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Frontispiece: Two faces of the Styx River. (a) The banks make a convenient place to dump rubbish. (b) A
pleasant rural stream with (here) good riparian fish cover, yet accessible to anglers. Note: the
left foreground bank has been sprayed, but at this time (April 1990) the remaining bankside
vegetation was in excellent order.
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SUMMARY

Fish species diversity in the Styx River system u/as
low, similar to that found in the Heathcote, except
that brown trout in the Styx were common. Trout
may be a limiting factor in the abundance of native
species, particularly the upland bully, which was
very scarce, However, trout provide an excellent
sport fishery for anglers.

The aquatic habitats of the Styx system were found
to vary in condition, from "good" for a limited
reach above the State Highway bridge, to "very
poor" in the lower reaches of Kaputone Stream.
Kaputone Stream was the most polluted habitat,
and had the least fish cover (the banks having been
comprehensively sprayed with herbicides for the
eniire length), but even here there was a
substantial population of shortfinned eels, probably
the least particular of New Zealand's freshwater
fishes.

The overall environment of the Styx is considered
to be at risk from urban development, siltation,
and general misuse. Published invertebrate data
have been analysed, and indicate '¡/ater quality
problems in the middle reaches, which may
originate from Kaputone Stream, but which appear
to have an origin further upstream.

Several recommendations are made, not all of
which are strictly, or solely, of a fisheries nature,
but which have a bearing on fisheries matters in
general and environmental matters in particular.

I. INTRODUCTION

In 1989, the Freshwater Fisheries Centre (FFC) of
MAF Fisheries produced for the Christchurch
Drainage Board (CDB), a report on the fisheries of
the Heathcote River (Eldon et al.1989). The CDB,
which has since been incorporated into the
Christchurch City Council, subsequently
commissioned a fisheries survey of the Styx River
(Fig. l).

As with the Heathcote survey, the objectives of the
Styx work included:

. providing an initial assessment of the summer
distribution and abundance of native and
introduced fish in the catchment, together
with baseline information on fish sizes and
diets;

. a comparison of available trout food with that
recorded in a previous study (Hayes n.d.), to
indicate trends in the quality of the aquatic
environment;

. information on the location of inanga and
trout spawning grounds, and identification of
any particularly vulnerable habitats.

These data will assist in the formation of river
maûagement policies, which should seek to provide
an acceptable balance between channel works,
planning measures, environmental factors, costs,
equity, administrative practicality, and recreational
interests.

The following description of the Styx River is
from the cDB (1989):

"The Styx River traverses the
northern suburbs of the Board's district
and ís the main outlet for the Papanui,
Belfast and Northcote areas. It ís 21 km
long and roughly parallels the
Waimakariri River which ít joins near
its mouth in Brooklands Lagoon. Two
natural tríbutaríes service this river -
Smacks Creek (approximately 2 km
Iong) and the Kaputone Stream (11 km).
AII three branches are spring-fed and
maintain reasonably constant flows
through predominantly rural areas. The
tide-gates just below Harbour Road [sic]
have a major influence on the hydrology
of the lower reaches of the Styx River.
Not only is seawater prevented from
penetratíng much above site 4I but the
impedance offered to the river water
during each flooding tíde ensures that a
(freshwater) tidal regime ís maíntained
almost up to Marshlands Road where
loy-flows average between 1.5 and 2.0

^3/r."
The CDB's (1989) report distinguished between
"natural tributaries" (Smacks Creek and Kaputone
Stream) and "many man-made drains". We
consider the difference to be one of size and
modification. The drains (Figs. 2 and 3) mainly
carry spring water, and must always have provided
an aquatic habitat, even if the flow was formerly
dispersed through wetlands.

Freshwater Fisheries Centre



FIGURE l. The Styx catchment showing sampling sites and localities referred to in the text.



FIGURE 2. A natural small tributary entering
Road bridge.

2. METHODS

The techniques used to sample fish in this survey
followed those of Eldon et al. 1989, with the
following exceptions. Greateruse was made of a
generator-powered electric fishing machine in lieu
of the battery-powered machine used on the
Heathcote. Consequently, the electric fishing team
was larger, as a "safety person" was required to
stand at the generator. The use of gill nets was
precluded by the great quantity of drifting algae,
and reliance had to be made on fyke nets. While
these work well for some species of fish, they are
poor at catching others, such as smelt.

