" BioOne COMPLETE

Plasma Biochemistries and Morphometric Indices of
Body Condition in Imperial Cormorant (Phalacrocorax
atriceps) Chicks

Authors: Gallo, Luciana, Quintana, Flavio, Svagelj, Walter S., and
Uhart, Marcela

Source: Waterbirds, 40(2) : 118-128

Published By: The Waterbird Society

URL: https://doi.org/10.1675/063.040.0204

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access titles
in the biological, ecological, and environmental sciences published by nonprofit societies, associations,
museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non - commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher as
copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to
critical research.

Downloaded From: https://bioone.org/journals/Waterbirds on 23 Apr 2024
Terms of Use: https://bioone.org/terms-of-use



Plasma Biochemistries and Morphometric Indices of Body Condition
in Imperial Cormorant (Phalacrocorax atriceps) Chicks
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Abstract.—Plasma biochemistries provide a complementary method for assessing physiological and nutritional
status of free-ranging wild birds. Triglycerides, total protein and alkaline phosphatase were determined in 110
free-living Imperial Cormorant (Phalacrocorax atriceps) chicks aged 16-35 days, at Punta Le6n (Argentina) during
2010 and 2011. Body mass at 30 days of age (“pre-fledging body condition”, 2010 only) and body mass corrected
by tarsus length at the time of blood sampling (“current body condition”, 2011 only) were also determined. Vari-
ability of parameters by sex, hatching order, survival, age and breeding season was assessed, and the relationship
between biochemical and morphometric indices was also explored. Morphometric indices were higher in A-chicks
(pre-fledging body condition also varied with sex), and explained 35-55% of B-chick survival. Biochemistries dif-
fered significantly between breeding seasons, being higher in 2011. Alkaline phosphatase increased with age, and
total protein was higher in A-chicks. Triglycerides and total protein accounted for 26% and 30%, respectively, of
variation in current body condition; however, they did not forecast pre-fledging body condition. Lastly, total protein
levels predicted B-chick survival (higher levels in surviving B-chicks), but their prognostic value was relatively low.
The results suggest that unlike morphometric indices, the biochemistries chosen are valuable to assess individual
body condition at the time of sampling, yet their applicability for predicting chick survival requires further evalua-
tion. Received 22 July 2016, accepted 29 December 2016.

Key words.—body condition, Imperial Cormorant, morphometric indices, Patagonia Argentina, Phalacrocorax
atriceps, plasma biochemistries.
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Morphometric indices of body condition
(e.g., body mass or size-adjusted body mass)
are traditionally used as indicators of nutri-
ent or energy reserves (mainly fat mass) in
birds (Labocha and Hayes 2012), and nu-
merous studies have shown their influence
on fitness components of life-histories, such
as survival (Bowers et al. 2014) and repro-
ductive success (O’Dwyer et al. 2006). Plas-
ma biochemistries provide a complemen-
tary method for assessing the physiological
and nutritional status of free-ranging wild
birds (Dawson and Bortolotti 1997; Jenni-
Eiermann and Jenni 1998; Alonso-Alvarez
et al. 2002). While plasma biochemistries
are regulated within a relatively narrow ho-
meostatic range (Kaneko et al. 2008), they
may also respond to the animal’s immediate
physiological state in minutes (i.e., nutri-
tional or anthropogenic stressors) (Milner

et al. 2003). Significant adjustments in blood
parameters including plasma biochemistries
related to nutritional state accurately reflect
demands from stages in the annual cycle
such as migration and incubation-phase fast-
ing (Navarro et al. 2007).

