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SUMMARY

The stomach contents of a sample of 89 brown trout

and 85 rainbow trout from seven reaches in the lower
Waitaki River and from the two major tributaries
(Hakataramea and Maerewhenua Rivers) were

examined. Overall, molluscs (chiefly Potamopyrgus

and Physa) and caddisflies formed the bulk of the diet

of trout sampled from the lower Waitaki. However,

some differences in trout diet between different reaches

were apparent and these seemed to reflect the localised

abundance of particular food types. There also

appeared to be a general relationship between the size

of trout and the abundance and/or quality of the food
supply and the habitat available. The diet of trout from

the tributaries was typical of that reported from other

New Zealand rivers, with cased caddisflies and mayflies

predominant.

It is suggested that differences in the diet between

rainbow and brown trout resulted primarily from the

two species foraging in different habitats, and that

behavioral differences in foraging were probably of
secondary importance.

Adequate food-producing habitat should be provided in
any proposed residual river, together with sufficient
habitat to satisfy the differing requirements of the two
trout species. Food abundance for trout in a residual

river is likely to be greater in localised areas, such as in
the upper reaches and at the confluences ofthe tributary
streams. Trout may be larger and/or more abundant in
these areas, which would probably provide the best

angling opportunities.

1. INTRODUCTION

The lower Waitaki River supports large populations of
quinnat salmon (Oncorhynchus tshawytscha), brown
trotú (Salmo trutta), and rainbow ttout (Oncoþnchus
ntykßs), which provide outstanding recreational sport

fisheries, as well as significantpopulations of native fish

species (Wing 1978, Deverall 1986). With the prospect

of major hydro-electric power development on the lower
rü/aitaki River (McColl and Natusch 1982) the (then)

Fisheries Research Division of MAF (now the

Freshwater Fisheries Centre (FFC) of MAF Fisheries)

undertook studies to assess the river's fisheries

resources and to make recommendations concerning

their conservation in a residual river (Graynoth et aI.

1981, Graybill et al. 1988).

This report presents the results of a study ofthe diet of
adult brown and rainbow trout that inhabit the lower

Waitaki River system. The primary objective of the

study was to determine the composition of the diet, to

add to our knowledge of the general ecology of trout in
the system. A secondary objective was to evaluate any

implications from the study concerning the food

requirements of trout in a residual river.

2. STIJDY AREA

Trout were captured in seven reaches of the lower
Waitaki River and from the Hakataramea and

Maerewhenua Rivers. A general description of the

characteristics of each of these areas is outlined below.

2.1 Lower Waitaki River

The lower Waitaki River is a large (mean flow 364

m3/s¡, braided, east coast river which enters the Pacific

Ocean about 20 km north of Oamaru (Fig. 1). The

upper river (i.e., upstream of the Waitaki dam) has

been modified extensively for the generation of
hydro-electric power, which regulates the flow regime

in the lower river. Regulated flows, together \¡/ith the

development of extensive growths of willows along the

banks and in scattered areas within the river bed, have

resulted in a greater degree of channel stability in the

lower Waitaki River than is typical in other large

braided rivers, such as the Rakaia River. The regulated

flow also has decreased flushing effects in the lower
Waitaki, so that substrates become coated by silt (Kirk
1e83).

Other features of the Waitaki catchment are outlined in
a report by the Waitaki Catchment Commission and

Regional Water Board (1982) and information on fish

and bird populations is de'scribed in Graynoth er aL

(1981) and Robertson et al. (1984), respectively.

2.1.L Study Reaches

2.l,l,l Kurow

Trout were captured from braids mostly on the south

bank of the river in the vicinity of Kurow township,

which is about 6 km downstream of Waitaki dam

(Fig. 1). In this reach of the river, the channel is not

extensively braided and some channels are relatively

stable. Upstream of Kurow the river is more or less

confined to one channel.

tr'reshwater Fisheries Centre



FIGIIRE 1. The lower Waitaki River and tributaries, showing localities mentioned in the text.
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2.1.1.2 5 m3/s and 10 m3/s I)emonstration Channels

These two channels form part of an interconnected

network of five relatively stable channels (nominal

flows ranging from 5-30 m3/s) located on the north

bank of the lower Waitaki River opposite Duntroon

township (Fig. 1). The 5 m3/s channel was 1500 m

long, had a mean width of 19.6 m, and a mean flow of
1.8 m3ls. Riparian vegetation consisted of dense stands

of willow which overhung the channel in most places.

The 10 nni/s channel was 2350 m long, with a mean

width of 23.5m and a mean flow of 4.7 Ñls. The

channel was not as heavily covered by willows as the

5 m3ls channel, and had extensive weed beds in slower-

flowing, silty-bottomed reaches. Both channels were

used for various fisheries-related studies by MAF
Fisheries, and a more detailed description of their

physical characteristics can be found in Palmer (1987).

Trout examined for analysis of stomach contents were

captured throughout the length of the 5 m3/s channel,

and from the upper halfofthe l0 m3ls channel.

2.1.1.3 Duntroon

Fish were captured from braids on the south bank of the

lower Waitaki River in the vicinity of Duntroon

(Fig. 1). In this location the river channel was

extensively braided and unstable, with a few clumps of
willows.