As a major fish kill occurred in Kaputone Stream
during the survey, a second visit was made to the
downstream sampling site on this stream to assess

the extent of the kill. (Data from the second visit
are excluded from all abundance and presence/
absence calculations presented in this report, unless
otherwise stated.)

Fish required for stomach contents analysis were
collected during a special trip for that purpose,

the Styx River on the true left bank above Styx Mill

rather than during the general population survey.
The reasons for this were that fish required for
stomach analysis should be captured quickly to
prevent them frorn obtaining food organisms
disturbed by electric fishing, and they should be
killed immediately to halt digestion of food. In the
distribution and abundance surveys, f ish were
retained alive until fishing was over, and were then
released when the data had been recorded.

The sites fished are listed in Table 1 and their
locations are indicated in Figure 1. Site numbers
follow those used by the cDB (1980, 1989). Visual
observations only were made at a few other CDB
sites.

An attempt was made to obtain trout stomachs
from anglers by leaving circular letters with two
landowners on a favoured angling reach. The
letters, intended for distribution to anglers seeking
access to the river, requested the recipient to keep
the stomachs of any trout caught, and to notify
staff at the FFC. Samples of scales from some
trout caught by electric fishing were retained and
used for age assessment.

Freshwater Fisheries Centre
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FIGURE 3. A boxed drain which enters the
Styx River along Marshlands
Road.

The condition f actor of trout was calculated
following Hayes (n.d.), from the standard equation

--AWI\-_--Ð-
L\)

where A is a constant selected to give a convenien!
result (when using metric measurements, A = 104

for trout), W = weight in grams , and L = length in
cm.

Between 6 June and 6 July, surveys were made on
foot to locate trout spawning areas. Numbers of
trout and redds (nests) were counted during each
visit, with utilised reaches being surveyed up to
four times. Reaches surveyed were: mainstem
from Claridges Road to a point 500 m below the
railway bridge; Smacks Creek from above
Gardiners Road to the confluence with the
mainstem; reaches of three minor tributaries of
the mainstem on the true right bank between
Smacks Creek confluence and State Highway (S.H.)

l; Kaputone Stream west of S.H.l (0.2 km), in the
vicinity of Blakes Road (0.2 km), upper Belfast
Road (0.1 km), Factory Road (0.5 km), Guthries

Road (0.4 km), and from Ouruhia to lower Belfast
Road (1.2 km).

In summer and autumn, long hours of observations
were made at the tide gates and at potential inanga
spawning sites to determine where inanga spawned.

"V"-wing fyke nets were set in lateral drains to try
and intercept breeding shoals moving to or from
the spawning grounds.

To facilitate comparisons between the fisheries of
the Styx and Heathcote Rivers, some of the
Heathcote sampling sites were resampled for
comparison with the data from 1989 (Eldon e¿ a1.

I 989).

In addition to analysis of our own data, we
examined in detail the published data on macro-
invertebrates (CDB 1989). The data are qualitative
rather than quantitative, and taxa were recorded at

each site as "absent", "very few", "present in
moderate numbers", or "abundant". We assigned
numerical values of 0, l, 3, and 5 to these ratings,
and plotted the values at each sampling site for
those taxa which had a broad longitudinal
distribution in the Styx. We then smoothed the
data using a seven-point moving average, a

technique which reduces fluctuations but indicates
trends. We also produced macro-invertebrate
community (MCI) values (Stark 1984) from the
CDB data.

3. RESULTS

3.1 Preferred Habitats

Eleven species of fish were recorded during the
survey (Tables 2 and 3). Five species (shortfinned
eel, inanga, common smelt, yellow-eyed mullet'
and lamprey ammocoetes) were sometimes
abundant locally; four species (mullet, smelt, giant
bully, and black flounder) were limited to the
lower reaches; a further three species (inanga,

common bully, and upland bully) were restricted in
distribution. In addition, the carcass of a single
salmon was found above Gardiners Road during a

trout spawning survey in June.

Considerable siltation rù/as evident throughout
much of the system, and the quality of rearing and
spawning habitat for many species of fish was

below that which u/as expected for this mainly
rural waterway.

In terms of absolute numbers of fish, biomass, and
the diversity of species, the most productive area

Freshwater Fisheries Centre
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TABLE l. Sampling sites and equipment used during the Styx catchment survey, summer 1990.