Triglycerides and total proteins are fre-
quently used to indirectly assess the body
condition of individuals, as they may reflect
changes in body mass and food quality (Jen-
ni-Eiermann and Jenni 1996; Dawson and
Bortolotti 1997; Alonso-Alvarez et al. 2002).
In particular, triglyceride levels are affected
by the qualitative composition of the diet
(Ferrer and Dobado-Berrios 1998) and have
been used as indicators of energy reserves
(Merila and Svensson 1995). Total plasma
protein reveals nutritional and health status
since plasmatic proteins exert various criti-
cal transport, hormonal, enzymatic and im-
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mune functions (Jenni-Eiermann and Jenni
1996; Dawson and Bortolotti 1997). Fasting-
adapted species rely on structural proteins
as energy sources only when fat reserves are
depleted after an acute fasting period (Alon-
so-Alvarez et al. 2002). The enzyme alkaline
phosphatase (ALP) is commonly used as a
suitable marker of development in many al-
tricial bird species because it varies with age
and is related to bone growth (Vinuela et al.
1991; Tilgar et al. 2008). However, ALP can
also vary rapidly in response to food avail-
ability (Viiuela and Ferrer 1997; Villegas et
al. 2002; Amat et al. 2007). Previous studies
found a relationship between ALP blood lev-
els and body condition in birds of prey, as
indicated by mass growth rate and body mass
corrected by body size (Vinuela and Ferrer
1997; Villegas et al. 2002).

The applicability of blood parameters
for assessing condition of free-living birds
requires understanding of their natural driv-
ers of variation (Fair et al. 2007). In chicks,
triglycerides, total protein and ALP activity
have been influenced by individual charac-
teristics such as age, sex and hatching order
(Vinuela et al. 1991; Masello and Quillfeldt
2004; Muriel et al. 2013; Minias and Kacz-
marek 2013). Birds of different sexes are
known to differ not only in their morphol-
ogy, but also in their physiology, mainly due
to differences in sexual hormones (Norte et
al. 2009a; Jerzak et al. 2010). The asymmetry
in size due to hatching asynchrony or sexual
dimorphism may generate differences in
competitive abilities between siblings (Odd-
ie 2000). This might result in resource allo-
cation favoring larger and more dominant
nestlings (Mock and Parker 1997), which
could lead to differences in the condition
of chicks according to hatching order. This
may be reflected in blood parameters associ-
ated with nutritional state, growth rates and
fledgling mass (Platteeuw et al. 1995; Masello
and Quillfeldt 2004; Minias and Kaczmarek
2013). Extrinsic factors like environmental
conditions and anthropogenic disturbances
that may vary between years and sites have
also affected plasma biochemistries in birds
(Seiser et al. 2000; Amat et al. 2007; Acevedo-
Whitehouse and Duffus 2009; Norte et al.

Downloaded From: https://bioone.org/journals/Waterbirds on 23 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

119

2009b). Therefore, biochemical parameters
could be useful bioindicators of individual
condition, parental investment, and the
quality of the environment in which chicks
are reared (Horak et al. 2002; Norte et al.
2008, 2009Db).

The Imperial Cormorant (Phalacrocorax
atriceps) is a colonial seabird widely distrib-
uted along the Patagonian coast in Argen-
tina (Frere et al. 2005). This species shows
sexual dimorphism in size, with males larger
than females (Svagelj and Quintana 2007).
Even though modal clutch size is three eggs,
less than 1% of the breeding pairs gener-
ate broods of three fledglings (Svagelj and
Quintana 2011a, 2011b). Such strong brood
reduction is a direct consequence of hatch-
ing asynchrony (Svagelj 2009). Both parents
play an active role in chick rearing, feeding
them twice daily (one time each) throughout
the breeding cycle (Svagelj and Quintana
2011a, 2011b). These life-history features
are suitable for exploring the variability of
biochemical and morphometric parameters
according to extrinsic and intrinsic factors
in Imperial Cormorant chicks.

Our objectives were to: 1) determine
biochemical parameters related to nutri-
tional status and growth (triglycerides, total
protein and alkaline phosphatase), coupled
with two temporally distinct morphometric
indices of body condition in free-living Im-
perial Cormorant chicks; 2) analyze the vari-
ability of these parameters according to sex,
hatching order, survival, age and breeding
season; and 3) evaluate the utility of select
biochemical parameters in assessing the im-
mediate body condition of Imperial Cormo-
rant chicks, as well as predict their body con-
dition at another stage of their development
(e.g., prior to fledging).

