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After being fed by their parents, Greater Flamingo chicks store food in their crops, which
protrude outwards. We allocated the crop profiles of chicks to four categories to assess
the relationship between body mass and crop profile variation, and so determine whether
crop size can be used as an accurate index of the amount of food ingested, and to deter-
mine the timing and frequency of provisioning. We registered changes in body mass and
crop fullness in eight chicks captured with turgid crops and kept in captivity until con-
stant mass was achieved. The meal mass ingested by the chicks during each parental
feeding was around 18% of net chick mass and varied greatly with crop profile. Mean
transition times between the four crop profile categories ranged from 6 to 14 h. Between

1998 and 2009, 34% of chicks caught for ringing in a breeding colony had empty crops.
From crop profiles recorded during the handling of chicks, it was estimated that approxi-
mately one-third of the chicks were fed in the evening and another third during the
night. Our results have implications for the estimation of body condition indexes because
body mass should be free of the influence of the mass of the food in the crop.

Keywords: body condition, digestion rate, feeding frequency, meal size, mixed models.

The study of chick provisioning strategies in birds
is central to understanding the balance between
the energy that adults allocate to self maintenance
vs. that allocated to reproduction (Drent & Daan
1980). Several methods have been proposed to
evaluate chick provisioning patterns in colonial
birds, e.g. counting of adults visiting the colony
(Ojowski et al. 2001, Barlow & Croxall 2002),
estimation of the number of chicks that are fed
and the quantity of food received by chicks during
the rearing period (Ricklefs etal. 1985, Bolton
1995, Phillips & Hamer 2000). These methodolo-
gies have been used in species in which the same
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individuals may be recaptured during the period of
parental dependence and in which the manipula-
tions have no negative impact on breeding success.
However, the possibility of resampling the same
individuals may be limited in many species because
of the difficulty of recapturing individual chicks,
the stress produced from handling chicks, or the
disturbance that the captures may have on breed-
ing success.

Thus, when there is no possibility of capturing
chicks, the quantity of food received may be esti-
mated by counting and identifying their food items
(Dawson & Bortolotti 2002). Often this is not fea-
sible because the composition of the diet may not
be differentiated in terms of discreet items (e.g.
secretions or food partially digested by adults).
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In such instances, the usual approach has been to
record the time that adults allocate to chick provi-
sioning, either quantitatively (Cézilly et al. 1994)
or semi-quantitatively (Lecomte et al. 2006). VYet,
in some cases the particular behaviour of the spe-
cies or difficulty in accessing breeding sites may
limit the recording of the duration of feeding. It
then becomes necessary to rely on indirect mea-
sures to estimate the quantity of food ingested by
chicks. Crop size is one such indirect measure of
the amount of food consumed by chicks (Collopy
1986, Westmoreland & Best 1987, Blockstein
1989) and by adults (Houston & Houston 1976,
Comeau & Keppie 1988, Smith 1990, 1991).

Obtaining information on chick provisioning
patterns in the colonial Greater Flamingo Phoenic-
opterus roseus is not straightforward because of
adult behaviour and the difficulty of recapturing
individual chicks. Flamingos feed their chicks with
a secretion that adults produce in glands located
in the upper digestive tract (Lang 1963, Ziswiler
& Farner 1972). After being fed by their parents,
Greater Flamingo chicks store this food in their
crops, which protrude outwards (Ziswiler & Farner
1972), after which the food is gradually digested
(Johnson & Cézilly 2007). Furthermore, the adults
commute between feeding and breeding sites at
night (Rend6n-Martos etal. 2000, Amat et al.
2005), which may complicate the estimation of
the number of adults that arrive at the breeding
site to feed their chicks. Moreover, the crowding
of chicks in créches and their great mobility do
not easily allow for the recapture of individual
birds to determine whether they have been fed.
Nevertheless, variation in the crop size of chicks is
evident (Fig. 1) and may provide a means of quan-
titatively evaluating how recently a chick has been
fed.