2,1.1.4 Wilsons Road

This area of the river included ai Y'm reach extending

downstream from Wilsons Road to about Ferry Road

(Fig. 1). The river in this area was braided, had

numerous islands, and a number of large backwaters.

Willow trees were common, with some very dense

stands on the margins of the south bank channel.

2.1.1.5 State Highway One (S.H.l) Bridge

This reach included an area about 1 km long, extending

upstream and downstream of the S.H.l bridge at

Glenavy (Fig. 1). In this reach, the river was confined

to a few, large, relatively stable channels. The major

channels on the north and south bank were protected in

places by groynes and boulders, which created good

holding pools and swirl pools where trout and salmon

were caught.

2.1.1.6 Waitaki Lagoon

The Waitaki lagoon (Fig. 1) is an area of ponded water

that usually extends about 0.5 km upstream ofthe river
mouth and northwards for about 1.5 km in a nalro\¡r''

fingerJike extension behind a gravel bar. The lagoon

rises and falls about O.67 m with the tidal cycle (Young

and Jowett 1982). Surface water in the lagoon is fresh,

whereas the bottom layer of water is brackish in some

places. Trout analysed for stomach contents were

captured in the narrow, northern area of the lagoon.

2.1.1.7 Waitaki River Mouth

Sea-nrn brown trout were captured in the reach that

inclucled the area on the south bank extending about

100 m upstream from where the river enters the Pacific

Ocean. The river in this area was deep (around 4 m)

and swift flowing (except at high tide); the bed was

highly mobile and composed of gravel and cobbles.

2.2 Hakataramea River

The Hakataramea River is the largest of the lower
Waitaki's tributaries, with a mean flow of 6.0 d/s'
The river is 62.4 km long and enters the lower Waitaki

River on the north bank opposite the town of Kurow
(Fig. 1). The river supports an abundant and diverse

fish fauna (Wing 1978) and is of considerable

importance as a salmon and trout spawning area. The

Hakataramea is one of the most popular trout angling

rivers in the district (Teirney a al. 1982). Densities of
trout have been estimated to range from 10/km to
l4olkm (Jowett and Richardson 1989).

Trout used in the analysis of stomach contents were

captured in the lower I km of the river in the vicinity
of Hakataramea townshiP.

2.3 Maerewhenua River

The Maerewhenua River enters the lower Waitaki at

Duntroon (Fig. 1) and has a mean flow of about

3.4 m3/s. It is an important spawning area for brown

and rainbow trout. The Maerewhenua River provides

good trout fishing, particularly in the upper reaches

where large rainbow trout Q-a kÐ are frequently

caught by anglers. Densities of trout have been

estimated to range from 0 to 13/km (Jowett and

Richardson 1989).

tr'reshwater Fisheries Centre



Trout used in the analysis of stomach contents were
captured in the middle reaches, about 14 km upstream
of the confluence with the lower Waitaki River.

3. METIIODS

3.1 Collection of Samples

The stomach contents of a sample of L74 adult brown
and rainbow trout from the lower Waitaki River and the
two major tributaries (Hakataramea and Maerewhenua
Rivers) were examined. Trout used in the analysis
were captured from 1983-1986. Most of the fish (106)
were sampled during spring and summer 1986. One
hundred and forty-five adult fish (comprising 83 brown
and 62 rainbow trout) were sampled from reaches
within the lower Waitaki River, while the remaining 29,
comprising six brown and 23 rainbow trout, were
obtained from the tributaries. Of the 174 fish
examined, 150 were captured using angling techniques
(nymph, dry fly, spinner, and worm). The remainder
were caught in gill and seine nets, or by electric
fishing. All fish (with the exception of some sea-run
brown trout caught at the mouth) were obøined during
daylight hours.

3.2 Analysis of Stomach Contents

After fish had been measured, the stomachs were
removed and preserved, usually in either 7O% ethanol
ot lOTo formalin, until they could be processed (usually
within two weeks). Some stomachs were preserved by
ftæzing; this did not result in loss of recognition of
soft-bodiedinvertebrates present in the stomach. A few
trout stomachs were analysed in the laboratory while
fresh. The general procedure for analysis was an initial
visual assessment of stomach frrllness, based on the
degree of distension of the stomach. Fullness was rated
on a scale from 0 to 10, 0 being empty or no visible
distension and 10 representing full distension.

Stomachs were opened and the contents flushed into a
large, white, sorting tray. Stomach items were
identified and counted. Percentage composition and
percentage occurrence of items in stomachs were
calculated for each of the study areas, for the lower
'Waitaki reaches combined, and for the tributaries
combined.

4. RESI]LTS

4.1 Lower Waitaki River

4.1.1 Kurow

The diet of brown and rainbow trout was dominated by
larvae of the net-spinning caddisfly Aoteapsyche
(Table l). Molluscs (mainly Potamapyrgøs)formedthe
next most important prey items for both species of
trout, though they were of greater ielative importance
to brown trout, where they comprisd 16.97o of the diet
(c.f.2.2% for rainbows). Terrestrial insects (including
Coleoptera) formed the next most important food for
both trout species.