METHODS

Study Area

The study was conducted at a colony of Imperial
Cormorants located in Punta Leén (43° 03’ 51.3" S, 64°
27' 32.4" W), Chubut, Argentina. This colony compris-
es ~3,400 breeding pairs homogeneously distributed
in a flat and elliptical area (~130 m long, 15 m wide)
(Svagelj and Quintana 2011a).
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Data Collection

Fieldwork was conducted from September to De-
cember during two breeding seasons (2010-2011). We
monitored a total of 85 nests (39 and 46 nests for the
2010 and 2011 breeding seasons, respectively). During
the hatching period, all study nests were checked every
1-3 days to mark the tarsus of hatchlings with fiber-tape
bands labeled with their nest number and associated
hatching order. At the beginning of our study, 42% of
monitored nests (n = 85) had three chicks, 41% had
two chicks (first and second hatched chicks) and the re-
maining 17% had only one chick (first hatched chicks).
During chick rearing, we visited nests every 3-5 days to
determine the fate of chicks until it became impossible
to capture them, at an age of ~35 days. Chicks were con-
sidered to have fledged if they reached 30 days of age,
due to the high probability of chick survival to indepen-
dence at that age (Svagelj and Quintana 2011a).

A total of 110 blood samples (< 1 ml; 2010: » = 50,
2011: n = 60) were taken from the jugular vein of Impe-
rial Cormorant chicks (first (A-chicks): n =84 (2010: n
=38, 2011: n = 46) and second hatched (B-chicks): n =
26 (2010: n=12, 2011: n=14)) at 16-35 (mean 25 + 3)
days of age using 1 to 3 cc heparinized syringes and 25 G
x l-inch needles. Blood sampling was performed in the
morning, prior to the return of females from their first
foraging excursion (see Harris et al. 2013), which im-
plied a minimum of about 4-6 hr of fasting. At the time
of blood collection, 31% (n = 85) of monitored nests
had two chicks (A- and B-chicks), and the remaining
nests had only one chick (A-chicks). The mortality of B-
and C-chicks soon after birth was 41% (n = 77), mainly
due to brood reduction (Svagelj and Quintana 2011a,
2011b). Additionally, 10 B-chicks (2010: n = 5, 2011: n
=5) that were sampled died at ~35 days of age (mean
time interval between sampling and death: n = 5 days).
A-chicks from these broods were sampled prior to the
death of their siblings, and A- and B-chicks from the
same nest were sampled at the same age to assess varia-
tion with hatching order and avoid age-related differ-
ences. During 2010, we also recorded chick body mass
each time the nest was inspected (3-5 days, prior to food
intake) until it became impossible to capture them (~35
days of age). This was performed using spring scales
(Pesola) according to chick weight to estimate a mor-
phometric index of “pre-fledging body condition”. In
2011, a single measure of body mass and tarsus length
was recorded at the time of blood sampling, coinciding
with the linear growth phase (Svagelj 2009). This was
to determine a morphometric index of “current body
condition”, with the aim of minimizing disturbance in
the colony.

Laboratory Analysis

Blood samples were stored in plain vacuum tubes
(Benton-Dickinson) and kept cool on ice until process-
ing, within 4-6 hr post-collection. In addition, three or
four drops of blood were placed on a small (50 x 20
mm) piece of filter paper (Whatman, GE Healthcare
Argentina S.A.), air-dried and then stored separately for
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molecular sexing. Blood samples were centrifuged in a
portable 12-volt centrifuge at 1,000 XG for 20 min (Mo-
bilespin, Vulcan Technologies). Plasma was removed
and stored at -80 °C until blood chemistry analysis for
triglycerides, total protein and ALP were performed on
a wet automated analyzer (Hitachi Model 902 Automat-
ic Analyzer, Hitachi Science Systems) at a commercial
veterinary laboratory. Chicks (female: n = 56, male: n =
53) were sexed by the DNA-based technique described
by Quintana et al. (2008). Only one chick was not sexed
due to poor sample quality.