Site+ Location Date Equipment used

Length
of reach

(m)

Area of
reach
(m')

41'¡'

42

42*

17

17

60

45l1x

Below tide gates on
mai nst€rn

Below tide gates in
lateral drains

Above tide gates but
beìow Kaianga Road

Below Radcliffe Road

Below Radcliffe Road

Above Styx Mill Road
brìdge

Tributary enterìng on
true left

Above Gardiners Road

Above Gardiners Road

Clarìdges Road

Kaputone Stream at
recreation reserve

Kaputone Stream above
Blakes Road

Tributary of Canal Reserve
drain, true left

Snacks Creek between
Gardiners and Hussey Roads

Four sìngle-end fyke nets set
overn'ight, low tìde to low tide

Two single-end fyke nets set
overnìght, low tide to low tide

Two V-wìng fyke nets set overnightr
low tide to low tide

Generator electric fishing machìne,
four operators, three sweeps, stop nets

Packset electric fishing machine,
two operators, spot fishing

Generator electric fìshì n9 mach i ne,
four operators, three sweeps, stop nets

Generator electric fìshìng mach i ne,
four operators, three sweeps, stop nets

Generator electric f ishing machìne,
four operators, three sweepsr stop nets

Packset electric fishìng machine,
two operators, spot fìshing

Packset electric fìshing machine,
two operators, one sweep

Generator electric fìshing machine,
four operators, two sweeps, stop nets

Generator electric fishing mach'ine,
three operators, two sweeps, stop nets

Generator electric f ishi ng machi ne,
four operators, two s*eeps, stop nets

Generator electric f ish i ng machine,
four operators, two sweepsr stop nets

21-22 Jan

21-22 Jan

21-22 Jan

08 Jan

02 Mar

10 Jan

'10 Jan

'I 5 Jan

02 Mar

02 Mar

12 Jan,
02 Feb

11 Jan

12 Jan

15 Jan

360

30

30

15

60

122

540

270

780

324

144

30s

108

131

160

90

20+

57

50

45

20+

K] 5

K23

cR3,r,

sM2

+ = see Figure I for location of each samplìng s.ite.* = the CDB number shown is the closest available one.

was around site 42, where large numbers of mullet
and smelt sometimes were observed concentrated
below the tide gates. Eels, inanga, trout, common
and giant bullies, and black flounder also 'ù/ere
recorded in this area, and a further four species of
marine fish are known to visit the tidal zone
between the tide gates and Brooklands lagoon
(Eldon and Kelly 1985).

Upstream, the most productive water in terms of
fish numbers and biomass only, was Kaputone
Stream. This totally unexpected finding'ü/as due
entirely to the presence of many shortfinned eels,
especially prior to the fish kill which resulted from
an accident at the Belfast wool scour on 31
January. This kill reduced shortfinned eel
numbers by 56Vo, although biomass was slightly

less affected, as mortality seemed to be less severe
in the larger eels. The very few other fish present
prior to the fish kill (longfinned eels, common and
upland bullies, and inanga) were eliminated
entirely.

The mainstem of the Styx River held many brown
trout. Large adults were resident mainly in the
middle reaches, but made an upstream spawning
migration in winter (see Section 3.8). Small adults
and juveniles were common in the upper reaches,
with the exception of the reach between Gardiners
Road and the confluence of Smacks Creek.
Juvenile trout also were numerous in tributary
streams when cover rù¡as available, but were
generally absent from boxed streams.

Freshwater Fisheries Centre



TABLE 2. Estimated density of fish per
parenthesis) recorded from the
obtained, summer 1990.

t2

100 m2 wetted
Styx catchment,

area and per
for sites from

metre of channel (in
quantitative data were

linear
which

Styx River

Sampl ing site+
Kaputone Stream

(before (after
fish k'iìl) fìsh kiì1)

K23 K23 K15

Tributary of
9nacks Canal Reserve
Creek drain
Sl',,12 CR3'r'Species 11

Shortfinned eel
Longfìnned eeì
I nanga
C.onnnn buì ly
Upland bully
Lamprey
Brown trout

Total density

31.s (1.7) s.3 (0.2)
7.1 (0.4) 2s.6 (0.7)

0.6 (<0.1) 7s.9 (r.7)
21.6 (1.2) 8.3 (0.2)

60.6_(1.s) 102.2_(2.0)

_ 
,.3_(0.1 )

60.6 (1.s) 10s.6 (2.1)

137.s (4.4)
4.4 (0.1)
3.8 (0.1 )

13.1 (0.4)
1.3 (<0.1)

3.s (0.1)
s.e (0.1)

s.2 (0.2)

1s.0 (0.s)

40.0 (0.4)
s.0 (0.1)
present

10.0 (0.1)

ss.0+(0.6)60.8 (3.3) 123.1 (2.8) 160.0 (s.1)

+ = see Figure 1 for location of each sampììng site.

