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ABSTRACT

The relationship between the composition of the invertebrate drift fauna and
the feeding habits of the common river galaxias Galaxias vulgaris and the
upland bully Philypnodon breviceps was examined in the Glentui River, Canter-
bury, New Zealand, between 1500 h on 12 November and 1500 h on 13 November
1971. The drift consisted of both night-active and day-active components.
Galaxias vulgaris fed mainly at night, with peaks of feeding at dusk and dawn.
Philypnodon breviceps had two peaks of feeding, at midday and midnight,
between the peak feeding times of G. vulgaris. Feeding of G. vulgaris on its
major food items coincided with the presence of the food items in the drift,
whereas feeding of P. breviceps did not coincide with the occurrence of the
food items in the drift. It is concluded that G. vulgaris is primarily an open-
water feeder and that P. breviceps searches for food on the river bed.

INTRODUCTION

Since the work of Muller (1954) the concept of drift and its signifi-
cance to the stream ecosystem has received a great deal of attention
(Waters 1972). In New Zealand, McLay (1968) recorded diel period-
icity in the overall drift rate in the Kakanui River, with maximum
rates just after sunset. Comparatively large numbers of ephemeropteran
nymphs and rhyacophilid trichopteran larvae (Hydrobiosis spp.) were
found to occur in the drift at night. Similarly, Watson (1971) recorded
relatively large numbers of ephemeropteran and trichopteran larvae in
the drift of a small stream in -the Auckland province. Burnet (1969),
working in the South Branch of the Waimakariri River, Canterbury,
found that drift was maximal at night.

The significance of drifting invertebrates to stream fish lies in an
increase in the availability of food. As pointed out by Waters (1969),
this may occur in two ways. Firstly, drift may carry invertebrates from
the area of their production to an area where they may be consumed
and, secondly, drifting invertebratfs)may be more visible and therefore
more available to fish such as salmonids in which visual stimulation
is an important factor in feeding (Chapman 1966). A number of workers
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TABLE 1—Insects found in the Glentui River, Canterbury, New Zealand; classifi-
cation after Wise (1973)

SPECIES

Coloburiscus humeralis (Walker)
Oniscigaster wakefieldi McLachlan
Ameletopsis perscitus (Eaton)
Nesameletus ornatus (Eaton)
Deleatidium spp.
Zephlebia scita (Walker)
Stenoperla prasina (Newman)
Aucklandobius trivacuatus (Tillyard)
Zelandoperla decorata Tillyard
Archichauliodes diversus (Walker)
Hydropsyche colonica McLachlan
Poly plectra pus puerilis (McLachlan)
Dolophilodes stenocerca (Tillyard)
Hydrobiosis parumbripennis McFarlane
Psilochorema leploharpax McFarlane
Neurochorema confusum (McLachlan)
Oxyethira sp.
Pycnocentria evecla McLachlan
Beraeoptera roria Mosely
Pycnocentrodes aureola (McLachlan)
Olinga feredayi (McLachlan)
Helicopsyche sp.
Triplectides obsoleta (McLachlan)
Hudsonema amabilis (McLachlan)
Indet.
Indet.
Indet.
Anatopynia sp.
Maoridiamesa harrisi Pagast
Tanytarsini sp.
Orthocladiinae sp.
Austrosimulium multicorne Tonnoir
Austrosimuliuin ungulalum Tonnoir
Dixini sp.
Indet.
Microvelia sp.
Anisops sp.

ORDER

Ephemeroptera

Plecoptera

Megaloptera
Trichoptera

Coleoptera

Diptera

Hemiptera

FAMILY

Siphlonuridae

Leptophlebiidae

Eustheniidae
Gripopterygidae

Corydalidae
Hydropsychidae
Polycentropodidae
Philopotamidae
Rhyacophilidae

Hydroptilidae
Sericostomatidae

Helicopsychidae
Leptoceridae

Elmidae
Helodidae
Tipulidae
Chironomidae

Simuliidae

Culicidae
Tabanidae
Veliidae
Notonectidae

have indicated the importance of drift as fish food, e.g., Needham
(1929), Nilsson (1957), Mason & Chapman (1965), Mann & Orr
(1969) and Mason (1969), and have observed fish actually feeding on
drift (Miiller 1954, Horton 1961, McCormack 1962). Apart from the
work of Burnet (1969) on the interrelationjf)between the invertebrate
fauna and the feeding habits of eels, Anguula spp., and brown trout,
Salmo trutta L., little attention has been given to the relationship
between drift and the feeding habits of New Zealand fish. This paper
presents the results of an investigation into the relationship between
invertebrate drift and the feeding habits of the common river galaxias,
Galaxias vulgaris Stokell (Family Galaxiidae), and the upland bully,
Philypnodon breviceps Stokell (Family Eleotridae), in a New Zealand
river.
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STUDY AREA

