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Abstract We examined diel variation in prey se-
lection by giant kokopu, Galaxias argenteus, in re-
lation to diel variation in the abundance of drifting
invertebratesin asecond order streamin Otago, New
Zedland in summer. Clear differences in both the
quantity and composition of prey consumed was
evident. Greater numbers of aquatic insects were
consumed at night relative to the day, whereas more
terrestrial insects were consumed by day relative to
the night. Giant kokopu were selective in the prey
consumed. Trichopteradominated giant kokopu diet
at night even though drift samples collected at night
were dominated by Deleatidium mayflies. Results
suggest that giant kokopu feed actively during night
and day in summer, and that prey selection isinflu-
enced by interactions between factorsincluding prey
availability, prey characteristics and light.
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INTRODUCTION

Diel patterns of feeding and prey selection by drift-
feeding fish in small streams are determined by
variousinteracting factorsincluding prey abundance,
ease of prey capture, visibility, water velocity, fish
size, and social status (Fausch 1984; Closs 1994;
Nakano & Furekawa-Tanaka 1994; Grossman et al.
2002). Nocturnal fish species face different
challengeswith respect to prey detection and capture
(Montgomery & Milton 1993), and significant
differences in the abundance and composition of
potentia invertebrate prey (Sagar & Glova 1992)
relative to speciesthat feed by day. Efficient feeding
at night may require special adaptations including
well-developed lateral line systems (Montgomery &
Milton 1993; McDowall 1997) and a high level of
visual acuity under low light conditions (Meyer-
Rochow & Coddington 2003).

In New Zealand, various species of galaxiid,
including giant kokopu (Galaxias argenteus),
banded kokopu (Galaxias fasciatus), shortjaw
kokopu (Galaxias postvectis), koaro (Galaxias
brevipinnis), and common river galaxias (Galaxias
vulgaris) are considered to be primarily nocturnal
(McDowall 1990). Studies of gut fullnessover adiel
cycle aso indicate that koaro (G. brevipinnis) and
common river galaxias (G. vulgaris) feed primarily
at night (Cadwallader 1975; Glova & Sagar 1991).
In these fish, prey detection under low light
conditions may be facilitated by an accessory lateral
line (McDowall 1997). However, various fish
species may aso exhibit a degree of plasticity with
respect to patterns of diel activity (Alanara et al.
2001; David & Closs 2003). Koaro have been
observed to feed during the day (Hayes 1996), and
giant kokopu may be active for long periods by day
during warmer months (David & Closs 2003; David
& Stoffels 2003). Differencesin the composition of
available prey and the ability of fish to detect that
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prey would seem likely to lead to significant
differencesinthediet of fish feeding by day or night.

In this study, we compared the gut contents of
giant kokopu collected by either day or night. Giant
kokopu have previously been described as a
relatively non-specialised predator, feeding on a
widevariety of terrestrial and aquatic invertebrates,
and occasionally fish (Jellyman 1979; Bonnett &
Lambert 2002; David & Closs 2003). However, no
study to date has examined diel variation in the diet
of giant kokopu.

METHODS

A total of 37 giant kokopu (16 night, 21 day) were
captured along Alex Stream, a second order stream
that drains into Lake Waihola, c. 50 km south of
Dunedin, South Island, New Zealand between 1 and
27 February 2002 (see David 2002 for details of site).
Fish were randomly captured along a 300 m reach
of stream on the same day or consecutive days for
day and night samples. Fish for day gut sampleswere
caught between 1630 and 1820 h by angling
(flyfishing), and between 2300 and 0300 h for night
gut samples with a spotlight and dip net. Giant
kokopu are often active during the day in the summer
season (David & Stoffels2003) and invariably were
caught when presented with afly. Also, acrepuscular
peak in feeding activity has previously been
observed (David & Closs 2003), therefore sampling
between 2300 and 0300 h was considered to give an
accurate representation of the quantity and types of
food itemsthat were eaten throughout the night. Fish
<15 cm in length were seldom active at night and
hence could not be collected for sampling.
Invertebrate samples were identified to species
whenever possible and dry weights of stomach
contents determined.

