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The effects of capture, handling, confinement and
ectoparasite load on plasma levels of cortisol, glucose and
lactate in the coral reef fish Hemigymnus melapterus
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Tropical labrids Hemigymnus melapterus sampled underwater had low plasma levels of cortisol,
glucose, and lactate. Plasma cortisol levels were elevated by capture stress within 5-6 min,
while glucose and lactate levels were not. Plasma levels of cortisol and glucose increased after
2-4 h of handling and transport to the laboratory. Levels of cortisol and glucose fell with
laboratory acclimation back to values similar to those found in wild fish. Parasitism by
gnathiid isopods across an order of magnitude of isopod numbers had no effect on plasma
levels of cortisol or glucose. Thus, H. melapterus has a stress response similar to that shown by
temperate species, and relatively high parasite loads are not apparently stressful to fish in the
wild. This may be related to the counterproductive effects of physiological stress responses on
the immune system or behaviour-modulated processes that counter parasitic invasion.
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INTRODUCTION

Fish respond to stress with characteristic acute increases in plasma levels of the
catecholamines adrenaline and noradrenaline, and slower but more sustained
increases in plasma levels of the corticosteroid cortisol (Sumpter, 1997).
Increases in catecholamine and corticosteroid levels are generally mirrored by
increases in plasma levels of glucose generated by the glucose-mobilizing effects
of both classes of hormone (Barton & Iwama, 1991; Wendelaar Bonga, 1997).
Also, plasma lactate levels increase typically in stressed fish, particularly if any
aspect of the stressor results in increased activity, or a decrease in oxygen
availability (Thomas et al., 1999). To date, most of the information on the stress
response of fish is derived from studies on salmonids (Sumpter, 1997) and a
range of temperate, non-salmonid species (Pankhurst & Sharples, 1992; Vijayan
et al., 1993; Sunyer et al., 1995; Waring et al., 1996; Barnett & Pankhurst, 1998).
Stress investigations have been conducted also on high latitude species (Ryan,
1995; Lowe & Wells, 1996), but with a few exceptions (Pankhurst et al., 1997)
there is very little information on the stress response of tropical species.

Accurate assessment of the stress response is strongly dependent on establish-
ment of resting or basal levels of the physiological parameters used to define the
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stress response. For domestic stocks, the effectiveness with which this can be
done appears to be dependent mainly on the quality of husbandry (Wendelaar
Bonga, 1997), whereas for wild fishes the single most important factor is to
sample fish as soon after initial disturbance as possible. One of the most effective
ways of achieving this is by capturing fish underwater and taking a blood sample
in situ (Pankhurst & Sharples, 1992).

In the present study, the stress response of the tropical labrid Hemigymnus
melapterus (Bloch) to capture, handling, and confinement stress was investigated
in fish that were captured and sampled first underwater. Hemigymnus melapterus
was chosen for the study as it is a common species on shallow coral reefs
throughout the Indo-Pacific, and because it is the focus of companion studies
examining the effects of cleaner fish activity on loads of parasitic gnathiid
isopods on labrid hosts (Grutter, 19994). In association with variable access to
cleaner fish, caged H. melapterus show substantial differences in gnathiid loads
(Grutter, 19994). Gnathiids can be deleterious to fish: when abundant they
inflame and destroy mucosal tissues and cause bacterial infections in stingrays
Dasyatis spp. (Honma & Chiba, 1991) and can kill captive fish (Paperna & Por,
1977; Mugridge & Stallybrass, 1983). This study investigated whether the high
incidence of parasites on some individuals was stressful to fish, and whether one
of the benefits of cleaning might be the reduction of physiological stress. To
address these questions, plasma levels of cortisol, glucose and lactate were
measured in H. melapterus sampled immediately after underwater capture, after
handling for 2-4 h, and after 25 months of confinement in the laboratory.
Parasite loads of fish at capture were measured to assess the effect of differential
levels of infestation with gnathiid isopods on physiological stress status.