Brown and rainbow trout from the Kurow area were the
largest fish sampled from the lower Waitaki River and
the tributaries, with the exception of sea-run brown
trout. The fish examined were in good condition and
extensive fat deposits were observed around the guts of
most fish. As in other reaches of the river, mean
stomach firllness of rainbow trout exceeded that for
brown trout.

4.1.2 Demonstration Channels

4.1.2.1 5 m3/s Channel

The caddisfly Aoteapsyche (comprising58.4%) was the
most abundant item in the diet of brown trout (Table 1),
but this wris a consequence of one fish which contained
over 1200 early instar Aoteapsyche larvae. Excluding
this specimen from the sample, the molluscs
Potamopyrgrs and Physa were the most abundant,
followed by þcnocentodes and, to a much lesser
extent, other species of caddis. Stomach fullness both
of brown and rainbow trout in the 5 m3ls channel was
greater than that for trout sampled in other reaches of
the river. With the exception of the Kurow and Waitaki
River mouth samples, trout taken frorr the 5 m3ls
channel also were larger than those sampled in other
reaches of the river.

4.1.2.2 10 m3/s Channel

Potamopyrgus and Physa (comprising 44.6% and
43.8%, respectively) dominated the diet of the 12
brown trout examined from this site (Table l). The
caddis þcnocentria (comprising 5.47o) was the next
most abundant food item. With the exception of
salmonid ova, all remaining food items together
contributed less than 3% of the diet. Mean stomach

Freshwater Fisheries Centre



TABLE 1. percentage composition and percentage occurrence of food items recorded in brown 
"od 

,"iobo* t orrt

stomachs from four of the lower Waitaki River sites.

Food item

Kurow
R¡inbow Brown

Comp. Occur. Comp. Occur.

Duntroon
Rainbow Brown

Comp. Occur. Comp. Occur.

l0 mr/s
5 m3/s channel chennel

Rainbow Brown Brown

Comp. Occur. Comp. Occur. Comp. Occur.

Mollusca
Gyrøulus
Potanopyrgus
Physa

Lymnaeø

Paracalliope
(amphipod)

Trichoptera (caddisfl ies)

Aoteøpsyche larvæ 96'5

0.6 3.8
I .8 E.0 13.0 I I .5

0.2 4.0 3.2 19.2

0.2 20.0 0.7 15.4

0.E
8.1

0.8

5.2

20.0 4.1

20.0 53.2

20.0

60.0

25.0
25.0

õ.r roo.o
0.9 75_.O

1.5 25.O

0.6 50.0

16.7
66.7
66.7

16.7

. 16.7

0.6 33.4

..- 
".:

0.3

2185

6.3

ó

33.3

58.4 50.0
r 16.7

2.2 50.0
0.3 16.7

9.4 83.3

L6 100.0

o.2
44.6
o,-.'

16.0

':.0

0.6

o.4
0.4

5.4
0.5

8.3
66.7
75.O

8.3

Oxyethira lawae

Coleoptera @eetles)
Hymenoptera (bees)

Other

Fish

Gobiomorphus sp.
(bullies)

Oncorhynchus
(uvenile salmon)

Salmonid ova

Number of food iæms

Mean stomach fullness

Number of fish

Mean lenglh (mm)

+ I S.E.

o.2 15.4

I .4 15.4

i' ':o

4.4 60.0

0.2 20.0

0.6 40.0

5.0 60.0
67.7 40.0
0.4 40.0

33 250

e0 250

20.5 25.0

5.7 50.0

0.2 25.0
r 25.0

20.7 100.0

,1.0 
'1.0

r 25.0

t 250

0.7 25.O

1978

8.8

4

8.3

26.7
26.7

5E.3

16.7

4.5 E.3

1830'

5.0

t2

9ó.0 79.4 100.0 5.0 100.0 4.t 50.0

Hydrobiosis la*ae ' 8.0

Neurochorema lawae

þcnocenlria lawae

þcnocentrodes larvae -
Olinga la*ae + 4.0

Ephemeroptera (maYfl ies)

Deleatidium lawae

Megaloptera (dobsonfly)
Archichauliodes larvae -

Elmidae larvae (beetle)

Olher aquatics + 4.0

Terrestrials
0.8 8.0

o.2 20.0

0.2

3.8

3.8 50.00.3

8.3

8.33.8t4

50.02.1

8.30.53.84.0

5.6

25

4.3 7.6

264

6.3

4

475.1irg,|4EE'4t12.0330.5t27.3399.0t52.6455.E+23.9444.8t|4.9398.4i2E.9

not recorded.
* = <0.1%.
# : data are for 1l fish only.

S.E. = standard error.

Freshwater Fisheries Centre



10

fullness and size of trout were less than those recorded
for brown trout sampled in the 5 m3/s channel.

4.f .3 Duntroon

The molluscs Plrysa and Potarnopyrgzs together formed
a major part of the diet of brown trout and were the
most abundant food items found (Table 1).
Hymenoptera, Deleatídíum, juvenile salmon,
Aoteapsyche, and þcnocentr¡a comprrsed the remainder
of the diet.