TABLE 3. Occurrence of fish in the Styx River system, for sites from which quantitative data were not
obtained, summer 1990

Species
Mainstem Lateral
42 42obs 42 4l* 4lobs I 8*obs t7 ll* 4

AA
CCP
PP
P

::_

P

PCC

A
c

A
P

c
A

PA
P

P

-C
-P
i_
-c
AP

AP
-P
PP

c
C

P

C
P

c
P

C

Shortfinned eel
Longfinned eel
Inanga
Common bully
Upland bully
Giantbully
Common smelt
Lamprey
Yellow-eyed mullet
Black flounder
Brown trout

obs = observations only, at times other than sampling but excluding trout spawning surveys.
* = the CDB number shown is the closest available one.
A = abundant.
C = common.
P = present.

The headwaters, especially above GardinersRoad,
contained silt beds which were habitat to lamprey
ammocoetes (filter-feeding larvae).

The different species identified in this survey are
discussed below, in order of abundance, as assessed

by actual sampling or as perceived by observation
where sampling conditions were poor.

3.2 Shortfirmed Eel

The shortfinned eel (Anguilla australis\ was by far
the most abundant and widespread species of fish
in the Styx catchment. It comprised 54.3%o of fish
caught, was dominant at seven of the 12 sites
sampled, and was present at all others except site 4
(Claridges Road).

The overall length range of 520 measured
shortfinned eels was 122-900 mm (Fig. 4a). The

Freshwater Fisheries Centre
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mean length of 70 netted eels was 548.5 mm, and
the mean length of 450 eels taken by electric
fishing was 294.9 mm. Styx shortfinned eels were
slightly larger than the Heathcote eels sampled in
1989, but their length-weight relationship was
similar.

3.3 Longfinned Eel

The longfinned eel (Anguilla díeffenbachr) was
f ar less common than the shortf inned eel,
comprising only l4.lVo of fish caught. It was,
however, present at all stations with the exception
of K15 (upper Kaputone Stream), and was more
common throughout the Styx than in the
Heathcote.

The overall length range of 150 measured longfins
was 147-1200 mm (Fig.  b). The mean length of
40 netted eels was 460.5 mm, considerably smaller
than for longfinned eels netted from the Heathcote.
However, the mean length for ll0 eels caught by
electric fishing (423.9 mm) was approximately
similar to that recorded from the Heathcote, and
the length-weight relationships rù/ere the same.

3.4 Brown Trout

Brown trout (.S¿,|m o trutta) were the third most
common species in the Styx catchment, comprising
8.2Vo of fish caught. They were present throughout
the mainstem and in some tributaries, notably
Smacks Creek.

Trout lengths ranged from 39-575 mm (Fig. 5). In
addition to young-of-the-year fish, five year
classes were recorded from scale readings, and
these showed great variability in growth rates
(Table 4). The mean condition factor for seven
large trout for which length and weight data were
obtained (Table 5) was 111.9, similar to the 110.6
obtained by Hayes (n.d.).

The trout in Smacks Creek above Willowbank zoo
may comprise a discrete population; there are
numerous barriers at Willowbank which would
prevent upstream migration by mainstem trout,
although downstream movement by small fish
would probably be possible.

3.5 Common Bully

The common bully (Gobiomorphus cotidianus)
was present in the lower reaches of the mainstem

Length-frequency distribution
of eels from the Styx catchment,
summer 1990.
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FIGURE 5. Length - frequency
trout from the Styx
summer 1990.

of brown
catchment,

TABLE 4. Ages of Styx River trout calculated
from scales, summer 1990.