Chick provisioning patterns of Greater Flamin-
gos under field conditions are little known. The
food ingestion rate has been estimated in captivity
as 300-500 g/day (Batty et al. 2006), representing
about 20% of chick body mass. This extra mass
may affect estimations of body condition (Amat
et al. 2007), so reliable ways to estimate the quan-
tity of food inside a crop are necessary (Comeau &
Keppie 1988). In addition, the digestion rate of
food in the crop of Flamingo chicks is not known,
nor are the factors that may affect it. In other spe-
cies it has been shown that food assimilation rates
are affected by a chick’s age, its net body mass and
the quantity of food ingested (e.g. Bolton 1995,
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Figure 1. Pictures of Greater Flamingo chicks in which the dif-
ferences in crop size between individuals are apparent.

Hamer et al. 1998, Granadeiro et al. 1999). Know-
ing the time required to assimilate the food stored
in the crop may provide information on the time
that a chick was last fed, which is necessary to esti-
mate provisioning rates.

Here we seek to establish whether crop size
may be used as an index of chick provisioning. We
analysed variation in body mass of free-ranging
Greater Flamingo chicks after being fed by their
parents, as well as the relationship between the
mass of food received by a chick and its crop size.
In addition, we determined absorption rates of
food in the crop in relation to food quantity and
chick size. Finally, we assessed daily and annual
variation in crop size frequencies to estimate both
the effect of crop size on estimation of a chick’s
body condition and inter-annual variation in chick
provisioning rates.






METHODS

Data recording

Fieldwork was conducted at Fuente de Piedra Lake in southern Spain (36°06¢N, 4°45(W). Since 1986, about
10% of the Greater Flamingo chicks in the creche have been marked with rings bearing indi- vidual codes each
time the Flamingos bred. Body measurements (lengths of tarsus, wing and bill and body mass) were also
recorded from each ringed chick. From 1998 we also recorded the crop size of chicks, allocating it to four
categories: (0) crop pro- file was slightly concave (i.e. empty), (1) crop pro- file slightly convex (trace), (2)
crop profile convex (Y2—3%4 full) and (3) crop turgid (> 34 full) (Renddn et al. 2009). Crop size scores were
rated annually by six observers, who differed between years.

To estimate the level of agreement in the alloca- tion of crop profile scores by different observers, we
collected data from three colonies in southern Spain (Odiel Salt Pans, Marismas del Guadalquivir and Fuente
de Piedra Lake). At each colony the crop size of 30 randomly selected chicks was scored
independently by four observers. All observers usually carry out crop size assessments during chick ringing.
Observers differed among colonies. The inter-observer agreement for crop profile scores was evaluated using the
kappa coeffi- cient (Conger 1980). This statistic measures the agreement among multiple observers, taking into
account the level of agreement that can occur by chance. We used both unweighted (Cohen’s kappa, j) and
weighted  (Light’s kappa, Jw) agreement tests to evaluate nominal and ordinal agreement, respectively.
Nominal rating treats any disagree- ment among crop size scores as a total disagree- ment, whereas
ordinal rating takes into consideration the magnitude of disagreements of crop size differences
depending on the ordinal value reported by each observer, and thus aweighted kappa statistic is computed.
For ordinal rating, weights were squared differences between scores. Values of kappa between 0 and 0.20 indi-
cate slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 sub- stantial agreement and 0.81-1.0 almost perfect agreement
(Landis & Koch 1977). Two-sided confi- dence intervals (95%) of kappa coefficients were obtained by 1000
bootstrap pseudoreplications. Kappa statistics were carried out using the r pack- age psy (Falissard 2009).