The investigation was carried out in the Glentui River, Canterbury,
New Zealand. The Glentui arises at an altitude of approximately 840 m
and flows into the Ashley River at a point (43°14'S, 172° 18'E)
180 m above sea level. It originates in a forest of mountain beech
Nothojagus solandri, and in its lower reaches flows through cultivated
farmland. The sampling area consisted mainly of riffles interspersed
with quiet stretches. At the time of the study, water depth varied from
20 mm to 30 mm in riffles to 0.7 m in pools formed behind obstacles
such as fallen trees. The width of the river varied from 1 m to 9 m and
its bed was composed of fine gravel in quiet stretches, with large
boulders up to 0.7 m in diameter occurring in riffles. Fine mud was
present in quiet backwaters and deep pools. Apart from isolated stands
of Myriophyllum sp. in the quieter backwaters, the only plant cover
in the river was that provided by fallen trees and other debris of
terrestrial origin carried down by floods. Diatoms, notably Gomphonema
sp., were present on most of the boulders on the river bed.

The invertebrate fauna was dominated by larval insects (Table 1).
Other invertebrates found were Gordius sp. (Nematomorpha) and the
gastropod Potamopyrgus antipodarum (Gray). Terrestrial arthropods
together with plant debris were frequently found in the drift, and
terrestrial lumbricids (Oligochaeta) were sometimes found in shallow
quiet water at the margins of the river.

Galaxias vulgaris and Philypnodon breviceps were the most abundant
fish in the river. Other fish found in the sampling area were the long-
finned eel Anguilla dieffenbachii Gray, the short-finned eel Anguilla
australis schmidtii Phillipps/and brown trout. Since insufficient numbers

.,, of trout and eels were preseht in the sampling area, diel variations in the
feeding habits of these fish were not examined.

MATERIALS AND METHODS

Samples of drift and fish were taken at intervals between 1500 h on
12 November and 1500 h on 13 November 1971. Hourly maximum and
minimum water temperatures were also recorded at the drift-sampling
site.

The invertebrate fauna was sampled hourly using two Brundin nets
(Brundin 1966, p. 73). The nets were cone shaped with a circular
opening (320 mm diameter; 0.08 m2 in area) leading into a tapered
collecting net (0.5 mm mesh; 1.6 meshes.mnr1). Each net was posi-
tioned in the river by means of three short cords, attached equi-
distantly around the opening, and joined in front of the net to a long
central cord which was attached to a boulder on the river bed. One
net was used in each sampling period, at the end of which it was
replaced by the other. The nets were arranged so that all samples were
taken at the same point, in the middle of a riffle area, where the water
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TABLE 2—Maximum points allotted to Galaxias vulgaris stomachs of different
degrees of fullness

STOMACH CONDITION

Total length of fish (mm) Half Full Full Distended

4
6
8

8
12
16

16
24
32

30-60
61-90

>90

current was sufficient to maintain the nets in position with only a
small part of their circumference touching the river bed. The likelihood
of benthic invertebrates crawling into the net was thereby reduced.
The depth of water at the drift-sampling site was 0.25 m, so part of
the opening of the net was above water level.

The 24 hourly samples were preserved in 5% formalin and sorted
at a later date. No quantitative bottom samples were taken.

Fish were sampled by electric fishing in six, 2-hourly periods evenly
spaced over 24 h, each sampling period extending one hour either
side of the sample time. For example, the sampling period for the
0800 h collection extended from 0700 to 0900 h. No fishing was carried
out for 10 min in each hour when the drift nets were changed. Imme-
diately after capture, fish were anaesthetised with benzocaine and pre-
served in 10% formalin for examination at a later date. All fish were
taken at least 0.8 km above the drift-sampling site. Elliott & Bagenal
(1972) found that electric fishing caused an increase in the number
of invertebrates in the drift. Since most invertebrates displaced from
the upstream end of their experimental sections returned to the bottom
within 20-40 m, it is highly unlikely that any invertebrates artificially
displaced by electric fishing would affect the drift samples in the present
study.