MATERIALS AND METHODS

FISH CAPTURE

Fish were collected between 14 December 1997 and 2 February 1998, from seven sites
on the shallow reef flat (1-:5 m) surrounding Lizard Island and two nearby islands, Palfrey
and South Island on the Cairns sector of Australia’s Great Barrier Reef. Fish were
captured by herding against a 15 X 1-6 m barrier net and captured with a hand-net at the
net face. Fish were placed in plastic bags to reduce loss of gnathiids due to handling
(Grutter, 1995), then bled immediately underwater (n=39), using the technique described
in Pankhurst (1990). Blood samples were all taken within 6 min of capture (87% were
captured within <4 min). Live fish and plastic bag contents were placed in separate 10-1
buckets with aeration for transport by boat (10-30 min) to the Australian Museum’s
Lizard Island Research Station. Fish were held in the shade for 2-3 h prior to removal
of Parasitic gnathiid isopods. To achieve this, fish were anaesthetized in MS-222 (01 g
17 %) for 3—5 min, their gills, fins, and body surfaces scraped gently with the tip of a wash
bottle, and then fish were soaked in a formalin/freshwater bath (0-25 ml 1~ ') for 3-5 min
to remove any remaining gnathiids. This method recovers 98% of gnathiids (Grutter,
1999h). Some fish were bled again (see below) upon return to the laboratory. All fish
held in the laboratory were supplied with running water from the sea at ambient
temperature (28-30° C). Fish were fed daily ad libitum with chopped prawns and ate
readily from the second day of capture. Fish weighed between 40 and 333 g.

EFFECTS OF HANDLING STRESS

The short-term effects of handling (1-6 min) were examined in fish sampled underwater
(n=39) by recording the interval between the time when fish were captured and the time
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they were sampled. The effect of capture and handling on cortisol and glucose (there was
insufficient plasma for lactate) was examined in six fish, captured as before, then held in
10-1 buckets for 2-4 h before being bled (before treatment for parasites). The experiment
was repeated with five fish, which had been bled previously underwater. The long-term
effects of confinement were measured in six fish held in 1000-1 tanks for 2-5 months at a
density of two fish per tank. One fish per tank was sampled at a time with the second fish
sampled 1-3 days later to avoid serial disturbance effects. All captive fish were bled
within 4 min of tank disturbance.

PLASMA ANALYSES

Blood samples were placed on ice immediately after sampling except for underwater
samples which were placed on ice after the dive (usually within 1 h of sampling). Blood
samples were centrifuged, the plasma separated and frozen and stored at —20°C.
Plasma cortisol levels were determined by radioimmunoassay in samples shipped frozen
to the University of Tasmania, using the reagents and protocols described in Pankhurst
& Sharples (1992) and Pankhurst & Carragher (1992) respectively. Plasma levels of
glucose and lactate were measured using standard spectrophotometric assays (15-UV and
Sigma enzymatic kits 826-UV respectively).

STATISTICAL ANALYSES

The effects of handling on plasma cortisol, glucose, and lactate levels were analysed by
one way ANOVA and Tukey’s means comparison tests. To examine the effect of
gnathiids on cortisol and glucose (lactate was not included as there was insufficient
plasma to measure lactate from all fish sampled underwater), separate multiple regres-
sions were performed, with the blood parameter as the dependent variable and gnathiid
abundance and fish standard length as the independent variables. Fish standard
length was included as gnathiid abundance is known to increase with fish size (Grutter
& Poulin, 1998). To meet the assumptions of homogeneity of variance in the ANOVAs
and regressions, two outliers with no gnathiids were omitted for the cortisol analyses
(1-20 and 1-66 ng ml~"'), and blood parameters and gnathiid abundance were log,,
transformed.

RESULTS

Mean plasma cortisol levels in fish sampled underwater were low (3 ng ml ~ 1)
but increased markedly to 40 ng ml ' on exposure to capture, handling, and
transporting to the laboratory (Fig. 1). Plasma cortisol levels in fish held in
captivity for 2:5 months were elevated (11 ng ml~ ') over those of freshly
captured fish, but substantially lower than those in acutely stressed fish (Fig. 1).
Assessment of fish sampled underwater in relation to the time between capture
and subsequent bleeding showed that there was a significant increase in plasma
cortisol levels 5-6 min after capture (Fig. 2). However, most fish (87%), were
captured within <4 min.