We selected eight chicks with turgid crops among those ringed in 1999. Immediately after ringing,
these chicks were held in an enclosure located 250 m from the breeding site, and approxi- mately every 3 h
(mean = 3.3 h £ 0.3 sd, range =
2.7-3.9 h) we recorded their body mass with the same equipment used for the other ringed chicks (Pesola
dynamometer to the nearest 50 g). We started the recording of body mass between 05:30 and 06:30 h
(GMT). Each time the chicks were weighed, their crop size was also recorded. The category of crop size
assigned to each chick was the most frequent score allocated independently by three observers. Once there
were no differences in both the body masses and crop size of chicks between two successive recordings, the
chicks were released after supplying them with water and avitamin supplement.

Variation in body mass and crop size of chicks in captivity

For the eight chicks captured with turgid crops we estimated the mass of the food received by each chick
as the differences in body mass between the first and last recording for that individual. The val- ues of food
mass were square root-transformed to normalize them. A mixed linear model (Pinheiro

& Bates 2000) was used to test the effect of crop size on food mass. Chick identity was fitted as arandom
factor in this model.

We also used mixed effects models to assess the effects of tarsus length, final body mass of chicks, food
mass and the interactions of these variables with time from capture on variation in crop size; chick
identity was fitted as a random factor. Ordi- nal multinomial regression was used to analyse variation in crop
size categories (McCullagh 1980, Agresti 1996, Vermunt & Hagenaars 2004). Unlike conventional
logistic models in which the dependent variable is a dichotomy, ordinal models are applied to J responses
measured on an ordinal scale, and these models make use of cumulative logits. The model produces J -1
probability func- tions with different independent terms and a com- mon slope. To determine the factors
related to variation in crop size, we started with a model that included all explanatory variables and
succes- sively eliminated those that were not significant, starting with the interaction terms. We present
only the results of the significant effects. To con- duct the ordinal multinomial logistic models we
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used GLIMMIX in sas 9.1.3 (SAS Institute Inc.
2006).

Spearman’s rank correlation coefficient was used
to assess associations among variables. We tested for
significant differences between the times elapsed
from capture to estimation of both body mass and
crop size stabilization, using Wilcoxon matched-
pairs signed-rank test. Since the sample size was
small (n = 8), exact probabilities were utilized in
both tests (StatXacT, Cytel Inc. 2005).

Annual variation in body mass and crop
size

Annual variation in crop size categories recorded
from 1998 to 2009 was analysed using the likeli-
hood ratio test. Mean annual body condition of
chicks ringed in 1998-2009 (n = 7581) was esti-
mated from the residuals of a regression model of
body mass on tarsus length. First, using a second-
order polynomial regression we assessed whether
the relationship between body mass of chicks and
tarsus length was non-linear. The quadratic term
was not significant when applied on the whole
dataset (t; = 0.79, P = 0.428). When the data for
each year were analysed separately, the quadratic
term was significant in only 4 of the 10 years.
Therefore, we used a linear model to control for
the effect of chick size on body mass. We also used

an analysis of covariance to assess the effect of crop
size on the body mass of chicks (Garcia-Berthou
2001), in which we included tarsus length as a co-
variate. Previously, we assessed whether the inter-
action tarsus length - crop size was significant,
which would indicate that for the same crop pro-
file category the mass of the food would vary with
chick size. Once the significant effects in the
model were determined, we calculated the residu-
als of body mass for every individual after control-
ling for the effects of tarsus length and crop size.
Using Student’s paired t-test we compared the
residuals of a model that included only tarsus
length with those of another model that included
tarsus length and crop size. The relationship
between the annual percentages of crop size cate-
gories and mean annual values of body condition
indexes (mass residuals) after controlling for crop
size was estimated using Pearson correlations,
weighting each observation by sample size (Neter
et al. 1996), with the aim of avoiding the problem
that the calculation of the coefficients could be
affected by data precision.



To assess daily variation in the frequencies of
crop categories within a season, we used the likeli-
hood ratio test (G?). For this, in 2003 we recorded
in the early morning the crop profiles of individu-
ally marked chicks during a period of five consecu-
tive days (from 3 to 7 August 2003). We chose
this period to avoid repeated sampling of chicks
fed by the same adult, as individual adults visit the
breeding site every 6 days on average to feed their
chicks (see Discussion). Unless otherwise stated,
means are given + 1 sd.