Hymenoptera (consisting of willow grubs and bees)
formed the bulk of the diet of rainbow trout. This
result was complicated, however, by one fish which
contained over 34O willow grubs and biased the result
in favour of Hymenoptera. If this fish was excluded
from the sample, then molluscs became the most
important prey item in the diet (as was the case for
brown trout). Paracalliope, Aoteapsyche, Deleati^dium,
terrestrial Coleoptera, and þcnocentríawere the other
major items occurring in the diet.

4.1.4 lVilsons Road

The mollusc Physa (which occurred in all trout
stomachs), followed by Potamopyrgrs, dominated the
diet both of brown and rainbow trout in this reach
(Table 2). Brown trout had a higher proportion
(84.77o) of Physa in the diet than rainbows (46.2%).
After molluscs, various caddisflies (including
þ c noc entria, þcnoc entrodes, and Aoteapsyche) werc
the next most abundant items in the diet both of brown
and rainbow trout. Items of minor importance included
Elmidae, Deleatidíum, terrestrial insects,
Archichauliodes, and a bully (Gobíomorpåøs sp.). In
this reach, rainbow trout were slightly longer than
brown trout, but mean stomach fullness was similar for
both species.

4.1.5 S.H.l Bridge

As at Wilsons Road, molluscs comprised most of the
diet of both species of trout in this reach (Table 2),
constituting over 99% of the diet of brown trout and
58.8Vo of the diet of rainbow trout. Caddisflies were of
moderate importance in the rainbow trout diet and
occurred in 66.77o of stomachs. Items in the diet that
occurred infrequently and in small numbers included
Deleatidium, terrestrial Coleoptera, Odonata, and
Olinga.

Trout sampled in this reach were similar in size to those
sampled at Wilsons Road. Mean stomach firllness for
rainbow trout was 6.8, over twice the mean fullness of
brown trout (3.2).

4.1.6 \ryaitaki Lagoon

The mollusc Potamapyrgrs made up the bulk of the diet
of rainbow trout sampled in the lagoon (Table 2).
Flounder bones and elmid larvae (contributing 20.O7o
and. 18.'lVo, respectively) were the next most abundant
items in the diet, followed by larvae and pupae of the
midge Chironomas zealand.ícus, Oryahira larvae,
terrestrial Coleoptera, bullies (Gob io morpåzs sp. ), smelt
(Stokellia anßodon and Retropinno retropinnø), and the
sea tulip þura.

Flounder bones, followed by Potamopyrgus,

þcnocentria, and. þcnocentrodes, were the most
abundant food items recorded in the diet of brown trout.
Food items of minor numerical importance included
Physa, Elmidae, terrestrial Coleoptera, and þura.

4.1.7 Waitaki River Mouth

Trout captured for stomach analysis at the Waitaki
River mouth were all sea-run brown trout and were the
largest fish sampled during this study (mean length
525 mm). The diet was composed entirely of smelt
(mostly Stokell's smelt, Stokellia anßodon), with the
exception of one trout that contained a stargazer
(Leptoscopus sp.) (Table 2).

4.f.8 All Reaches Combined

For both species of trout, molluscs constituted a major
part of the diet, 54.87o in brown trout and 35.8% in
rainbow trout (Table 3). In the latter, however,
Trichoptera (39.7Vo) comprised a slightly larger
proportion of the diet than did molluscs. For brown
trout, although still an important taxon in the diet,
Trichoptera comprised only 25.37o of the sample food
items.

4.2 Tributaries

4.2.1 Hakataramea River

Deleatidium larvae (43.8Vo) were the most abundant
food item recorded in the diet of brown trout and
occurred in 83 .3% of the stomachs examined (Table 4).
Caddisflies made up the bulk of the remainder of the

Freshwater Fisheries Centre
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TABLE 2. Percentage composition and percentage occurrence of food items recorded in brown and rainbow trout

stomachs from four of the lower Waitaki River sites.

Food item

Wilsons Road

Rainbow Brown
Comp. Occur. Comp. Occur.

S.H.l bridge
Rainbow B¡own

Comp. Occur. Comp. Occur,

Waitaki
Waitaki lagoon mouth

Rainbow Brown Brown
Comp. Occur. Comp. Occur. Comp. Occur.

Mollusca
Gyraulus
Potamopyrg*s
Physa

Lymnaea

þarø (sea tulip)

Flounder bones

2.5 28.6
44.8 71.4
46.2 100.0

42.9

28.6
28.6

t4.3

tc.l -
t6.7

0.3 25.0
8.8 66.1 53.0 83.3

84.7 100.0 0.9 50.0
4.6 41.7

o.7 20.0
82.7 60.0 49.0 50.0 20.0
tl.z 80.0 6.2
4.8 10.0

Trichoptera (caddisfl ies)

Aoteapsyche lawae I.5
Oxyethira lawae
Neurochorema lawae

ffcnocentría lawte 0.5

þcnocentrodes larvae 1.5

Olinga lawae

Ephemeroptera (mayfl ies)

Deleatidium lawae 1.2

Chìronomus larvae and -
pupae (midge)