For each fish, total length (i.e., length from the tip of the snout to
the distal end of the central rays of the caudal fin) was read to 0.1 mm
using a measuring board fitted with a vernier scale (Woods 1968).
Wet weight was measured to the nearest 1 mg using a Mettler HI5
balance. Stomach contents were assessed by both the occurrence and
points methods (Hynes 1950, Windell 1968). The allocation of points
to the stomach contents of both Galaxias vulgaris and Philypnodon
breviceps was based on a standard allocation drawn up for G. vulgaris
(Table 2). Sometimes, small food items, such as the early instars of
dipterans, were recorded by the occurrence method, but did not merit the
allocation of a point and so were not recorded by the points method. The
degree of stomach fullness was estimated visually using the criteria
proposed by Ball (1961). Dry weight of food in each sample was
obtained and related to the total wet weight of the fish in each sample.
Since the object of this analysis was to determine the relative propor-
tion of each food type taken at various times of the day, rather than
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TABLE 3—Product-moment correlation coefficients r (Sofcal & Rohlf 1969) between
mean hourly water temperature and hourly occurrence in the drift of three
groups of day-active invertebrates

GROUP r §5% Confidence Limits

Pycnocentrodes aureola larvae 0.7805 0.5504-0.9004
Beraeoptera roria larvae 0.7960 0.5782-0.9079
Elmidae adults 0.5680 0.2134-0.7903

to measure the relative proportion of each food type in, the diet at any
particular time, the total points allotted to each food type in each
sample were converted to points per fish. The percent occurrence
method is applicable to both types of analysis.

RESULTS

DRIFT

The drift patterns of the major drifting organisms are shown in
Fig. 1. Larvae of Deleatidium spp., Zephlebia scita, Coloburiscus
humeralis, Hydro psyche colonica, Olinga jeredayi, Pycnocentria evecta
and Rhyacophilidae were found primarily in the drift at night, in some
instances with a peak just after sunset. Terrestrial insects, elmid adults,
chironomid pupae and the larvae of Pycnocentrodes aureola and
Beraeoptera roria occurred in the drift mainly during the day, with
the chironomid pupae showing a mid-morning peak. Nesameletus
ornatus larvae and tipulid adults and pupae were found throughout
the 24-h period, although the tipulids, particularly the pupae, were
more abundant at dusk. Ephemeropteran adults occurred mainly at
dusk. The occurrence in the drift of the aquatic day-active forms was
correlated with water temperature (Table 3), with increased occurrence
in the drift associated with higher temperatures.

Other organisms found in the drift (with the number of individuals
in parenthesis) included larvae of Archichauliodes diversus (2), Zeland-
operla decorata (4), Stenoperla prasina (4), Helico psyche sp. (8),
Hudsonema amabilis (2), Triplectides obsoleta (8), Ameletopsis pers-
citus (1), Chironomidae (4), Simuliidae (5), Dixini (8) and Helodidae
(2); trichopteran (3) and chironomid (13) adults; Anisops sp. (1),
Microvelia sp. (1) and Gordius sp. (22).

FEEDING OF THE TWO FISH SPECIES

The size range in samples of Galaxias vulgar is and Philypnodon
breviceps is shown in Table 4. For each species, all samples consisted
of groups of fish of similar total lengths. This reduced any size-
dependent variations in diet, feeding chronology, and feeding intensity,
and so simplified inter-sample comparisons of points per fish for each
food type.
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FIG. 1—(Above and opposite) Diel drift patterns of the
major drifting invertebrates in the Glentui River, Canter-
bury, New Zealand, over a 24-h period, 12-13 November
1971. Each histogram indicates the hourly occurrence in
the drift as a percentage of the total number of indi-
viduals (n) taken throughout the 24-h period. Time
between sunset and sunrise is indicated by the shaded
horizontal bar at the top of each set of histograms. All
animals are larvae unless otherwise indicated. (Read
'terrestrial' for 'terrestial' in lowest histograms above.)
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TABLE 4—Total lengths of Galaxias vulgaris and Philypnodon breviceps in six
samples taken from the Glentui River, Canterbury, New Zealand, over a
24-h period, 12-13 November 1971 (n — sample size, sy = standard error
of the mean)

SPECIES

G. vulgaris

P. breviceps

TIME

1600
2000
2400
0400
0800
1200

1600
2000
2400
0400
0800
1200

n

29
28
29
30
17
30

30
30
30
30
18
16

TOTAL

Min.

57
58
60
57
60
55

51
49
50
52
49
48

LENGTH
Max.