Statistical Analysis

All body-mass measurements (n = 4-12 measure-
ments per individual; mean = 9) were fitted to the Rich-
ards growth function (Tjgrve and Tjgrve 2010) using
non-linear mixed models (Pinheiro and Bates 2000),
considering the lack of independence between repeat-
ed measures. In this way, we estimated the body mass at
30 days of age for all chicks, and we considered it as a
morphometric index of “pre-fledging body condition”.
For chicks sampled in 2011, we calculated the residuals
of the regression between body mass and tarsus length
(O’Dwyer et al. 2006; Minias et al. 2013) at the time of
blood sampling (corrected by the age of chicks), and
considered it as a morphometric index of “current body
condition”.

To examine possible sources of variation in plasma
biochemistries and morphometric body condition in-
dices, we employed linear mixed models, considering
the non-independence between siblings (Pinheiro and
Bates 2000). Models included biochemical parameters
and morphometric indices as response variables (five
models), sex and hatching order as fixed factors, and
brood identity (“nest”) as the random effect. Also, for
models with biochemical parameters as response vari-
able, we included the breeding season (2010-2011) and
age of chicks at sampling (mean = 25 + 3 days) as covari-
ates.

In this study, most B- and all C-chicks died soon af-
ter birth due to brood reduction and were not sampled.
Therefore, to explore the effect of selected parameters
on chick survival, we considered the subset of sam-
pled B-chicks and tested for the differences between
B-chicks that did and did not survive. We employed
logistic regression (Crawley 2007) with “survival prob-
ability” (0/1) as a response variable, and biochemical
parameters and morphometric body condition indices
as explanatory variables (one model for each to avoid
multicollinearity). For plasma biochemistries, we fitted
models considering data from the two breeding seasons
because survival of B-chicks did not differ significantly
between years (x3 = 0.55, P=0.46).

To investigate the relationship between selected
plasma biochemistries and morphometric body condi-
tion indices in Imperial Cormorant chicks, we applied
linear mixed models, considering the non-indepen-
dence of chicks from the same brood. The models
included morphometric indices as response variables
(one model for each), plasma biochemistries as fixed
effects, and sex and hatching order as covariates as



CORMORANT CHICK BIOCHEMISTRIES

appropriate. Due to correlations between plasma bio-
chemistries (triglycerides-total protein: r = 0.44, P <
0.001; total protein-ALP: r = 0.43, P< 0.001; ALP-triglyc-
erides: r = 0.10, P= 0.51), separate models were run to
avoid multicollinearity (six models in total).

We evaluated the significance of random effects
(“brood”) in all models with a likelihood-ratio test
(LRT; Pinheiro and Bates 2000). Because only 31% (n
= 85) of nests had two chicks, in those models where
the term was not significant we analyzed significance of
fixed effects using linear models (LM; Crawley 2007).
We employed a backward selection procedure, remov-
ing non-significant terms from the model, one by one,
in decreasing order of Pvalue (Crawley 2007). For all
statistical analyses, we used the NLME package from the
statistical software R (R Development Core Team 2013).
Statistical significance was established at P < 0.05.

REsuLTS

Biochemical Parameters and Morphometric
Indices

Descriptive statistics for biochemical pa-
rameters are presented in Table 1. The breed-
ing season was the factor that best explained
the variability of plasma biochemistries, with
particularly higher levels in 2011 (Table 2).
None of the biochemistries varied according
to sex (Table 2). Total protein levels were
significantly higher in A-chicks (hatching or-
der explained 3.4% of the variation in total
protein), while none of the other biochemi-
cal parameters differed with hatching order
(Table 2). ALP activity increased somewhat
with age (r?=0.068; Fig. 1), yet the other two
biochemical parameters did not vary with
the age of chicks (Table 2).