RESULTS

Inter-observer agreement for crop
scores

Results show that unweighted test values for differ-
ent colonies suggest moderate agreement when
assessing crop size among different observers: Odiel
Salt Pans: 40% of exact agreement between cases,
Jj = 0558 (Cl 95% = 0.416-0.648); Marismas del
Guadalquivir:  30%, j = 0.487 (0.355-0.603);
Fuente de Piedra Lake: 30%, j = 0.516 (0.371-
0.632). However, when the size of the disagree-
ment was taken into account, the weighted Kappa
values suggest that agreement among different

observers was higher: Odiel Salt Pans: jw = 0.815
(Cl 95% = 0.706-0.882); Marismas del Guadalqui-
vir: jw = 0.838 (0.777-0.879); Fuente de Piedra
Lake: jw = 0.865 (0.760-0.908). This improve-
ment in the inter-observer agreement when we use
Jw was because the inter-observer scores never var-
ied by more than one category.

Variation in massand crop size in
captive chicks

The mean value of the absolute body mass loss of
chicks during the fasting period (i.e. the mass of
the food) was 393 + 90 g (range 250-550 g;
Table 1), representing 18 + 6% (range 15-29%) of
the final body mass of chicks. Absolute and relative
individual variation in the mass of individual feeds
was not related to tarsus length (Spearman’s corre-
lations: n=38; r, =)0.15, P=0.724; r; = )0.33,
P = 0.419, respectively) or to the final body mass
of chicks (n = 8; r, = )0.20, P = 0.610; rs = )0.69,
P = 0.067, respectively).

The mean time elapsed from the first recording
until constant body mass (final body mass) was not
different from the time elapsed until the crop was



Table 1. Body measurements of Greater Flamingo chicks
captured with their crops full and maintained in captivity. The
following values are shown: tarsus length, body mass at both
capture (M;) and release times (M), absolute and proportional
values of body mass loss during the experiment relative to the
final body mass (DM), and time elapsed from capture to
both body mass stabilization (no differences between two
consecutive recordings) (TM,) and when the crops were empty
(TCy).

Tarsus M; M¢ DM ™™, TCo
Individual  (cm) @) ©) @@ G O

0[JFB 18.9 2200 1900 300 (16) 17 11
OINPL 21.0 2800 2400 400 (17) 16 16
O[NSA 21.6 2250 1850 400 (22) 20 17
0|PCD 25.8 3000 2750 250 (9) 11 11
O|PCF 21.0 3000 2600 400 (15) 7 11
0[PZN 20.5 2450 1900 550 (29) 14 14
O|RCP 25.0 3150 2700 450 (17) 16 20
O[RIL 22.7 2850 2450 400 (16) 19 22
Mean 22.0 2656 2300 393 (18) 15 15
sd 2.0 341 379 90 4 4

Table 2. Ordinal logistic mixed model estimates, standard error
(se) and significance for the variation of crop sizes in Greater
Flamingo chicks captured with their crops full as a function of
time. Chick identity was included as a random factor.

Factor Coefficients se t P

Constant 0 )11.02 2.33 )4.73 0.002
Constant 1 )7.17 1.79 )4.02 0.005
Constant 2 )4.31 1.46 )2.96 0.021
Time 0.77 0.15 5.15 <0.001

empty (15 = 4 h; Wilcoxon matched pair test:
P =0.813; Table 2 and Fig. 2). Feed mass varied
with crop profile category (r?=0.78, Fssp1 =
37.2, P<0.001). The mean mass (least square
means) of food stored for each crop profile cate-
gory was 2.4 g (95% CI = 2.1-20.7) for crop pro-
file 0, 34.0 g (10.2-71.5) for crop profile 1, 99.8 ¢
(48.9-168.7) for crop profile 2 and 2929 g
(221.7-378.0) for crop profile 3.