Megaloptera (dobsonfl y)
Archíchauliodes lawae -

Elmidae larvae @eetle) l.l

Odonata larve (damselfly) -

Other aquatics 0.1

Terrestrials
Coleoptera (beetles)

Other +

Fish

Gobiomorphus sp.
(bullies)

43

02

1.8

0.,
2.3

1.0

t6.1

16.7 3.4
33.3 34.4

66.7

66.7

8.3

8.3

30.0

30.0 2.5
10.0

- 16.3

t67

334

+

6.4 oã.0 i.t t67

57.1

28.6

14.3

8.3

16.7

t6.7

t6.1

33.3

- 0.1

16.7 +

t6.7

- 18.7

- 0.1

- 0.7

60.0 6.3

30.0 2.5

r:.0 2-.s

30.0

20.0

16.7

t6.7

33-.4.--

- 99.6 92.3Re tro pi nna / S t o l<e I li a
(smelt)

Cheímanìchthys
(torrentfish)

0.5r0.0

6.3

l3

525.E

3.2

10

365.9

0.4 7.7Leptoscopus (stargazer) -

* 10.0

+ 20.0 1.3 16.7

20.0 60.0 26.5 33.4

Mean stomach fullness 4.3

Number of fish 7

Mean length (mm) 346.3 t 13.5

t l s.E.

ó.8

t2

t0.2 365.1 t 16.5

4.0

6

330.8 f

5.3

t0

3.3

6

t 20.2 360.5 t 15.0 327.5 + l4.l + 21.8

not recorded.
* : <0.1%.
S.E. = standard error.
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TABLE 3. Percentage composition of food items in the diet of trout from lower Waitaki reaches combined and
tributaries combined.

Food category
Brown
trout

Lower Waitaki reaches

Rainbow
trout All trout

Brown
trout

Tributaries
Rainbow

trout All trout

Mollusca
Trichoptera
Ephemeroptera
Terrestrial
Fish
Other+

Number of f¡sh

1.4
60.7

24.9
9.2
0.2
3.6

29

2.4
49.2

45.3
0.6
0.5
2.0

6

54.8
25.3

1.2

3.1

t3.2
2.4

83

35.8
39.7
5.7

t2.5
1.2
5.1

62

44.5
31.7
l.l
7.1

7.7
7.8

145

0.9
ó6.5

15.4

2.7
0.1

t4.4

23

* - mainly larvae of Elmidae, Chironomidae, and plecoptera.

diet, with Olinga being the most abundant. Other
aquatic insect larvae of minor importance included
Stenoperla and Archichauliodes. A few terrestrial food
items, including Hymenoptera, were recorded.

Caddisflies comprised most of the diet of rainbow trout,
with rycnocentodes (30.7%)being the most abundant.
Deleatidiutn larvae made up 2I.9Vo of the diet and
occuned in 83.3% of stomachs. While Odonata
occurred in the stomach of only one of the 12 fish
examined, the large number eaten (over 200) brought
the percentage composition figure up to 17 .5%, making
Odonata the third most abundant taxon in the diet.
Other taxa of minor importance included elmid larvae,
Potamopyrgus , Stenoperla, and Archíchauliodes. Mean
stomach fullness both for brown and rainbow trout from
the Hakataramea was greater than that recorded from
most other sampling areas in the Waitaki River.

4.2.2 Maerewhenua Riyer

Olinga and þcnocenîodes (comprising 63.67o and
II.2%, respectively) comprised the bulk of the diet of
the rainbow trout sampled. Deleatidiumlarvae (B.BVo)
were the next most abundant food item. Apart from
Olinga and þcnocentrodes, other caddisfly larvae
(Aoteapsyche, Hydrobinsls, and þcnocentria) and the
aquatic larvae of Diptera, Coleoptera, stoneflies
(S t enop erla), and dobsonfl ies (Archichauliodes) to gether
formed about 5.0% of the diet. Terrestrial food items
þredominantly Coleoptera and Hymenoptera) comprised
about 10.0%.

Rainbow trout sampled in the Maerewhenua River were
in good condition, of large size, and had a high mean
stomach fullness value (8.3).

4.2.3 Tributaries Combined

Considering both trout species together, Trichoptera
(û.7%) clearly dominated the diet (Table 3), followed
by Ephemeroptera (24.9 7o),terrestrial (9.27o), "other"
(3.6%), molluscs (I.4%), and fish (O.27o). However,
the diets of the two trout species appeared to differ
somewhat. While Trichoptera dominated the diet of
both species combined, they comprised a larger
component in the diet of rainbow trout (66.57o) than in
brown fiout (49.27o). Ephemeroptera were the next
most abundant food item in the diet of both species
combined, but were of much greater importance for
brown trout (45.3%) than for rainbow trout (l5.4Vo).
Food items in the "other" category (e.g., elmid larvae,
stoneflies) made up 14.47o of the rainbow trout diet
(c.f .2.O% for brown trout) and were the most abundant
food items after Ephemeroptera, whereas molluscs
(comprising 2 .47o)were next in abundance in the brown
trout diet. Because the sample of brown trout obtained
from the tributaries was small (six fish), these results
shouldbe interpreted with caution because they may not
truly represent the diet of brown trout in the tributaries.