Plasma glucose levels in fish sampled underwater were ~2 mmol 1~ ', and rose
significantly to ~4 mmol 1~ ' following acute stress from handling (Fig. 1).
After 2:5 months of captivity, plasma glucose levels had fallen to <0-5 mmol 1~ '
(Fig. 1). In contrast to cortisol, plasma glucose levels did not vary in relation to
the time between capture and subsequent bleeding (P>0-05) (Fig. 3).

Mean levels of plasma lactate in fish sampled underwater were low
(~1-5mmol 17 ") and declined to <0-5mmol 1" in fish held in captivity for
2-5 months (Fig. 1). Similar to glucose, plasma lactate levels did not vary in
relation to the time between capture and subsequent bleeding (2 min from
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FiG. 1. Plasma levels (mean +S.E.) of cortisol (ng ml~!) (O), glucose (mmol 1~ ') (@), and lactate
(mmol 1~ ') (J) in fish rapidly captured and sampled underwater (UW), sampled after capture and
bucket confinement (CC), sampled after underwater bleeding and bucket confinement (UW-CC),
or sampled after 2-5 months in the laboratory (LAB). Values with different superscripts are
significantly different (P<0-05). Samples sizes are in brackets.
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F1G. 2. Plasma cortisol levels (ng ml ~ !, mean = s.E.) in fish captured underwater in relation to the interval
between capture and blood sampling. Values with different superscripts are significantly different
(P<0-05). Sample sizes are in brackets.

capture: 1-:35 mmol 1~ ! s.e. 0244, n=2; 5-6 min from capture: 1-892 mmol 1~
S.E. 0-:341, n=3, P>0-05). Gnathiid loads per fish ranged from 0-27 across all fish
sizes, and varied by approximately one order of magnitude for a particular fish
size. There was no relationship between plasma cortisol or glucose levels, and
parasitic gnathiid loads, even after accounting for fish size (Figs 4 and 5).
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Fi1G. 3. Plasma glucose levels (mmol 17!, mean +s.E.) in fish captured underwater in relation to the
interval between capture and blood sampling. Sample sizes are in brackets.
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F1G. 4. Plasma cortisol levels per fish of fish captured and sampled underwater rapidly compared with
parasitic gnathiid isopod abundance and fish standard length. A multiple regression with log

plasma cortisol as the dependent variable and log,, gnathiid abundance and log,, standard length
as the independent variables, was not significant (P>0-05).

DISCUSSION

The low basal cortisol levels (3 ng ml ') found in H. melapterus at capture
from the reef were consistent with values from individuals of other species
sampled from the wild with small delay (typically <10 ng ml~'; Pankhurst &
Sharples, 1992), and domestic stocks maintained under conditions of good
husbandry and low disturbance (typically <5ng ml~'; Sumpter, 1997). This
adds further support to the view that studies reporting substantially higher
cortisol levels in wild fish reflect excessive delay between capture and sampling,
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F1G. 5. Plasma glucose levels per fish of fish captured and sampled underwater rapidly compared with
parasitic gnathiid isopod abundance and fish standard length. A multiple regression with log

plasma cortisol as the dependent variable and log,, gnathiid abundance and log,, standard length
as the independent variables, was not significant (P>0-05).