The temporal variation in crop size depended on
the time elapsed since the chicks were captured but
did not depend on tarsus length, final body mass of
chicks, feed mass or the interactions of these vari-
ables with time (Table 2). An ordinal logistic model
of crop profile categories as a function of time indi-
cates that for individuals captured with turgid
crops, the allocation of crop to profile category 3 is
more likely during the first 6 h, to profile category
2 between 6 and 9 h, to profile category 1 between
13 and 14 h and to profile category 0 from 13 to

14 h after the capture (Fig. 3). Thus, it took 13-
14 h for chicks to empty their crops.

Inter-annual variation in crop size

During 1998-2009, on average 33.7 * 6.2% (range
23.8-41.5%) of chicks had empty crops,
34.7 + 49% (31.0-42.5%) had crops allocated to
profile category 1, 18.2 + 3.3% (15.5-25.4%) had
crops assigned to profile category 2 and
134 + 4.3% (8.3-21.8%) had crops allocated to
profile category 3 (Fig. 4). There was significant
inter-annual variation in crop profile categories
(G3, ¥a267:6, P < 0.001). However, there was no
significant variation in crop profile categories dur-
ing five consecutive days in a single season
(G3, ¥28:68, P=0.730; Fig.5). Thus, although
provisioning rates differed among years, there were
no significant daily differences within a season.

Effect of crop profile on body condition

A linear regression including tarsus length as inde-
pendent variable explained 52% of the variance
in body mass (slope body mass—tarsus length:
15.35 + 0.17 se, F1,764O = 8202.7, P< 0001) The
interaction tarsus length - crop size was not signifi-
cant (F3 7572 = 1.1, P = 0.338). When tarsus length
and crop profile category were included in the
linear model, the effect of both variables was sig-
nificant and explained 56% of the variance in
body mass (slope body mass—tarsus length:
15.10 *+ 0.16 se, F; 7585 = 8647.6, P < 0.001; crop
size: F3'7585 =262.1, P< 0001)

There was inter-annual variation in the effect of
the quantity of food delivery on the index of body
condition when the average yearly residuals of
body mass on tarsus length were compared,
depending on whether the effect of crop profile
was included in the models (Fig. 5). Thus when
body mass was not corrected for crop profile, body
condition was overestimated in 1999 and 2000,
and underestimated in 2003, 2004 and 2006.
These annual differences between both indexes of
body condition were related to the proportion of
chicks with large crop sizes (mean annual differ-
ence vs. the annual percentage of chicks with crop
profiles 3 and 2 + 3: n=10; r, = 0.89, P < 0.001
and ry = 0.93, P < 0.001, respectively). In spite of
the significant inter-annual variation in the average
residuals of body mass depending on whether the
effect of crop profile was included in the model,
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Figure 2. Temporal variation in both body mass relative to the asymptotic final body mass (h) and the crop size (d) in eight Flamingo
chicks captured with their crops full. Ring codes for each individual are shown.

there were no differences in the relative position
of such values because of large annual differences
in body condition.

Frequencies of crop profile—body
condition relationship

There were no significant relationships between the
mean annual body condition indexes, corrected for
crop size, and the annual proportion of chicks with
crop profile 0 (weighted Pearson correlation:
n=10, r=0.13, P=0.711), profile 2 (r = 0.35,
P =0.329) and profile 3 (r = 0.46, P = 0.183), or
with the proportion of chicks fed during the night
(crop profile categories 2 + 3; r = 0.54, P = 0.109).

However, mean annual body condition was nega-
tively correlated with the percentage of chicks with
crop profile 1 (r = )0.79, P = 0.007).