5. DISCUSSION

5.1 Diet Composition in Study Reaches

Adult brown and rainbow trout are predatory carnivores
that feed opportunistically on a wide range of foods
derived from both aquatic and terrestrial ecosystems
(Frost and Brown 1967). New Zealand studie.s (Phillips
1929, Allen 1951, Burnet 1969, Mclennan and
MacMillan 1984, Witherow and Scott 1984) have
shown that adult trout inhabiting rivers and streams feed
predominantly on the larvae of aquatic insects, with
species of caddisflies and mayflies being the most

F'reshwater Fisheries Centre



l3

TÀBLE 4. percentage composition and percentage occurrence of food items recorded in brown and rainbow trout

stomachs from the Hakataramea and Maerewhenua Rivers'

Food iþm

Hakataramea

Rainbow trout
Comp. Occur

B¡own trout
Comp. Occur.

Maerewhenur
Rainbow trout

Cornp. Occur.

Mollusca
Potømopyrgus
Pþsa

Trichoptera (caddisflies)

Aoteapsyche lawae
Oryethiralz*ae
þdrobiosís lawæ
Neurochoretna laflae

þcnocentría laone
þcrtoccntrodcs lawae
Olinga lanrae

Ephemeroptera (m¡Yfl ies)

Deleøtidium lawae

Plecoptera (stoneflies)

Stenoperla laa*ae

Megaloptera (dobsonfl Y)

Archichaulíod¿s laryae

Elmidae lawae @eetles)

Odonata lawae (damselfl Y)

Other aquatics

Terrestrials
Coleoptera (beetles)

Hymenoptera @ees)
Other

Fish
Gobìomorphus sP. (bullies)

Salmonid ova

Mean stomach frrllness

Number of fish

Mean lengúr (mm) t I S.E.

o.7

3;l
0.2
0.5
1.3

7.2
30.7
t2.9

2t.9

1 l

8.3

66 .7
2.0
2.O
3.3
4.7
7.O
6.7

E3.3

50.0

66-7

16.7

16.7
83.3
83.3

E3.3

50.0

33.3

0.2 16.7

2.2 16.7

9.11.1

9.1
9.1
9.1

54.6
86.6

1.0

0.1
I

0.3
tt.2
63.6

i,
4.4

36.7

43.E

1.5

1.0

4.4

0.5

E.8

6

342.3 t

It.2

36.4

9.1

9.1

45.5

El.t
9.1
u.t

9.1

63.ó

0.7

0.5

+

2.7

4.5
4.t
0.9

a

8.3

ll

0.4

o.2
0.4

0.5

0.5 58.3

0.5 4r.7

17.5 8.3

0.4 33.3

8.31.0

7.3

t2

16.7

t6.7
13.4

33.3

360.5 È 20.9 10.1 434.4 t 34.7

not recofded.
+ = <O.l%.
S.E, = standard error.

common food items. Terrestrial insects (e.g., beetles,

cicadas, dipterans) and the emerging adults of aquatic

insects often fe¿ture importantly in the diet in warmer

months. Overseas studies (fhomas l962,F;lliot 1973\

have described invertebrate-dominated diets resembling

those reported for New Ze*rland trout. In some rivers

where forage fish are abundant, these also have been

shown to be important in the diet (Jenkins 1969' Lind

1978).

Results from this study show that, with the exception of
the exclusively piscivorous sea-run brown trout sampled

at the river mouth' benthic macro-invertebrates formed

the bulk of the diet of trout. However, the proportion

that individual invertebrate taxa comprised in the diet

showed considerable variation between sampling

stations. This was simply a consequence of the

differential availability of the various food iæms in the

different areas sampled (Phillips 1929, McDowall
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1984). For example, the very high proportion of
Aoteapsyche in the diet of trout sampled at Kurow can
be attributed to the large populations of this filter-
feeding caddis in the upper reaches of the river
(personal observation and G. Hughes, pers. comm.).
By trapping food particles in its net, Aoteapsyche is able
to exploit the abundant supply of suspended food
derived from I:ke Waitaki. The abundance of
Aoteapsyche probably accounts for the large size, good
condition, and abundance of trout in this area. High
densities of large trout reported at other New Zealand
lake outlets (e.g., I:kes Wanaka and Sumner) (Jowett
and Hicks 1985) also could be the result of an abundant
supply of Aoteapsyche lawae. Overseas studies have
shown salmonid biomass at lake outlets to be up to four
times greater than that of reaches further downstream
(Gibson and Galbraith 1975).

In the reaches sampled between Kurow and the Waitaki
lagoon, molluscs and cased caddisflies dominated the
trout diet. Aoteapsyche generally did not feature
importantly in the diet in these downstream reaches,
presumably because of its decreased abundance owing
to a diminished supply of suspended food (see Freeman
and Wallace 1984) and less stable substrate conditions.

Like the diet of trout sampled at Kurow, the exclusively
piscine diet of sea-run brown trout at the mouth
reflected the availability of a relatively localised and
abundant food source which the trout were able to
exploit. Although smelt were the dominant food item
in the diet of trout sampled at the mouth, other forage
fish (such as mullet and whitebait) feature importantly
in the diet at other times of the year (personal
observation). Qther New Zealand authors (e.g.,
McDowall 1978, 1984) have noted the importance of
fish in the diet of sea-run trout.