Upon capture each fish wastransferred to abucket
containing 135 pl/litre of 2-phenoxyethanol
dissolved in stream water. Once anaesthetised, fish
were measured to the nearest mm and stomach
flushed. Water was pumped directly into the ssomach
with a single tube causing food items to be flushed
out. This technique has been shown in previous
studies to be an efficient method of removing food
items while ensuring the safety of fish (Giles 1980;
Quist et al. 2002). We used either a 25 ml syringe
(2 mm diam. tube) for fish between 10 and 14 cm
in length or a 60 ml syringe (3 mm diam. tube) for
fish between 15 and 30 cm. Fish under 10 cm in
length were deemed too small to safely stomach
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flush without causing injury. Stomach contentswere
flushed into asorting tray and transferred to a pottle
containing 90% ethanol. After flushing, fish were
placed in fresh streamwater to aid their recovery.
Once afish had regained equilibrium (usually within
305), it wasreturned toits point of capture. A record
of the unique pattern of markings along the back of
each fish was kept (see David & Stoffels 2003 for
methods) to ensure each fish was sampled only once
over the study period. Stomach flushed fish recovered
rapidly from the procedure and wereregularly sighted
over a 2-month period post-flushing.

To determine the selectivity of feeding giant
kokpu, macroinvertebrates were sampled with up to
four drift nets placed upstream and downstream of
sampled fish each day and night. Drift nets (1-mm-
mesh size) reached the bottom of the stream to the
water surface and were positioned in the same
locations of the stream on each sampling date. Upon
collection theretrieval time was noted and collected
items preserved in 90% ethanol and identified using
Winterbourn et al. (2000). Thevolume of water that
passed through drift nets was cal culated by taking a
water velocity reading (centre of each net’ s opening,
range 0.10-0.29 m/s), then multiplying thisvalue by
the duration netswerein thewater and by the surface
area of water covering the mouth of drift nets. Day
and night drift sampleswere compared using paired
t tests.

Feeding selectivity of giant kokopu was estimated
using the the Manly-Chesson index (Mittelbach
2000):

k
o = (d; /Ni)lz (dj I N))
j=1

Wherei = 1,2,..., k and k is the number of prey
categories, d; is the number (or proportion) of prey
typei inthediet, and N; isthe density (or proportion)
of prey of typei in the environment. The index o;
rangesfrom 0 to 1. Prey typesthat are consumed in
proportion to their abundance in the environment
have o; = 1/k, o; > 1/k indicates selection for aprey
type, and o; < 1/k indicates selection against a prey
type (Mittlebach 2000).

RESULTS

Invertebrate drift was dominated by three orders of
insects: Ephemeroptera, Trichoptera, and Diptera
(Table 1). Overall terrestrial and aguatic insects
accounted for 15.1% and 84.9% of the drift
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respectively; and Ephemeroptera, Trichoptera, and 12+ Day
terrestrial Dipteraaccounted for 64.0%, 12.4%, and ' n=4
13.6% of the total drift respectively. Over 99% of 10 n=7
mayfly fauna consisted of Deleatidium and 0 n=10
Nesameletus spp. and over 90% of the caddisfly 42 08 1
faunaconsisted of Olinga, Hudsonema, and Pychno- 8
centria sp. Significantly more Ephemeropterawere o 96 |
found in night drift samples compared to day .© 04l
samples (r = 8.52, P < 0.0001, d.f. = 21), whereas y—
terrestrial Diptera were found in larger numbersin = © g5 |
day drift samples than night samples (r = 1.75, P < €
0.10, d.f. = 21). 9O o0
The mean number of total invertebratesfoundin 2 n=8 n=8
gut samples of giant kokopu sampled duringday and O .
night time hours was 27.49 and 36.57 respectively 8— 121 Nig ht
(Table 1). All fish sampled during the night had at & 101
least three food items present and only one fish o
sampled during the day had zero food items present. RA N — Terrestrial
The mgority of invertebrates found in stomachs of 06 1 wzzzz Aquatic
giant kokopu consisted of cased Trichoptera (mostly
Olinga spp.), Ephemeroptera (mostly Deleatidium 0471
spp.), and adult terrestrial Diptera (Table 1). Five 02}
times more aquatic invertebrates were consumed by i i
giant kokopu at night than terrestrial insects, 0.0 ' ' X
although as small fish remained hidden during the 10-15em 1520 cm  20-25 cm
night, gut samples were not taken from fish under ) )
15 cm (Fig. 1). Small fish (size 10-15 cm) consumed Fish size

significantly moreterrestrial insectsthan larger fish

(size 15-25 cm) during the day (r = 2.127, P < 0.05).

The mean dry weights of stomach contents of fish

larger than 15 cm were 0.056 g and 0.063 g in day

and night samples respectively. . Fig. 1 Proportion (+1 SE) of terrestrial and aquatic in-
Ephemeropterawerefound c. 13timesmoreoften  sects flushed from the stomachs of small, medium, and

in the drift than in gut samples of giant kokopu, large giant kokopu (Galaxias argenteus).

Table 1 Mean number of invertebrates collected in day and night drift samples/100 litre per h and mean number of
invertebrates collected in day and night stomach samples. (SE, standard error.)