Estimated body mass at 30 days old (pre-
fledging body condition) ranged from 1,052
to 1,996 g (mean = 1,565, SD = 241; n = 47),
and was significantly higher in male and A-
chicks (Table 3). Sex and hatching order
explained 40.3% of variation in the pre-

121

fledging body condition. Body mass adjusted
for tarsus length at the time of blood sam-
pling (current body condition) ranged from
-575.7 to 310.3 g (mean = -2.4, SD = 154; n
= 59), with negative values reflecting lower
body mass than expected for tarsus length.
This parameter also varied with hatching or-
der, with A-chicks significantly higher than
B-chicks, but did not differ between sexes
(Table 3).

Considering the subset of sampled B-
chicks, there were no significant differ-
ences in ALP activity and triglyceride levels
between surviving and non-surviving chicks
(Table 4). However, total protein and both
morphometric body condition indices were
significantly higher in surviving B-chicks (Ta-
ble 4). Models including total protein levels,
current body condition, and pre-fledging
body condition explained 14.7%, 34.8%
and 54.9% of the variation, respectively, of
B-chick survival.

Relationship Between Biochemistries and
Morphometric Indices

Biochemical parameters showed no sig-
nificant relationship with the estimated
pre-fledging body condition (Table 5). How-
ever, triglycerides and total protein levels
explained 26.1% and 29.7% of the variance,
respectively, of the current body condition
(Table 5; Fig. 2). ALP activity was not a good
indicator of current body condition, result-
ing in no significant relationship between
the two parameters (Table 5).

Discussion

This study provides information about
sources of variation of selected plasma bio-

Table 1. Plasma biochemistries of free-living Imperial Cormorant chicks from Punta Le6on, Argentina, over two
breeding seasons (2010-2011). Assumption of normality was not met for biochemical parameters (Shapiro-Wilks

test P< 0.05).

2.5 97.5
Parameter Mean Median SD Percentile Percentile Range n
Total protein (mg/dl) 2.8 2.9 0.4 1.9 3.4 1.6-3.6 110
Triglycerides (mg/dl) 138.0 129.0 68.9 36.0 329.0 31-377 109
Alkaline phosphatase (IU/1) 1,846.8 1,753.5 817.5 650.0 3,757.0 560-4,235 110
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Figure 1. Age-related variation in plasma levels of alka-
line phosphatase activity (ALP) in Imperial Cormorant
chicks. The regression lines (solid) and 95% confidence
intervals (dotted line) are shown.

chemistries in Imperial Cormorant chicks
from one of the largest colonies in Pata-
gonia, Argentina. It also offers insights on
the utility of physiological parameters as
supplementary indicators and predictors of
body condition and survival in this species.
As expected, morphometric body condition
indices varied according to hatching order
(pre-fledging body condition also with sex),
and were significantly lower in B-chicks (sec-
ond hatched) that did not survive to fledg-
ing (compared with surviving B-chicks),
confirming their applicability as indicators
of individual body condition and predictors
of chick survival. Likewise, biochemical pa-
rameters also varied with individual traits,
yet much more subtly. Significant differ-
ences found between breeding seasons, age
and hatching order explained a significant,
but low proportion (< 10%) of the variation
in ALP and total protein, respectively (total
protein higher in A-chicks). All biochemical
parameters were lower in non-surviving B-
chicks (compared with surviving B-chicks),
although these differences were significant
only for total protein. Notwithstanding, the
biochemical parameters assessed showed in-
consistent applicability as indicators of body
condition in Imperial Cormorant chicks.
While triglycerides and total protein ex-
plained as much as 26% and 30%, respec-
tively, of variation in current body condition
(at the time of blood sampling), they did not
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predict body condition at another moment
(i.e., prior to fledging).