It is of interest that forage fish comprised only a
relatively small proportion of the diet of trout from the
Waitaki lagoon. This, and the fact that large quantities
of flounder bones and a few sea tulips (þzra) (which
are unusual trout foods) occurred in the samples,
suggest that forage fish such as smelt were scarce (at
least at the time that the fish were sampled). Flounder
bones, which occurred in the diet of û% of the
rainbow trout and 33% of the brown trout, presumably
were scavenged off the bottom from de¡omposing
flounder carcasses. It is suspected that the dead
flounders were undersized or unwanted fish thrown
back by net fishers. It seems doubtful that either
scavenged flounder carcasses or sea tulips (which are
tough and leathery) would contribute much in the way
of net energetic benefit to trout.

Eldon and Greager (1983) reported that the diet oftrout
in the Rakaia lagoon was dominated by smelt, with
some invertebrates, such as the mollusc Potamopyrgus
and amphipods, being noted. Potamopyrgrc was the
most important food item in the diet of rainbow trout in
the Waitaki lagoon and of a lesser importance in the
diet of brown trout. As reported for the Rakaia lagoon
(Eldon and Greager 1983), Potannpyrgrs also were
abundant in the Waitaki lagoon and probably represent
a permanent food resource for trout, whereas smelt and
othpr forage fish may show considerable variation in
their abundance depending on environmental conditions
and time of year. I-ane (1964) also found that molluscs
dominated the diet of adult brown trout in the Hinds
River lagoon.

5.2 Comparison \üith Other New Zealand
Rivers

Overall, molluscs were the dominant food item of adult
trout for the lower Waitaki reaches combined. This
finding differs from that reported in other New Zealand
rivers and streams (e.g., Allen 1951, Mclennan and
MacMillan 1984, Witherow and Scott 1984) where adult
trout fed predominantly on the larvae of caddisflies and
mayflies, which frequently dominate benthic
invertebrate faunae. The explanation forthis difference
is probably related to the impact of impoundment on the
lower Waitaki River, which has created conditions
favouring the proliferation of molluscs (and some caddis
species) whereas mayflies have been affected adversely
(Rutledge 1987). Elmid larvae also are abundant in the
lower Waitaki River (Rutledge 1987, Palmer et al.
1989) but they are not readily available to trout because
they live within the substrate (see Allen 1951, rüitherow
and Scott 1984). By contrast, molluscs and caddisflies
are more accessible to trout and can easily be picked off
the substrate surface.

The diet of trout in the lower Waitaki tributaries
conformed to the typical pattern reported in other New
Zealand, rivers, with caddisflies and mayflies forming
the bulk of the diet. The reason for the higher
proportion of mayflies in the diet of Hakataramea River
trout compared with trout from the Maerewhenua River
is unknown, as a macro-invertebrate sampling
programme (Rutledge 1987) showed mayflies to be
more abundant in the less stable Maerewhenua River
than in the Hakataramea River.

5.3 Interspecific Differences in Diet

Comparison of brown and rainbow trout diets in the
lower Waitaki River (Table 3) shows some interspecific
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differences in the composition of the major food

categories. These differences probably resulted from
the differential availabilrty of foc¡ds in the different

habitats that the two species usually occupy.

It is generally accepted that rainbow trout in rivers
prefer water that is faster and deeper than that preferred

by brown trout (Shirvell and Dungey 1983, Mclennan
and MacMillan 1984). Results of drift diving in the

lower V/aitaki demonstration channels support this

observation (FFC unpublished data). This helps to

explain the greater contribution that molluscs made to

the diet of brown trout, as molluscs prefer quieter water

and are much more abundant in the slower-flowing
channel margins than they are in the deeper, swifter
water. Therefore, they would be encountered more

frequently and available as food to brown trout than

they would be to rainbow trout. By contrast, the higher

current velocities in the water frequented by rainbow

trout would transport and make available to them

greater quantities of drifting terrestrial food and aquatic

invertebrates. This would explain the higher proportion
of Trichoptera, Ephemeroptera, terrestrial, and "other"

food items in the diet of rainbow trout.

The more indiscriminate and active feeding habits of
rainbow trout compared with brown trout (Mylechreest

1978, McDowall 1984) also help to explain why a

greater propolion of food in the "other" category

occurred in the rainbow trout diet. The much greater

proportion of fish in the diet of brown trout overall is

a consequence of the very large number of fish in the

diet of sea-run brown trout.

Other studies of sympatric populations of brown and

rainbow trout in New Zealand (Mylechreest 1978,

Mcl-ennan and MacMillan 1984, McCarter 1986) also

have shown interspecific differences in diet' These

differences were attributed to the two species foraging
in different habitats.

It is inappropriate to draw substantial conclusions about

interspecific differences in diet in the tributaries,

because the sample size of brown trout was small and

browns were obtained only from the Hakataramea

River. However, with the exception of the much larger

proportion of Ephemeroptera eaten by brown trout,

similar trends to those observed in the lower Waitaki

River were evident, with rainbow trout eating

proportionally more food in the "other", terrestrial, and

Trichoptera categories, and fewer molluscs, than brown
trout did.