DISCUSSION

Changes in body masses of Greater Flamingo
chicks were related to changes in the categories of
crop profiles. Thus, these categories of relative
crop size may be used as reliable indicators of the
amount of food in a chick’s crop. The mass of
feeds was independent of chick size. Cézilly et al.
(1994) found that the time that adults took to pro-
vision their chicks, and hence perhaps the food
mass, was related to chick age. The lack of such
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Figure 3. Graph of the ordinal logistic model for the crop size variation in Greater Flamingo chicks captured with their crops full, as a

function of time of fasting.

a relationship in our study may be due to the fact
that we studied only large chicks (> 7 weeks old),
which had completed about two-thirds of their
development. In captive American Flamingos Phoe-
nicopterus ruber the mass of food received by chicks
increases linearly with age until the chicks are
5 weeks old, and thereafter stabilizes (Burch &
Gailband 2000). During the last phase of a chick’s
development, the capacity of adults to produce the
feeding secretions may limit the quantity of food
with which they are able to provision their chicks.

Effects of crop content on body
condition estimations

Despite the low precision of our body mass mea-
surements (x 50 g, which represents 2.3% of aver-
age chick body mass), the inclusion of individuals
with crop profiles allocated to categories 2 and 3
would overestimate the net body masses in one-
third of chicks, probably because the mass of feeds
was on average 18% of the body mass of chicks.
Nevertheless, such overestimation due to the
crop content depended on inter-annual variation
in the proportion of crop size categories. When

mass—tarsus residuals are used as a body condition
index, the effect of crop size on body mass would
not have affected inter-annual differences in body
condition estimation if the proportions of fed chicks
were constant among years. Thus, in years in which
there was a greater proportion of chicks with larger
crop sizes than the mean for the whole study per-
iod, body condition was overestimated. In contrast,
in years when there was a greater proportion of
empty crops than the mean for the study period,
body condition was lower than that estimated after
controlling for crop size.

The effect of crop size on the estimation of body
condition of Flamingo chicks has been accounted
for in one study (Amat et al. 2007) but not in oth-
ers (Barbraud et al. 2003, Béchet & Johnson 2008).
Our results show that in spite of significant inter-
annual variation in the indexes of body condition
after controlling for crop size, the relative position
of the body condition estimators did not depend on
whether crop size was controlled for. This may be
because the inter-annual variation in the body con-
dition of chicks as a consequence of the amount of
food in their crops represented only 4% of the aver-
age annual variation in the body mass of chicks.
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Figure 4. (a) Percentages of crop size categories to which
Greater Flamingo chicks marked at Laguna de Fuente de
Piedra colony from 1998 to 2009 (n = 7586) were allocated.
Sample sizes are shown for each year. (b) Mean annual (+ se)
body condition values (residuals from the linear models tarsus
length—body mass (white bars) and tarsus length + crop size
category-body mass (grey bars)). Numbers on bars indicate
mean annual differences (standard error) between both indi-
ces. Significant annual differences are shown (n.s.: P > 0.05;
**P < 0.001).

Crop size as a provisioning index

From absorption times of crop content it was pos-
sible to infer the time at which the chicks were
fed. Obviously, this estimation is only valid if, after
being fed, the crop of a chick is completely full.
This assumption is plausible, as most chicks (70—
80%) had turgid crops after being fed (M.A.
Rendon, A. Garrido, JA. Amat, M. Renddn-Mar-
tos & J.M. Ramirez, unpubl. data).

The time of day at which the chicks are fed pro-
vides information on provisioning patterns. A part
of the feed takes place at dusk, just before the
adults depart from the breeding site to foraging
areas, whereas other chicks are fed during the night,

100 ~
Crop
90 1 categori
gories
80 -

3
70 +
60
50 4
40 -
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OOE.