We found marked inter-annual variation
in all biochemical parameters analyzed in
Imperial Cormorant chicks. Although previ-
ous studies in the same colony showed that
foraging behavior and feeding locations of
breeding Imperial Cormorants are highly
consistent within and between breeding
seasons (Quintana et al. 2011; Harris et al.
2014), part of the inter-annual variability in
chick chemistries may be explained by dif-
ferential nutrient profiles of prey consumed
by parents (see also Gonzdlez Miri and Mala-
calza 1999). Also contrary to our expecta-
tions, the breeding season that showed the
highest mean values for plasma biochemis-
tries (2011) coincided with that of lower pro-
ductivity of the colony in terms of number of
chicks fledged (based on average estimates
over a period of 9 years; W. S. Svagelj and F.
Quintana, unpubl. data). It is possible that
repeated handling of chicks for morphomet-
ric measurements in 2010 may have affected
their overall condition yet not to the extent
of impacting survival or fledging. In 2011,
handling of chicks was reduced to a single
event, translating into a more robust indi-
vidual physical condition, but insufficient
for compensating for other unknown factors
leading to colony-level lower fledging suc-
cess. In absence of evidence for physiologi-
cal causes of lower survivability in 2011, the
use of an estimated morphometric index of
body condition built from a single handling
event seems to result in improved biochemi-
cal parameters of individuals. Nevertheless,
because the survival of chicks in poor physi-
cal condition is generally low in bad breed-
ing seasons with low food availability (Wil-
liams and Croxall 1990; Kato et al. 2001),
parental favoritism toward a single chick
in good condition could represent a strat-
egy to ensure offspring in bad years (Kato
et al. 2001). Thus, it seems possible that
during the 2011 breeding season Imperial
Cormorants would have made adjustments
in parental investment to guarantee the in-
dependence of at least one chick in as good
physiological condition as possible. Our data
indicate that in 2011 body condition at the
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time of sampling in single A-chicks (mean =
44.8, SD = 129.6) tended to be higher than
body condition of A-chicks from two-chick
broods (mean = 10.7, SD = 84.8), although
the difference was not significant (/= 0.89, P
= 0.35). To further ascertain this hypothesis,
future studies should include a larger num-
ber of two-chick nests and consider the “time
with sibling” as a covariate in the analysis.

Regarding individual characteristics of
chicks, age and hatching order showed a
weak relationship with ALP and total pro-
tein levels, respectively (explained < 10% of
the variation), whereas triglycerides did not
differ with any of the intrinsic factors evalu-
ated. ALP activity is considered a suitable
marker for skeletal development in many al-
tricial bird species as it increases during the
growth stage (Vinuela et al. 1991; Tilgar et al.
2008). The small proportion of ALP variabil-
ity explained by chick age in our study may
be due to the narrow range in chick ages
(16 to 35 days) in our sample, which also
coincided with their highest growth period
(Svagelj 2009). It may also be the result of
opposite direction ALP variations caused by
nutritional stress in deteriorating B-chicks as
described below (Vinuela et al. 1991; Vinuela
and Ferrer 1997).

The weak or nonexistent association of
hatching order with total protein and triglyc-
erides, respectively, is harder to understand
unless fasting-related compensation mecha-
nisms are considered (Alonso-Alvarez and
Ferrer 2001). These biochemistries are affect-
ed by the qualitative and quantitative com-
position of the diet (Boismenu et al. 1992;
Jenni-Eiermann and Jenni 1996; Alonso-Alva-
rez and Ferrer 2001). Therefore, differences
according to hatching order and survival are
anticipated, particularly in species like the Im-
perial Cormorant with brood reduction. How-
ever, in our study, hatching order explained
a significant, but low percentage (3.4%) of
the variation in total protein of chicks. This
is likely due to underfed B-chicks using food
protein as an energy source to avoid rapid
depletion of limited fat reserves (Alonso-Alva-
rez and Ferrer 2001). In fact, sampled chicks
that did not survive to independence were all
B-chicks (most B- and all C-chicks died soon
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Table 3. Morphometric body condition indices of Imperial Cormorant chicks according to sex and hatching order.
Nest identity (random factor) explained 40% and 17% of the total variation of pre-fledging body condition and
current body condition, respectively, and in all cases was not significant (P> 0.05). F-tests were used to assess the

significance of the fixed factors included in the models.