5.4 Trout Size, Food Supply' and Habitat
Quality

There appeared to be a general relationship between the

size of trout sampled from differentreaches in the lower
Waitaki River and the quality of the food supply and/or

habit¿t available. The largest (mean lenglh 481.8 mm)

river-resident fish (i.e., excluding sea-fl¡n brown trout)
occurred in the most upstream reach at Kurow.
Conditions in this reach that could allow trout to

achieve alarge size include an apparently abundant food

supply (in the form of Aoteapsyche larvae), relatively
stable channel and substrate conditions, and low levels

of turbidity compared with the reaches downstream

(FFC unpublished data). These features îne
characteristic of lake outlet rivers, which often produce

high densities of large trout (Jowett and Hicks 1985).

After the Kurow reach, the next largest trout (mean

length 421.0 mm) were recorded from the

demonstration channels, which in turn were larger than

the trout sampled from the four other mainstem sites

@untroon, S.H.l bridge, Wilsons Road, and Waitaki
lagoon). It is probable that the larger size of trout in the

demonstration channels was related to the superior
quality of the food supply and habitat available to trout
there, compared to the mainstem sites. The protected

nature of the demonstration channels has allowed very
heavy infestation by willows and the development of
large macrophyte beds, which provide extensive cover

for adult trout. The regulated flow regime also has

stabilised substrate conditions in the demonstration

channels, which has favoured the development of a
benthic macro-invertebrate fauna with a density of
around 3000/m2, compared with densities of around

1000/m2 in the mainstem (Graybill et al. 1988).

Therefore, the food supply available to trout in the

demonstration channels is probably greater than that

available at the other mainstem reaches, with the

exception of the Kurow reach.

5.5 Trout Food Considerations in a

Residual River

If planned development proceeds, it is proposed that

fish stocks in the lower \Vaitaki River be conserved in

a managed residual river a fraction of the size of the

present river (Graynoth et al. 1981, Graybill a aI.

1938). The recommended configuration of a residual

river is three dominant channels in the upper portion of
its length, which would merge to form a single

dominant channel with some side braids in the lower

reaches (GraþilI et al. 1988\-
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The ability of a residual river to sustain trout stocks
(astimated at about 20 000 takeable fish) (Graybill et al.
1988) will be dependent to a large degree on there
being an adequate food supply. As in the present
system, benthic invertebrates will form the primary
source of food for trout and other fish species in a
residual river. However, it is probable that the
composition and abundance of the invertebrate
community will differ from that now present in the
lower Waitaki River and will probably resemble that in
the lower Waitaki demonstration channels (Graybill er
øJ. 1988). If this is the case, the density of the
invertebrate fauna in a residual river could be about
3000/m2 (about three times the density in the lower
Waitaki) and consist predominantly of molluscs, elmid
larvae, amphipods, caddisflies (Aryethira, þcnocentia,
and þcnocentrodes) and dipteran larvae, with few
mayflies present. The thick accruals of silt and
periphyton, as developed in the demonstration channels,
may be controlled in a residual river by creating
artificial freshes andfloods as recommendedby Graybill
a al- (1988). If this is possible, the density of the
invertebrate fauna may be fr¡rther enhanced, with a
probable increase in the proportion of caddisflies and
mayflies in the fauna.

The actual composition of trout diet in a residual river
would probably show some local and longitudinal
variations, and the size of trout in some areas may
reflect such variations. As in the present river, it is
probable that the upper reaches of the residual river,
immediately below the intake structure, will contain
high densities of the caddis Aoteapsyche. This may
result in higher trout densities anüor larger-sized trout
occurring there. In the reaches downstream, a mollusc,
cased-caddis, and mayfly dominated diet is more likely.
Where the Hakataramea and Maerewhenua Rivers enter
the residual river, there will be a localised abundance of
food, provided by drifting macro-invertebrates . In these
areas, trout also may be larger anüor more plentiful.

6. CONCLUSTONS

Overall, molluscs and caddisflies featured most
prominently in the diet of brown and rainbow trout
sampled from the lower lVaitaki River. Differences in
the composition of the trout diet between different
reaches in the river were related to the localised
abundance of particular food types. Size differences in
trout betwæn reaches also were apparent, and likewise
probably resulted from differences in the quality of the
food supply and habitat available.

The diet of trout sampled from the tributaries resembled
that reported in other studies in New 7*aland, rivers and
consisted principally of cased-caddis and mayfly larvae.

Interspecific differences in the composition of the diet
of brown and rainbow trout probably were a
consequence of the different habitats that the two
species prefer to forage in. Behavioral differences in
feeding may partly explain interspecific differences in
diet.

Ifa residual river is created to conserve the fish stocks
of the existing river, it will be essential to ensure that
an adequate food-producing ara is provided.
Consideration also must be given to the different habitat
preferences of brown and rainbow trout, and to the
possibility of more intensive interspecific competition
for food and habitat resources in a residual river with a
much reduced flow.
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