
267.00
230.00

df

55.10
47.50
50.50
51.40
54.90
47.40

df

54.80
54.80
56.00
59.00
60.30
59.50

df

57.70
51.40
55.30
55.00
59.60
53.00

lower Cl
-0.66
-1.54
-1.67

lower Cl
-0.71
-1.24
0.09
-1.30
0.04
0.50

lower Cl
-0.21
-0.79
1.08
-1.36
0.56
0.98

lower Cl
-0.77
-1.35
1.05
-1.34
1.06
1.51

upper Cl
0.69
-0.38
-0.28

upper Cl
0.83
0.35
1.70
0.28
1.62
2.19

upper Cl
1.36
0.90
2,95
0.31
2.32
2.94

upper Cl
0.79
0.30
2.86
0.26
2.83
3.45



Table S5. Extended results for Sizemat. Estimates from Linear mixed model fit by REML. t-tests use
Satterthwaite's method (a). Post-hoc contrasts on estimated marginal means (EMMs) with Holm correction.
Contrasts between Temperature levels are averaged for Clone (b) and contrasts between Clones are averaged
for Temperature (c). Cohen’s d for EMMs contrasts (d). Significant p-values (p < 0.05) and substantial effect

sizes with 95% Confidence intervals (Cl) not including 0 are in bold.

Chosen model: Sizemat ~ 1 + Temperature + Clone + (1 | Clone:Block)

a.

Estimate
Intercept 1991.44
Temple -4.74
Templ8 -49.30
Clone32 -0.87
Clonel9 -22.17
Clonel1l 128.68
b.
contrast

Templ4d - Templ6
Templ4d - Templ8
Templ6 - Templ8

C.
contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9

Clone 32 - Clone L11
Clone L9 - Clone L11

d.

Contrast

Templ4d - Templ6
Templ4d - Templ8
Templ6 - Templ8

Contrast

Clone 5 - Clone 32
Clone 5 - Clone L9
Clone 5 - Clone L11
Clone 32 - Clone L9

Clone 32 - Clone L11
Clone L9 - Clone L11

Std. Error df tvalue p-value

28.64 29.50 69.53 <2e-16

21.32 201.09 -0.22 0.824

19.67 251.12 -2.,51 0.013

35.63 24.86 -0.02 0.981

38.81 22.68 -0.57 0.573

38.05 23.87 3.38 0.002

Estimate SE df  lower Cl upperCl tratio
4.74 216 209 -47.41 56.9 0.22
49.3 19.9 254 1.4 97.2 2.48
44.56 20.8 249 -5.48 94.6 2.15
Estimate SE df  lower Cl upperCl tratio
0.87 35.7 28.4 -100.3 102 0.02
22.17 389 26 -88.8 133.2 0.57
-128.68 38.1 27.3 -237.1 -20.2 -3.38
21.30 37.1 283 -84.1 126.7 0.57
-129.55 36.4 30.1 -232.2 -26.9 -3.56
-150.85 39.5 27.2 -263.2 -38.5 -3.82
Effect size SE  df lower CI  upper Cl
0.04 0.16 59.80 -0.29 0.36

0.37 0.16 59.80 0.06 0.68

0.33 0.16 63.80 0.01 0.65
Effect size SE  df lower CI  upper Cl
0.01 0.27 25.90 -0.54 0.56

0.17 0.29 25.90 -0.43 0.77

-0.97 0.29 25.90 -1.56 -0.37

0.16 0.28 26.00 -0.41 0.73

-0.97 0.28 28.70 -1.54 -0.41
-1.13 0.30 26.00 -1.75 -0.51

p-value
0.827
0.041
0.066

p-value
1

1

0.009

0.006
0.004



Table S6. Extended Cox PH model results for Timemat and Post-hoc contrasts of estimated marginal means for
fitness mode animals. (a) Coefficients estimated from Cox PH model, where coefficient is the logarithm of the
Hazard ratio, reference groups are Clone 5 and Temperature 18, SE: standard error, HR: Hazard ratio, Cl:
confidence interval. (b) Post-hoc contrasts of estimated marginal means calculated using the model
coefficients, with Holm correction. Estimated from a model with Block as a fixed term. Contrasts between
Temperature levels are averaged for Clone and (c) contrasts between Clones are averaged for Temperature.
Significant p-values (p < 0.05) are in bold.

a. Chosen model: Surv(Timenmat , status) ~ Temp:strata(t) + Clone:strata(t) +frailty(Block)

Coefficient (SE)  HR [95% Cl] p-value
frailty(Block) 0.110
Templd:strata(t)t=1  -3.01(0.36) 0.05[0.02,0.10]  9.2E-17
Templ6:strata(t)t=1  -1.38 (0.22) 0.25[0.16,0.38]  1.8E-10
Templ4:strata(t)t=2 -0.73 (0.36) 0.48[0.24,0.97] 0.041
Templ6:strata(t)t=2 -0.88 (0.38) 0.41[0.20,0.87] 0.019
Temp14:strata(t)t=3 -1.29 (0.66) 0.28 [0.08,1.00] 0.050
Temp1l6:strata(t)t=3 -0.93 (0.64) 0.40[0.11,1.39] 0.150
Templ4:strata(t)t=4 0.05 (0.53) 1.05[0.37,2.93] 0.93
Templ6:strata(t)t=4 0.34 (0.54) 1.40[0.48,4.05] 0.53
strata(t)t=1:Clone32 -0.20(0.25) 0.82[0.50,1.33] 0.42
strata(t)t=2:Clone32 -0.24 (0.27) 0.78[0.46,1.34] 0.38
strata(t)t=3:Clone32 -0.36 (0.59) 0.70[0.22,2.21] 0.54
strata(t)t=4:Clone32 0.57 (0.69) 1.77 [0.46,6.83] 0.41
strata(t)t=1:Clonel9 0.16 (0.26) 1.17[0.71,1.94] 0.53
strata(t)t=2:Clonel9 -0.35(0.31) 0.71[0.39,1.29] 0.26
strata(t)t=3:Clonel9 0.23 (0.58) 1.26[0.41,3.91] 0.69
strata(t)t=4:Clonel9 -1.56 (0.92) 0.21[0.03,1.26] 0.09
strata(t)t=1:ClonelL11 -1.77 (0.37) 0.17 [0.08,0.36] 2.3E-06
strata(t)t=2:ClonelL11 -1.64 (0.35) 0.19[0.10,0.39] 2.6E-06
strata(t)t=3:ClonelL11 -1.52 (0.61) 0.22[0.07,0.72] 0.01
strata(t)t=4:ClonelL11 -1.03 (0.61) 0.36[0.11,1.17] 0.09