Pre-fledging Body Condition (g)

Current Body Condition (g)

Fixed Factors Mean + SD F Pvalue Mean + SD F Pvalue
Hatching order
A-chicks 1,640.0 + 187.6 F,,=27.77 <0.001 329 +116.2 F,=13.33 <0.001
B-chicks 1,317.4 £ 236.9 -127.4 + 205.7
Sex
Female 1,528.4 + 200.7 F =549 0.02 -3.6 £ 155.5 F,,=0.08 0.78
Male 1,605.5 + 278.9 -1.1 £ 155.2

after birth and were not sampled), and had
significantly lower total protein yet only some-
what inferior triglyceride levels than survivor
B-chicks. This matches what was seen by Alon-
so-Alvarez and Ferrer (2001) in Yellow-legged
Gulls (Larus cachinnans) subject to experi-
mental food restriction. Nonetheless, in our
study the predictive power of total protein
was relatively poor (i.e., it explained < 15% of
B-chick survival). This most likely reflects that
we sampled B-chicks before they had reached
sufficiently advanced physical deterioration
(i.e., death by starvation) (Jenni Eiermann
and Jenni 1997; Alonso-Alvarez et al. 2002,
2003; Milner et al. 2003). Notwithstanding,
we also found that ALP activity tended to be
lower in non-surviving vs. survivor B-chicks,
something that was likewise seen in fasting
Yellow-legged Gulls in the studies described
above (Alonso-Alvarez and Ferrer 2001).
While chosen biochemical parameters
reflected the state of chicks at the time of

sampling relatively well, they largely failed
to suggest the most possible fate of individu-
als. Our results imply that either the time of
sampling of B-chicks (not near enough ter-
minal life-stages) or our small sample size
impaired our capacity to identify differences
in biochemical parameters of sufficient mag-
nitude to ascertain their potential as pre-
dictors of survival to fledging (Nadolski et
al. 2006). Assessing other parameters more
closely linked to muscle catabolism and star-
vation (i.e., ketones, uric acid) would have
had a higher prognostic value than the ones
chosen in our study (Alonso-Alvarez and Fer-
rer 2001). While body mass steadily declines
with food restriction and fasting, changes
in biochemical parameters are masked by
compensatory mechanisms until they reach
a critical state (Alonso-Alvarez and Ferrer
2001). Further investigation, including a
larger number of chicks in various stages of
deteriorating condition and a broader set of

Table 4. Morphometric body condition indices and plasma biochemistries of Imperial Cormorant B-chicks (second
hatched) according to survival. Pre-fledging body condition = estimated body mass at 30 days old. Current body
condition = body mass corrected by tarsus length at the time of blood sampling.

Surviving

Non-surviving

Parameter (units) Mean + SD

Pre-fledging body condition (g) 1,467.2 + 212.0

Current body condition (g) -49.5 + 156.0
Triglycerides (mg/dl) 148.3 £ 97.1
Total protein (mg/dl) 2.8+0.3

Alkaline phosphatase (IU/1) 2,021.1 £ 895.3

Mean + SD Significance
1,137.6 + 100.5 %3 =5.58
P=0.02
-302.8 £ 212.5 X3 =8.33
P=0.004
116.3 = 74.7 %2 =0.80
P=0.37
25+0.3 X3 = 4.66
P=0.03
1,790.2 +913.3 x3=0.41
P=0.52
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Table 5. Relationship between biochemical parameters and morphometric body condition indices of Imperial Cor-
morant chicks. Hatching order was included as covariate in all models, and sex only in those with pre-fledging body
condition as response variable. Pre-fledging body condition = estimated body mass at 30 days old. Current body
condition = body mass corrected by tarsus length at the time of blood sampling. Nest identity (random factor)
explained 15% and 54% of the total variation of pre-fledging body condition and current body condition, respec-
tively, and in all cases was not significant (P> 0.05). F-tests were used to assess the significance of the fixed factors

included in the models.