and are not representative of resting or basal cortisol levels (Pankhurst &
Sharples, 1992). That basal cortisol levels are of similar magnitude in freshwater
salmonids (Sumpter, 1997), temperate marine fishes (Pankhurst & Sharples,
1992), Antarctic fishes (Ryan, 1995) and tropical fishes (Pankhurst et al., 1997;
this study) suggests that corticosteroid physiology under normal conditions is
very similar across a wide range of phylogenies and environments.
Hemigymnus melapterus, which were sampled at 28-30° C, showed a rapid
increase in plasma cortisol in response to capture stress, with significant
elevations occurring as early as 5 min after first disturbance. This is towards the
shorter end of the window of response latency reported for other species, but
similar to temperate blue mao mao Scorpis violaceus (Hutton) at 13-15°C
(Pankhurst et al., 1992), cold temperate salmonids at 4-10° C (Sumpter et al.,
1986) and warm temperate red drum Scianops ocellatus (L.) at 20-26° C
(Robertson ef al., 1988). This suggests that the response latency is relatively hard
wired and not strongly influenced by temperature. An exception to this may be
the Antarctic nototheniid Pagothenia borchgrevinki (Boulenger), where response
latencies may be as long as 1 h (Ryan, 1995). This suggests that the capacity to
compensate for temperature may be impaired at the very low Antarctic sea
temperatures (— 1-9° C). Elevated plasma cortisol is a consistent response to
capture, handling, and confinement; however, there are differential increases
across species, probably relating both to phylogenetic differences, and differential
experimental protocols used in the various studies (Barton & Iwama, 1991).
Hemigymnus melapterus showed mean peak plasma levels of cortisol of ¢. 50 ng
ml ! which is toward the lower end of values shown by other species (Barton &
Iwama, 1991; Pankhurst & Sharples, 1992). It remains to be demonstrated
whether this reflects use of a more mild stressor in the present than in some of the
other studies, or is a species characteristic.
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Hemigymnus melapterus showed some recovery of plasma cortisol levels in the
laboratory after 2-5 months, albeit to levels that were still elevated over those
found in freshly captured fish. This appears to be a consistent response of wild
fish held in captivity (Pankhurst, 1998) and suggests that wild fish may never
acclimate completely to the conditions of captivity. This view is supported by
the finding that stress responses are more severe in wild than in domestic stocks
of the same species (Woodward & Strange, 1987), and that stress responses in
wild salmonids remain unchanged even after long periods of captivity (Salonius
& Iwama, 1993).

Plasma lactate levels were low in H. melapterus at capture, and still low after
laboratory acclimation, and similar to basal values reported for other species
(Booth et al., 1995; Barnett & Pankhurst, 1998). The fall in plasma lactate levels
seen in laboratory acclimated fish suggests that struggling during capture in the
wild may already have elevated lactate levels a little above normal. Small plasma
volumes in samples from acutely stressed fish precluded measurement of lactate
levels under these conditions; however, plasma lactate levels remained
unchanged in caged fish that showed some high cortisol levels individually,
suggesting that elevated plasma lactate levels are not a requisite component of
the stress response in H. melapterus. Part of this may be explained by the
behavioural response of H. melapterus to disturbance. Startled fish are briefly
active and then commonly assume an immobile position in the tank or the cage.
This may mean that unlike active species such as salmonids (Thomas et al.,
1999), stressed H. melapterus typically do not enter anaerobiosis.

The absence of acute increases in plasma lactate levels at sample times when
cortisol levels did increase suggests that either the conditions of capture and
sampling did not induce anaerobiosis, or that lactate accumulation did occur but
without significant release of lactate ions to the plasma. Given the generally low
levels of lactate recorded throughout, the former seems likely. Plasma glucose
levels in H. melapterus at capture were lower than those reported for laboratory
acclimated northern pike Esox lucius L. (~4 mM; Schwalme & Mackay, 1985),
domestic rainbow trout Oncorhynchus mykiss (Walbaum) (~4-5 mMm; Wells &
Pankhurst, 1999), and laboratory acclimated golden perch Macquaria ambigua
Richardson (~4 mM; Braley & Anderson, 1992), but similar to laboratory
acclimated sea raven Hemitripterus americanus Gmelin (~1mM; Vijayan &
Moon, 1994).

Stress elevated plasma glucose to levels similar to those found in stressed sea
ravens (~4 mM) but considerably lower than those in stressed trout, pike or
golden perch (10-18 mwm, references as above). The smaller increases in plasma
glucose with stress in H. melapterus may, as discussed earlier, reflect the relatively
low severity of the stressor used, or it may indicate that there is only a modest
capacity for stress-induced increases in plasma glucose in this species.