Day Day Night Night

drift samples stomach samples drift samples stomach samples
Food item Mean SE Mean SE Mean SE Mean SE
Ephemeroptera 0.155 0.04 0.50 0.21 18.78 291 144 059
Trichoptera 0.95 0.37 12.18 4.22 2.67 0.36 29.06 831
Terrestrial Diptera 2.98 0.71 8.32 1.65 0.89 0.33 275 0.66
Aquatic Diptera 0284 012 1.0 0.44 0.78 0.18 094 036
Plecoptera 0.03 0.03 0.00 0.00 0.18 0.08 0.13 0.085
Arachnids 0.266  0.098 0.91 0.30 0457 028 056 0.20
Terrestrial Coleoptera 0.126 0.044 1.63 0.51 0.28 0.17 0.69 022
Terrestrial Hemiptera 0.128  0.044 2.27 0.71 0.14 0.064 0.69 040
Other aquatic invertebrates  0.064  0.032 0.68 0.25 0.62 0.224 031 011
All aguatic invertebrates 1.48 0.46 14.36 5.12 23.04 3.76 31.89 945

All terrestrial invertebrates 351 0.59 13.13 3.17 1.82 0.86 4.68 1.46
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whereas cased Trichoptera were found in gut
samplesc. 10 times more often than in drift samples.
In both day and night comparisons of available drift
to gut contents of giant kokopu the food item that
was most strongly selected for was cased Trichop-
tera, where o; = 0.686 and 0.928 respectively. In
contrast, Ephemeropteralarvae were selected against
with o; = 0.107 and 0.0064 for day and night
respectively. During both day and night, caddiswere
found in the stomachs of all giant kokopu 86% and
88% of the time respectively. In contrast mayflies
were only found 33% and 63% of the time in day
and night stomach samples respectively.

DISCUSSION

Consistent with other studies of giant kokopu
(Jellyman 1979; Bonnett & Lambert 2002; David &
Closs 2003), giant kokopu consumed a range of
aquatic and terrestrial invertebrate prey.
Significantly, readily identifiable prey items were
recorded in both day and night gut samples,
indicating that giant kokopu of varying sizes were
actively feeding over the entire diel cycle. Recent
studies of giant kokopu behaviour have observed
highlevelsof diurnal activity (David & Closs 2003;
David & Stoffels 2003). This study confirms that
such activity is at least partly associated with
feeding. Similar patternsof diel feeding activity have
also been observed in koaro (Hayes 1996).

The highest number of prey items per gut were
recorded at night demonstrating that feeding ratesare
highest then, at least for fish >15 cm. Clearly giant
kokopu are able to feed effectively under low light
conditions, an observation that correspondswith the
morphology of their lateral line system (McDowall
1997). Variation in the composition of the gut con-
tents over the diel cycle was observed, specifically
in the number of terrestrial invertebrates consumed
during the day. However, giant kokopu showed
continuous selectivity towards Trichopterans with
44% and 79% of all food items sampled in guts
consisting of cadis during the day and night
respectively. Diel variation in the composition of
prey is likely to be determined by changes in prey
availability (Sagar & Glova 1992) and the capacity
of fish to detect prey under variablelight conditions
(Montgomery & Milton 1993).

The mean number of terrestrial dipterans per gut
was higher by day relativeto night, apattern that also
corresponded with theincreased avail ability of such
prey in the drift. Small fish fed predominantly on
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terrestrial invertebrates during the day. Previous
studies have shown that the heaviest individuals
position themselves at the heads of pools (David &
Closs2003; David & Stoffels2003), whereassmaller
fish areforced to take up positions at the downstream
end of pools where access to drift may be limited
(Fausch 1984). Small fish may therefore be denied
access to the most profitable positions for feeding
on aquatic drift and thus prey opportunistically on
terrestrial invertebrates that fall directly into pools
from overhanging vegetation.

Giant kokopu have been previously described as
non-specialised feeders (Bonnett & Lambert 2002),
athough this study indicates that they are selective
at least at the scale of a single stream. Cased
Trichoptera were clearly the most preferred prey
item, a pattern of feeding that corresponds closely
with observations of prey selection in short-jawed
kokopu where cased Trichoptera were also the
preferred prey item (McDowall et a. 1996). In this
study giant kokopu consumed cased Trichoptera
over 10 times more frequently than Ephemeroptera
even though mayflies were present in higher
numbers in the drift, at least at night. It is possible
that giant kokopu use their lateral line as a primary
means of detecting prey and therefore feed pre-
dominantly on benthic Trichoptera, whereas
mayflies effectively drift at low light levels
unnaticed. Although the benthos was not sampled
in this study, fish were rarely observed feeding off
the stream bottom but were commonly seen drift
feeding during both day and night.
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