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F = 5.27, P = 0.032). In contrast, no statistical difference 
between seasons was found in FGMs measured with the cor-
ticosterone RIA (d.f. = 20, F = 1.88, P = 0.18). Furthermore, 
time after collection was a highly significant factor contrib-
uting to stability in FGM concentrations for both assays 
(cortisol EIA, d.f. = 100, F = 6.17, P < 0.0001; and corticos-
terone RIA, d.f. = 100, F = 5.4, P = 0.0002). Faecal gluco-
corticoid metabolite concentrations measured with the 
cortisol EIA during the dry season were stable for 5 days 
(d.f. = 100, t = −0.25, adjusted P > 0.5), while stability of 
FGM concentrations during the wet season was <1 day 
(d.f. = 100, t = −5.27, adjusted P < 0.0001). Faecal glucocor-
ticoid metabolite concentrations measured with the corticos-
terone RIA were stable for 5 days in both dry (d.f. = 100, 
t = 2.89, adjusted P = 0.16) and wet seasons (d.f. = 100, 
t = 3.20, adjusted P = 0.075). The influence of sex was not 
statistically significant on changes in FGM concentration 
stability over time for either immunoassay (cortisol EIA, 
d.f. = 100, F = 0.47, P = 0.796; and corticosterone RIA, 
d.f. = 100, F = 0.44, P = 0.817). Lastly, environmental con-
ditions (i.e. samples exposed to sun or shade) did not have 
significant effects on the stability of FGM concentrations for 

either assay (cortisol EIA, d.f. = 24, F = 1.70, P = 0.204; and 
corticosterone RIA: d.f. = 24, F = 0.32, P = 0.575; Fig. 4).

Scat age assessment

We were unable to determine accurately the age of scat 
exposed to different environmental conditions. Moisture 
and, to a lesser degree, colour changed markedly after a scat 
was exposed to the environment. Scats gained moisture after 
rainfall, causing the colour to turn darker. In general, scat 
samples became dryer and whiter over time in the dry season, 
but no such trend was observed in the wet season (Fig. 5).
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Figure 3: ​ Climatic variables, summarized in box and whisker plots, 
associated with environmental validation of jaguar FGMs. The number 
of samples for each climatic variable in the dry and wet seasons was 40 
and 64, respectively; r2 is the value of the square root of the significant 
model: weather variable = environmental condition (sun or shade) 
nested within a season (wet or dry) + error. Different letters denote 
significant differences. Dotted lines represent trends in environmental 
conditions within a season (temperature, d.f. = 3, F = 28.16, P < 0.0001; 
relative humidity, d.f. = 3, F = 32.88, P < 0.0001; dew point, d.f. = 3, 
F = 49.10, P < 0.0001; and UV, d.f. = 3, F = 30.69, P < 0.0001).

Figure 2: ​ Biological validation of jaguar FGMs using two 
immunoassays, corticosterone RIA (A) and cortisol EIA (B). Mean FGM 
concentrations were measured in jaguars exposed to different 
durations in captivity after capture. Blue dots represent values for each 
individual. Bars with different letters are significantly different from 
each other; n is the number of individuals included in each category; 
§captive-born male not included in statistical test.
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Discussion
A cortisol EIA (R-4866 antibody) was validated to measure 
FGMs in jaguar scat. The results of the corticosterone RIA (MP 
Biomedicals) validation were congruent with a previous immu-
noassay validation performed by Conforti et al. (2012). Both 
immunoassays showed satisfactory parallel displacement and 
evidence of multiple glucocorticoid metabolites based on HPLC 
analysis, including an important amount of immunoactivity 
associated with more polar metabolites, similar to that observed 
in other felid species (i.e. cheetah, domestic cat, clouded leop-
ard; Young et  al., 2004). Contrary to those species, jaguar 
extracts also contained immunoactive peaks that co-eluted 
with 3H-corticosterone, which is feasible for the RIA that uses 
a corticosterone antibody; however, the cortisol antibody cross-
reacts only 0.7% with this glucocorticoid, so it is unlikely to be 
native steroid in that case. For this HPLC analysis, we used a 
pool of faecal extracts from male and female jaguars. 
Unfortunately, we were unable to make inferences regarding 
sex-related differences in HPLC profiles of FGMs. Other stud-
ies have shown that there are sex-related differences in FGMs 
(Touma et al., 2003). Future studies could perform HPLC or 
other chromatographic techniques (e.g. gas chromatography 

coupled with mass spectrometry) to discern any potential dif-
ferences in the array of FGMs between the sexes.