Pre-fledging Body Condition

Current Body Condition

Estimate + SE F P Estimate + SE r P
Triglycerides 0.34 + 0.50 FL43 =0.44 0.51 0.65 + 0.24 F ;=689 0.011
Total protein 4.15 + 6.67 Fl“ =0.39 0.54 235.54 + 74.22 F1,35 =10.07 0.002
Alkaline phosphatase -0.01 £ 0.05 FL43 =0.04 0.83 -6.59% + 2, 5302 Fm6 =0.07 0.80

plasma biochemistries, is required to con-
firm the reliability of the latter to forecast
Imperial Cormorant chick survival.

On the other hand, body condition in-
dices performed extremely well, both as
indicators of current status as well as in
predicting survival to fledging. A high and
significant percentage (19-33%) of the varia-
tion in morphometric indices of body condi-
tion was explained by hatching order. More-
over, body condition was significantly lower
in B-chicks that did not survive to indepen-
dence compared to surviving B-chicks (mod-
els including morphometric indices ex-
plained 35-55% of chick survival outcome).
Morphometric parameters have been shown
to be correlated with post-fledging survival
of chicks, as well as recruitment probabil-
ity, in a wide variety of species (Bowers et al.
2014). Our results confirm their usefulness
in assessing individual body condition and

450

predicting chick survival in Imperial Cormo-
rants. Furthermore, our results are consis-
tent with Svagelj (2009), who indicated that
hatching asynchrony generates asymmetry in
body size and motor skills between siblings,
favoring first hatched chicks (A-chicks),
and thus determining Imperial Cormorant
chick survival. Similarly, only pre-fledging
body condition (estimated by body mass at
30 days old) varied according to sex (males
heavier). This result coincides with previ-
ous findings concerning sexual dimorphism
in body mass of Imperial Cormorant chicks
that occurs after 15 days of age and peaks at
20 days (Svagelj 2009).

Overall, the plasma biochemistries as-
sessed in our study showed inconsistent ap-
plicability as indicators of body condition in
Imperial Cormorant chicks. Triglycerides and
total protein accurately reflected chick body
condition at the time of sampling, explaining
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Figure 2. Relationship between biochemical parameters and current body condition of Imperial Cormorant chicks.
This was measured by body mass adjusted for the tarsus length at the time of blood sampling. Triglycerides (A) and
total protein (B) reflected 26% and 30% of variation in current body condition, respectively.
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26% and 30% of variation, respectively, but
did not foretell the condition of individuals
at another moment (i.e., prior to fledging).
Only total protein signaled B-chicks that
would not survive. This is most likely linked to
the capacity of food-deprived chicks to com-
pensate their failing health until near death
as detailed above, and our lack of terminal
stage B-chick samples to assess this more
thoroughly. On the other hand, it is also
likely that the parameters chosen were inca-
pable of detecting changes associated with
catabolism and emaciation. The insufficient
clarity on which biochemical parameters are
the best indicators (higher predictive value)
of body condition in chicks suggests that not
all parameters are relevant to all species or
contexts (Villegas et al. 2002; Minias and Kac-
zmarek 2013). Thus, appropriate validation
in the study species is a necessary step before
they may be applied in ecological studies.
Further studies would benefit from selecting
a broader scope of parameters as well as con-
sidering a multivariate approach to condense
the information of biochemical parameters
into a scalar variable.
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