b. Post-hoc contrasts of estimated marginal means between Temperatures for each time period (t)
For time period (t) 1 [0, 14 days]

Contrast Estimate SE 95% ClI z-ratio  p.value
Templd - Temple  -1.59 0.38 (-2.82,-0.36) -4.24 0.001
Templ4 - Templ8  -3.07 0.36 (-4.24,-1.89) -8.50 <.0001
Templ6 - Templ8  -1.47 0.22 (-2.18,-0.76) -6.78 <.0001
For time period (t) 2 [15, 20 days]

Contrast Estimate SE 95% ClI z-ratio  p-value
Templd - Templeé  0.20 0.24 (-0.58,0.98) 0.82 1.000
Templd - Templ8 -0.71 0.36 (-1.89,0.46) -1.98 0.705
Templ6 - Templ8 -0.91 0.38 (-2.16,0.34) -2.38 0.420



For time period (t) 3 [21, 25 days]

Contrast Estimate SE 95% ClI z-ratio  p-value
Templ4d - Templ6é  -0.28 0.42 (-1.64,1.08) -0.67 1.000
Templd - Templ8  -1.12 0.65 (-3.23,0.98) -1.74 0.849
Templ6 - Templ8  -0.85 0.64 (-2.93,1.24) -1.33 0.976

For time period (t) 4 > 25 days

Contrast Estimate SE 95% ClI z-ratio  p-value
Templ4d - Templeé  -0.27 0.40 (-1.56,1.02) -0.69 1.000
Templd - Templ8  0.26 0.50 (-1.37,1.88) 0.51 1.000
Templ6 - Templ8  0.53 0.52 (-1.18,2.23) 1.01 0.998

c. Post-hoc contrasts of estimated marginal means between Clones for each time period (t)
For time period (t) 1 [0, 14 days]

Contrast Estimate SE  95%Cl z-ratio  p-value
Clone 5 - Clone 32 0.28 0.24 (-0.61,1.16) 1.14 1.000
Clone 5 - Clone L9 -0.06 0.24 (-0.94,0.82) -0.25 1.000
Clone 5 - Clone L11 1.75 0.37 (0.42,3.08) 4.78 0.001
Clone 32 - Clone L9 -0.34 0.24 (-1.22,0.55) -1.38 1.000
Clone32-Clone L11 1.47 0.37 (0.13,2.81) 3.98 0.015
CloneL9-Clone L11 1.81 0.38 (0.44,3.17) 4.82 4.E-04

For time period (t) 2 [15, 20 days]

Contrast Estimate SE 95%Cl z-ratio  p-value
Clone 5 - Clone 32 0.23 0.27 (-0.75,1.21) 0.86 1.000
Clone 5 - Clone L9 0.43 0.30 (-0.67,1.53) 1.42 0.999
Clone 5 - Clone L11 1.52 0.35 (0.24,2.79) 4.31 0.004
Clone 32 - Clone L9 0.20 0.30 (-0.91,1.30) 0.65 1.000
Clone32-Clonel11 1.28 0.35 (0.00,2.57) 3.65 0.049
Clone L9-Clone L11  1.09 0.39 (-0.31,2.49) 2.82 0.420

For time period (t) 3 [21, 25 days]

Contrast Estimate SE  95%ClI z-ratio  p-value
Clone 5 - Clone 32 0.38 0.59 (-1.75,2.52) 0.65 1.000
Clone 5 - Clone L9 -0.09 0.58 (-2.20,2.02) -0.15 1.000
Clone 5 - Clone L11 1.39 0.61 (-0.82,3.59) 2.29 0.823
Clone 32 - Clone L9 -0.47 0.53 (-2.40,1.45) -0.89 1.000
Clone 32 - Clone L11 1.00 0.56 (-1.03,3.04) 1.79 0.985
Clone L9-Clone L11 1.47 0.57 (-0.58,3.53) 2.61 0.589

For time period (t) 4 > 25 days

Contrast Estimate SE 95%Cl z-ratio  p-value
Clone 5 - Clone 32 -0.56 0.69 (-3.06,1.94) -0.82 1.000
Clone 5 - Clone L9 1.69 0.90 (-1.59,4.96) 1.87 0.974
Clone 5 - Clone L11 0.87 0.59 (-1.27,3.00) 1.48 0.999
Clone 32 - Clone L9 2.25 0.82 (-0.72,5.22) 2.75 0.473
Clone32-Clonel11 1.43 0.51 (-0.44,3.30) 2.78 0.455

Clone L9 - Clone L11  -0.82 0.68 (-3.30,1.66) -1.20 1.000