Biological validity of both assays was demonstrated by 
showing a significant difference in FGM among individuals in 
relationship to the time spent in captivity. As expected, indi-
viduals that had spent <1 year in captivity exhibited much 
higher adrenal activity than those with 1–4 or >5 years in 
captivity or a captive-born individual. These results are also 
consistent with behavioural differences among jaguars rela-
tive to time in captivity noted by the Belize Zoo director and 
staff (personal communication from Sharon Matola). The 
biological validity of the corticosterone RIA is further sup-
ported by the results of a previous study of captive jaguars 
that were challenged with exogenous adrenocorticotrophic 
hormone (Conforti et  al., 2012). Although different steroid 
extraction techniques were used [boiling (present study) vs. 
shaking (Conforti et  al., 2012)], the FGM concentrations 
assessed with the corticosterone RIA of the captive-born jag-
uar and the individuals that had spent <1 year in captivity at 
the Belize Zoo were similar to the baseline and the adrenocor-
ticotrophic hormone-challenged jaguars, respectively, in the 
study by Conforti et  al. (2012). Thus, based on laboratory 
and biological validations, both immunoassays appear to be 
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Figure 4: ​ Faecal glucocorticoid metabolite concentrations assessed by two immunoassays, corticosterone RIA (top panel) and cortisol EIA 
(bottom panel) in jaguar faecal samples exposed for 5 days to two environmental conditions: sun (light line) and shade (dark line), in two seasons: 
wet and dry. Individual jaguars included in the dry season (shade n = 7, sun n = 9) and the wet season (shade n = 6, sun n = 6). Error bars 
represent 1 SEM. *Significant difference from control sample or day 0 of exposure. Horizontal red dashed lines represent the average FGM 
concentrations of individuals with high adrenal activity (i.e. <1 year captivity) from biological validation.  at V
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effective at measuring FGM in fresh jaguar scat samples. 
Moreover, our sample sizes were too small to separate by sex 
in the biological validation; it still remains unclear whether 
jaguar males or females display different FGM profiles after 
challenging the hypothalamic–pituitary–adrenal axis.

A few investigators have assessed the change of faecal 
steroid metabolite concentrations over time, although the 
terminology differs, e.g. washing-out experiment (Rehnus 
et al., 2009), effects of faecal age and seasonality (Abáigar 
et al., 2010), field stability experiment (Fanson, 2009) and 
rate of FGM degradation (Hulsman et al., 2011). Regardless 
of terminology, systematic experimental assessments of the 
effects of natural environmental conditions on hormone 
metabolites in excreta of wild animals are crucial to ensure 
methodological validity. In our environmental validation, 
the results differed somewhat for the two immunoassays. 
Faecal glucocorticoid metabolite concentrations did not dif-
fer statistically between seasons using the corticosterone 
RIA. In contrast, the cortisol EIA indicated that jaguar 
FGM immunoreactivity changes, possibly due to steroid 
degradation, at faster rates and with more variability during 
the wet season than during the dry season. Overall FGM 
concentrations also fluctuated more during the wet season 

