






11.91 � 0.02min. The lower limit for cortisol detec-
tion in the HPLC portion of this study was1.8 ng in a
250 mL sample loaded onto the chromatographic col-
umn. Hormone values are reported as ng cortisol/g
dry faeces. HPLC standards ranged from 5 to
1000 pg mL�1 in seven incremental amounts (Fig.1).
The HPLC-assayed cortisol values (ng g�1 of dry
faeces) ranged from 1118.5 for the 1999 sample to
169.5 for the 2003 sample.

ELISA

A representative ELISA standard curve is shown in
Fig.2. ELISA-derived cortisol values (ng�1dry faeces)
were based on the same concentration as for HPLC
with R2 50.9899 for the calculated curve (Fig. 2).
Standard curves for cortisol measured directly and
measured after addition to and extraction from corti-
sol-free faeces were not di¡erent. The lower limit
using ELISA was 1.0 ng in the usual 50 mL sample
placed in each microplate. ELISA-assayed cortisol
values (ng g�1 of dry faeces) ranged from 1314.2 for
the1999 sample to 210.7 for the 2003 sample.

ELISA^HPLC comparison

Faecal cortisol assayed by both HPLC and ELISA
across the sampling years 1999 to 2004 yielded
nearly identical patterns of cortisol levels (Fig. 3). A
Pearson correlation coe⁄cient performed on these
datawas 0.996.

Discussion

To date there have been no reports of the measure-
ment of cortisol in ¢sh faeces. Radioimmunoassay
and HPLC are the most commonly used methods for
plasma cortisol measurement in ¢sh Wasser et al.
(2000) have reported faecal cortisol measurement
by ELISA in terrestrial mammals. The present study
has shown that cortisol in ¢sh can be measured in
faeces by ELISA and this assay exhibits equal reliabil-
ity and much greater e⁄ciency and sensitivity than
HPLC. On a per-millilitre basis, the ELISA, showed
ninefold greater sensitivity than HPLC, which re-
duces faecal sampleweight required for reliable assay
(HPLC50.5 g, ELISA50.2 g). From both per-sample
assay time and personnel cost perspectives, the

Figure 2 A representative
enzyme-linked immunosor-
bent assay (ELISA) cortisol
standard curve.The standard
curve was derived from seven
knownconcentrations of cor-
tisol (5^1000 ngmL�1) in
enzyme conjugate.

Figure 3 Comparison of
high-performance liquid
chromatography (HPLC) and
enzyme-linked immunosor-
bent assay (ELISA) results
from parrot¢sh faecal sam-
ples from 1999 through
2004. The Pearson correla-
tion coe⁄cient for these data
was 0.996.
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ELISA is more practical and less expensive than HPLC
analysis. The time required for a single faecal analysis
via HPLC is approximately 45min, whereas an ELISA