Plasma glucose levels fell to lower levels in laboratory acclimated H.
melapterus. This may indicate that basal plasma glucose levels are <1 mwm, in
which case the proportional increase in plasma glucose levels following stress is
as large as in other species. As glucose mobilization appears to be controlled
primarily by catecholamines, and as rises in plasma catecholamine levels almost
certainly would have occurred already at sampling after wild capture
(Wenderlaar Bonga, 1997), it is quite possible that the plasma glucose levels
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recorded from wild fish sampled underwater in the present study, were already
showing stress-induced changes. However, the fact that there was no evidence of
an acute increase in plasma glucose level with time taken to sample suggests that
this may not be the case.

Most studies examining the role of stress and parasites have involved
administration of exogenous cortisol and the subsequent effect on the host’s
susceptibility to parasites (Pickering & Duston, 1983; Woo et al., 1987; Johnson
& Albright, 1992) or its effect on the stress response of parasitized fish (Ruane
et al., 1999). This study, in contrast, examined whether parasites are a stressor
and thus whether their abundance is correlated to levels of cortisol.

The lack of correlation of plasma levels of either cortisol or glucose with
gnathiid isopod load over an order of magnitude difference in the level of
infestation (for the same sized fish) suggests that ectoparasites do not act as a
stressor in H. melapterus. Sampling events do not explain these patterns as most
fish (87%) were sampled within 4 min. The gnathiids involved were relatively
small (usually <1-5 mm) compared to gnathiids that harm hosts (Paperna & Por,
1977, Honma et al., 1991). Also they remain on the host for only minutes or
hours (A. S. Grutter, unpubl. data). However, Hemigymnus melapterus are
attacked constantly by gnathiids, both day and night (Grutter, 19995). Further-
more, laboratory experiments show that H. melapterus show a behavioural
response to gnathiids, with those parasitized with gnathiids seeking cleaners,
while those without do not (A. S. Grutter, unpubl. data). As cleaner fish remove
gnathiids from H. melapterus at such a rapid rate that gnathiid abundance drops
daily (Grutter, 1999a), their abundance on fish rarely may have reached high
enough levels to elicit a stress response. This suggests parasites cause a degree of
irritation without eliciting a stress response. Alternatively, repeated short-term
infestation may constitute a chronic stress. Under some conditions fish respond
to chronic stress with desensitization of the HPI axis (Sumpter, 1997).

There is some evidence from other species to support the contention that
parasites do not generate typical stress responses. Rainbow trout infected with
the haemoflagellate Cryptobia salmositica Katz showed no changes in plasma
levels of glucose or cortisol, despite evidence of pathological changes (Laidley
et al., 1988). Similarly, cortisol and glucose levels were unchanged in rainbow
trout infected with a pathogenic fungus (Rand & Cone, 1990), and these authors
concluded that activation of the hypothalamic-pituitary-interrenal axis was not a
normal component of the disease response. Nolan et al. (1999) reported changes
in epithelial structure of skin and gills, and elevations of serum chloride and the
activity of gill Na*/K* ATPase in Atlantic salmon smolts Salmo salar L.
exposed to controlled numbers of caligid copepods, and concluded that this was
indicative of a stress response. However, the study did not assess whether the
hypothalamo-pituitary-interrenal axis was activated as a result of infestation.

Chronic artificial or stress-induced elevation in plasma cortisol suppresses the
immune response of fishes (Balm, 1997), and greatly reduces the capacity of fish
to deal with infection challenge (Pickering & Duston, 1983; Woo et al., 1987);
Pickering & Pottinger, 1989; Johnson & Albright, 1992). Because of this, it is
probably adaptively inappropriate for sustained disease or parasitic challenge to
stimulate a classical stress response. Elevated plasma corticosteroid levels result
also in behavioural changes in a range of vertebrates including fish (Pankhurst
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et al., 1999). Because access to cleaner fish requires maintenance of certain
behavioural characteristics, such as posturing behaviour (Potts, 1973), elevated
cortisol levels and the associated potential for behaviour modification may again
be counterproductive in terms of parasite removal.

This study was funded by an Australian Research Council Postdoctoral Fellowship
and Small Grant awarded to ASG, and Australian Research Council Infrastructure and
Large Grants awarded to NWP. Thanks are extended to M. Johnson for help in the field
and to P. Hilder for assistance with plasma analyses.
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