2
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Figure 5. Percentages of crop size categories to which
Greater Flamingo chicks were allocated during five consecutive
days in 2003 (day 1: August 3). Sample sizes are shown above
the bars.

when the adults that spent several days in foraging
areas return to the breeding site (Renddn-Martos
et al. 2000, Amat et al. 2005). As chicks are as a
rule captured at dawn, it is likely that chicks with
crops allocated to profiles 2 and 3 had been fed dur-
ing the night, whereas chicks with crops assigned to
category 1 had been fed late the previous afternoon.
Therefore, about one-third of chicks were fed at
dusk and another third during the night. These pro-
portions are consistent with the commuting pat-
terns of adults during the chick-provisioning
period. After feeding the chicks, the adults move
back to foraging areas, where they remain on aver-
age for 6 days (Amat et al. 2005). Because both
sexes provision their chick, and assuming that there
are not sexual differences in commuting patterns, a
parent is expected to arrive at the colony one night
in three. Moreover, the number of adults that
remain during the day at the breeding site is one-
third of the number of chicks (Renddn-Martos
et al. 2000) and they are likely to provision their
chicks just before returning to the adult foraging
areas.

The inter-annual variation in the proportions of
crop categories may be used to assess the effects of
environmental variation and social factors on pro-
visioning patterns, even if the data are obtained
during a single day every year. Although in some
cases for birds inhabiting highly variable environ-
ments it may not be possible to establish provi-
sioning patterns from short-duration observation
periods (Weimerskirch et al. 2001), in other cases
it has been shown that provisioning patterns may



be accurately determined when the sampling is
conducted over very short time periods (Benson
et al. 2003). In the case of the Greater Flamingo
we have shown that provisioning patterns, as deter-
mined by crop profile categories, were consistent
among days during the last third of the provision-
ing period. Furthermore, Amat et al. (2007) have
shown that there is a negative relationship between
average annual crop profiles and plasma cholesterol
in Greater Flamingo chicks, indicative of longer
fasting periods.

Body condition and provisioning
patterns

Our results show that the average annual condition
of chicks was not related to the percentage of
chicks that were fed the night prior to their cap-
ture (i.e. those with crop profile categories 2 and
3), but to the percentage of chicks that were fed at
dusk the day before their capture (i.e. those with
crop profile category 1). When the number of days
that adults remain in foraging areas increases, the
time that they remain in the breeding site before
commuting increases (data from four satellite-
tracked adults, Spearman rank correlation coeffi-
cient: r; =0.88, n=11 commuting sessions,
P < 0.001; JA. Amat, M.A. Rendon, M. Rendon-
Martos, A. Garrido & J.M. Ramirez, unpubl. data).
Usually, those adults that remain in the foraging
areas for 4-6 days return to foraging areas after
chick provisioning either during the same night as
they commuted, or the following day after com-
muting, whereas the adults that spent eight or
more days in foraging areas usually remain for
2 days at the breeding site before commuting again
(Amat et al. 2005). When adults remain for more
than 1 day in the colony they may feed their chick
during the daytime in order to increase the proba-
bility of detecting potential predators (Beauchamp
& McNeil 2003). Therefore, the relationship
between body condition and the proportion of
chicks with crop profile category 1 would indicate
that the chicks fed during diurnal hours are in part
an indicator of the time that adults spent both at
the breeding site and in foraging areas, which is
inversely related to provisioning frequencies and
may not be compensating for the mass of the
feeds, as has been found in other species that for-
age great distances from a centrally placed breeding
site (Weimerskirch et al. 1997, Granadeiro et al.
1998, Gray & Hamer 2001).

Our results suggest that a crop profile index can
be a useful measure of the amount of food stored
by the chicks, thus enabling both estimation of
more accurate body condition metrics and provid-
ing a means with which to infer chick provisioning
patterns. In this study, we have only analysed crop
size scores obtained from chicks captured during
the ringing process. However, because the variation
in crop size is perceptible from a distance, it is also
possible to collect a larger number of samples
using telescopes. This information, combined with
the individual identification of banded chicks,
makes it possible to study seasonal and interannual
provisioning strategies and their relationship with
both  demographic and environmental factors
applying longitudinal ~ approaches, using mark-
resighting modelling procedures.
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