98
109
114
112
105
115

83
88
85
80
87
84

(mm)
Mean

79
85
85
76
80
81

65
68
66
65
71
65

sy

2.28
3.13
2.75
2.59
3.45
3.62

1.40
2.09
1.61
1.65
2.67
3.40

Dry weights of total stomach contents per gram wet weight of fish
in each sample are shown in Fig. 2. Tn G. vulgaris maximum weights
were found at night, with peaks at dusk and dawn. Dry weights of
stomach contents declined during the day, suggesting that at that time
G. vulgaris did not feed to any great extent. No empty stomachs were
found at night, but the percent occurrence of empty stomachs increased
throughout the daylight hours. In P. breviceps two peaks in dry
weights of stomach contents were found, one at midnight and the
other at midday. This suggests two peaks of feeding, between the peak
feeding times of G. vulgaris. The percentage occurrence of empty
stomachs was highest between the feeding peaks, but there were always
some P. breviceps with empty stomachs.

The diets of G. vulgaris and P. breviceps as indicated by the six,
2-hourly samples combined are presented in Table 5. Comparison of
the 15 major food types in the two diets using the Kendall rank
correlation coefficient (Siegel 1956) indicates dissimilarity (Table 6),
although ephemeropteran larvae formed the major part of the diet of
both species.

For each sample of G. vulgaris and P. breviceps taken over the
24-h period, the percent occurrence and the points per fish for each
of the major food types, with the percent occurrence of the food
types in the drift at each sampling time, are presented in Fig. 3.
Although the same food types were eaten by the two fish species, they
were generally taken at different times, and feeding of P. breviceps on
its major food types did not coincide with the occurrence of these
items in the drift. In contrast, feeding of G. vulgaris coincided with
periods of abundance of prey items in the drift in a number of
instances, e.g., terrestrial insects and the larvae of Deleatidium spp.,
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FIG. 2—Variation in the dry weight of stomach contents per gram wet
weight of fish for Galaxias vulgaris and Philypnodon breviceps taken
from the Glentui River, Canterbury, New Zealand, in six, 2-hourly
samples over a 24-h period, 12-13 November 1971. Solid circles
represent dry weight of stomach contents per gram wet weight of fish;
open circles represent percent occurrence of empty stomachs in each
sample. Time between sunset and sunrise is indicated by the shaded
portion of the abscissa.

Coloburiscus humeralis, Hydropsyche colonica, and to a lesser extent
the larvae of Pycnocentrodes aureola and Rhyacophilidae. The positive
relationship between the points allotted to terrestrial insects in G.
vulgaris stomachs and the presence of terrestrial insects in the drift
occurred despite the fact that they were not found in the drift in large
numbers at night, when G. vulgaris mainly fed. Similarly, G. vulgaris
took more larvae of P. aureola during the day when they were most
abundant in the drift. However, G. vulgaris fed on the larvae of
Nesameletus ornatus mainly at night, although N. ornatus larvae
occurred in approximately equal numbers in the drift throughout the
24-h period.
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FIG. 3—{Above and opposite) Percent occurrence (solid lines)
and points per fish (dashed lines) for each of the major
food types in the diets of Galaxias vulgaris (G) and
Philypnodon breviceps (P) taken from the Glentui River
in six 2-hourly samples over a 24-h period, 12-13 Novem-
ber 1971. The proportion of each of the food types in.
the drift (as percentages of the total number of each
type taken over the 24-h period) during the time the fish
samples were taken are presented in histogram form along
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TABLE 5—Diets of Galaxias vulgaris and Philypnodon breviceps in the Glentui
River, Canterbury, New Zealand, from. 1500 h on 12 November to 1500h
on 13 November 1971; all insect items are larvae unless otherwise indicated
(n •== total sample size; — = nil; 'Terrestrial insects' were mainly adult
Hymenoptera, Coleoptera, Lepidoptera, Orthoptera, and Diptera)

FOOD TYPE

Archichauliod.es diversus
Stenoperla prasina
A ucklandobius trivacuatus
Zelandoperla decorata
Coloburiscus humeralis
Nesameletus ornatus
Delealidium spp.
Oniscigaster wakefieldi
Zephlebia scita
Adult Ephemeroptera
Hydropsyche colonica
Rhyacophilidae
Olinga feredayi
Helicopsyche sp.
Pycnocentrodes aureola
Hudsonema amabilis
Beraeoptera roria
Triplectides obsolela
Tipulidae pupae
Tipulidae larvae
Chironomidae
Unidentified dipteran larva
Elmidae larvae
Elmidae adults
Potamopyrgus antipodarum
Philypnodon breviceps eggs
Terrestrial insects
Terrestrial Lumbricidae
Terrestrial plant material