for both immunoassays. However, a stronger effect was 
seen in the cortisol EIA, where FGM in older samples could 
mistakenly identify an individual as having higher adrenal 
activity. Both immunoassays showed that FGM concentra-
tions changed over time when exposed to the environment; 
however, the effects were variable. Faecal glucocorticoid 
metabolite concentrations measured with the corticosterone 
RIA did not differ statistically after 5 days of exposure in 
either season. In contrast, FGM concentrations measured 
with the cortisol EIA were stable for <1 day of environmen-
tal exposure during the wet season. During the dry season, 
little change in FGM concentrations over time during was 
observed for both the cortisol EIA and the corticosterone 
RIA. Selection of the appropriate immunoassay, in this case, 
for measuring FGM in Belizean free-ranging jaguars, ulti-
mately depends on the research question and goals. The cor-
ticosterone RIA is robust against the effect of climate 
seasonality, while the cortisol EIA should be used for scat 
field surveys only during the dry season. The contrasting 
outcomes from these immunoassays suggest the importance 
of evaluating more than one immunoassay in environmental 
validations. This practice could increase the chance of cap-
turing or confirming relevant changes in steroid metabolite 
concentrations.
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Figure 5: ​ Morphology of jaguar scat during 5 days of exposure during the wet and dry seasons in two environmental conditions: sun and shade. 
An example of four scats photographed over time (row direction) is shown for every combination of environmental conditions. Morphological 
characteristic scores [M = moisture, from driest (1) to moistest (5); C = colour (DB, dark brown; B, brown; and W, white)] are presented in the  
black boxes.
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Even though sex differences in FGM concentrations have 
been shown to occur naturally in some felid species, such as 
Canada lynx (Lynx canadensis; Fanson et  al., 2012), our 
environmental validation showed no evidence of sex-related 
effects on the change of FGM concentrations of jaguar fae-
cal samples exposed to the environment after defaecation.

Warmer and dryer weather appeared to minimize varia-
tion in FGM concentrations. Cooler and wetter weather 
possibly creates a more hospitable environment for micro-
organisms with steroid biotransformation capacities, as pre-
viously suggested (Washburn and Millspaugh, 2002). Within 
season, vast differences in scat exposure to UV -rays among 
environmental conditions (e.g. 30 and 10 times higher UV 
intensity in sun vs. shade treatments in dry and wet seasons, 
respectively) did not appear to have an important effect on 
FGM concentrations. These results are perhaps explained by 
the low capacity of UV rays to penetrate solid structures, 
such as faeces (for example, Abdelrahman et  al., 1979). 
Therefore, the effects of UV-ray exposure on FGM degrada-
tion might be limited to the surface of the scat (i.e. depth of 
micrometres), whereas faecal steroids are widely distributed 
throughout the entire faecal sample.

Scat ageing by assessment of morphology in relationship to 
hormone stability was not successful because of high varia-
tion in colour and moisture changes after rain events. 
Additionally, scats turn white very quickly in dry conditions, 
which is likely to lead to overestimates of sample age. 
Furthermore, we observed that humidity drastically altered 
the morphology of faecal samples, making the ageing of scats 
in the field by morphology inaccurate. Instead, we recom-
mend adjusting survey regimens to incorporate the results of 
environmental validations by resurveying an area at intervals 
to ensure stability in hormone concentrations in excreta as 
described below.

We suggest that those researchers interested in NHM sam-
pling for jaguars in a tropical country, such as Belize, should 
conduct surveys in the dry season by using either the cortisol 
EIA or the corticosterone RIA, while surveys in the wet sea-
son should use only the corticosterone RIA. We found that 
scats cannot be aged accurately by morphology, but because 
FGM concentrations are stable for up to 5 days, sampling 
can involve an initial clearing of all scats from the target area 
and, to be conservative, resurveying every 3–4 days to ensure 
accuracy in hormone concentrations. A different sampling 
regimen could be adopted during the wet season, and if the 
cortisol EIA is used, resurveying would need to take place 
daily; however, strict caution in the interpretation of data 
should be taken due to the rapid change in FGM concentra-
tions. In addition, daily survey may be impractical in field 
conditions.

Assessing the degree of stress in wild jaguars ranging 
across areas of varying human disturbance is a timely appli-
cation of these methodologies. Belize has experienced a pro-
gressive increase in human activities such as hunting, housing 
developments, forest eradication and land conversion for 

agriculture, hence increasing levels of human–jaguar conflict. 
Our methods will ensure physiologically relevant FGM con-
centrations in faeces and could advance conservation physi-
ology for jaguars by exploration of the linkage of habitat 
fragmentation and human–wildlife conflict to measures of 
adrenal activity in free-living jaguars.
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