G. vulgaris
Occurrence

5.5
1.2

„

„

28.2
16.0
51.5
0.6
1.2
1.8
9.2
6.1
3.1
0.6
8.6
1.2
1.8
_
0.6
_
5.5
0.6
0.6
0.6
_

10.4
1.2
0.6

(n = 163)
Points

7.1
2.8
_
_

24.4
14.2
21.3

2.0
0.4
0.8
6.7
1 2
0.8
0
1.6
0.8
0.4
—
0
—
0
0.8
0.4
0
_
_

11.8
2.5
0

P. breviceps
Occurrence

1.3
_
1.9
0.6

19.5
10.4
65.6

1.3
1.3
_
4.5
5.8
_.
_
0.6

0.6
0.6
_
1.3
2.6
_
_

1.3
7.1
—
1.3

(n =154)
Points

0.9
_
0.5
0.5

17.9
9.4

50.7
4.2
0.9
_
3.8
2.3
_
_
0
_
0
0

0
0
_
—
_
0.5
4.2
—
4.2
-

DISCUSSION

The presence of terrestrial insects in the stomachs of Galaxias vulgaris
in the Glentui River indicates that it takes some food iems from the
drift. It has also been shown that in a number of instances the presence
of certain benthic food items in the stomach contents occurred during
times when they were abundant in the drift, particularly during the
early part of the night (Fig. 3). Similarly, Elliott (1970) and Jenkins
et al. (1970), comparing fish stomach contents with drift over 24-h
periods, recorded in the stomachs large proportions of drift organisms
at the same times as they were abundant in the drift. That primarily
visual feeders such as trout are capable of feeding on drift at night is
indicated by the work of Jenkins (1969) and Tanaka (1971). A number
of workers, e.g., Elliott (1965), have shown that occurrence in the
drift is related, at least partly, to the diel feeding patterns of benthic
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TABLE 6—Comparison of the diets of Galaxias vulgaris and Philypnodon brevi-
ceps over a 24-h period using the Kendall rank correlation coefficient (r)

Method of Assessment r Significance Probability

% occurrence 0.3432 1.7831 > 0.05
% points 0.3757 1.9524 > 0.05

invertebrates, so that when animals move on to the upper surface of
rocks to feed, usually at night, they are more susceptible to becoming
part of the drift. Larvae of Deleatidium spp. have been observed feeding
on the upper surfaces of rocks at night in the Glentui River but not
during the day (Cadwallader unpublished 1973). As pointed out by
Elliott (1967), the presence of animals both on the surface of rocks
and in the drift would increase their availability to visual feeders. The
occurrence of such items in the diet of fish may therefore reflect the
general activity of the prey animals, rather than their occurrence in the
drift. In either case the result is the same, i.e., an increase in the
availability of prey to fish which are active in the water column. Mea-
surement of spontaneous locomotory activity of G. vulgaris indicated
that, with the exception of the spawning period (August-September),
open-water activity is generally restricted to the hours of darkness,
the fish spending the daylight hours beneath boulders (Cadwallader
1975). Galaxias vulgaris, being active in the water column mainly at
night, therefore has access to prey organisms both on the surface of
rocks and in the drift.

The feeding of G. vulgaris on the larvae of Nesameletus ornatus is
interesting. Fish took this ephemeropteran in large numbers only at
night, although N. ornatus was not abundant in the drift at night or
at any other time (Fig. 1). Nesameletus ornatus is an extremely strong
swimmer, and since it can maintain itself in conditions such as the
heavy smooth water of rocky channels above waterfalls (Pendergrast
& Cowley 1966), it is unlikely to occur in the drift in large numbers.
The feeding of G. vulgaris on this mayfly may therefore reflect nocturnal
activity in N. ornatus, the ephemeropteran being available as food for
G. vulgaris only when active.

Feeding of Philypnodon breviceps did not coincide with the occur-
rence of food items in the drift. This is shown particularly well in
Deleatidium spp. larvae, which were the major food items for
both G. vulgaris and P. breviceps (Table 5), and were also the
dominant drifting group during the sampling period (n — 1 602). Fur-
thermore, with Coloburiscus humeralis and to a less extent with
Hydropsyche colonica and rhyacophilid larvae, there is a marked nega-
tive relationship between occurrence in the stomach contents of P.
breviceps and occurrence in the drift, so that feeding by P. breviceps
on these animals appears to occur at times when the animals are not
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active in the drift. Also, the gastropod Potamopyrgus and pod arum,
which did not occur in the drift, was found in P. breviceps stomachs.
The data presented here suggest that P. breviceps does not make use
of drift (or associated activity patterns of benthic invertebrates) when
feeding and substantiate the findings of Hopkins (1970) who reported
that P. breviceps searches for food on the stream bottom.
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