Size
range
(mm)

r0l - 230
209 - 281
26r - 322
475
575

TABLE 5. Length, weight, and condition factor
of trout angled from the lower Styx
River, summer 1990.

and, prior to the f ish kill, also occurred in
Kaputone Stream. Although it comprised only
3.1%o of. the fish caught during the survey, its
habitat was fairly extensive. However, its range

was not so great as that of inanga, with which it
generally coincided. The size of fish caught
ranged from 46-121 mm, with a mean length of
69.6 mm; a normal representation.

3.6 Other Locally Common SPecies

It is difficult to ascertain which of several other
species was next in abundance in the Styx system.
Observations in the region of sites 40 - 42 showed
large schools of shoaling fish which could be

identified but could not be sampled adequately,
and, further upstream, the limited distribution of
some species needed to be taken into consideration.
The following is a subjective assessment of order
of abundance.

3.6.1 Lamprey

On 14 June, during a trout spawning survey, a

solitary adult lamprey (Geotría australis) was

observed migrating upstream towards Gardiners
Road. Later, juveniles (ammoeoetes) were found
to be common in the reach at site 5 (Gardiners
Road), and occasional juveniles were collected
elsewhere. Juvenile lampreys comprised 6.1% of
fish caught, although they were recorded at only
three sites.

We discovered that ammocoetes, which live buried
in silt, were f ar more responsive to the
generator-powered electric fishing machine than
they were to the battery-powered machine. The
site 5 area has been visited on several occasions by
FFC staff for various purposes, but only during
this study was a generator set used and lampreys
recorded. A follow-up with the packset, when we
were collecting fish for stomach contents analysis,
also failed to catch any lampreys at this site.

3.6.2 Yellow-eyed Mullet

This species (Aldrichetta forsterí) is present in the
'Waimakariri estuary all year, but is very sparse in
winter and most abundant from November to April
(Eldon and Kelly 1985). It is a species normally
limited to close proximity to the tidal reaches of
rivers, but in the Styx the tide gates were observed
to have a profound effect in limiting its upstream
penetration.

Age N

l+
2+

J+
4+
$+

10

6
4
I
I

Length
(mm)

Weight
(g)

Condition
factor

3r8
322
38s
460
475
570
575

380
3s0
700

l 100
I 100
1800
2380

1t8.2
104.8
t22.7
113.0
t02.6
97.0

t25.2

- 25
c,

2ro
È
l
7ts

Length (.t )
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Mullet moved upriver on the flood tide, and found
their passage blocked by the tide gates, which
closed immediately the current reversed, and
before the fish arrived. The fish accumulated
below the gates in numbers which could only be
estimated as thousands. On the turn of the tide,
many fish lingered at the gates until,
approximately 2 - 2* hours later, the gates opened.
The mullet then surged through the gates, but did
not proceed far before being observed drifting
back downstream, feeding on accumulations of
suspended macrophytes and algae which had
backed up in the slack water while the gates were
shut. A few mullet would remain upstream after
the gates had closed, and be present throughout the
tide. However, mullet have been observed to
remain in other rivers throughout a tide cycle, and
this event in the Styx should not be attributed to an

"enforced" stay due to the tide gates.

The recorded size range of mullet rü¡as

I04 - 244 mm (mean length 170 mm), which is
comparable to other upstream habitats in the
'Waimakariri system (Eldon and Kelly 1985).

3.6.3 Common Smelt

To some extent the behaviour of this species
(Retropinna retropinna) was constrained in the
same way as that of mullet (see Section 3.6.2).
Large numbers accumulated below the tide gates,
but it is probable that on getting through the gates,
the f ish remained in the lower reaches for
extended periods. Smelt were seen in loose
aggregations with inanga, feeding on drifting
invertebrates both in the water column and at the
surface, but they did not appear to penetrate far
upstream.

Smelt are not caught readily in fyke nets, and only
three were actually taken, gilled in the wings of
the nets. These were exceptionally large fish, 122
- 134 mm long; most smelt would pass through the
mesh in the wings.

3.6.4 Inanga

The common whitebait (Galaxias maculatus\ is
known to enter the lower Styx in large numbers
during spring, when it is sought after by
whitebaiters. This survey, however, detected
inanga in only very low numbers (2.4%o of fish
sampled), and at only four of the l2 sites sampled.
The26 fish recorded were large, ranging from 80 -
139 mm, mean length 104.ó mm (Fig. 6).

FIGURE 6. Length-frequency of inanga
from the Styx catchment,
summer 1990.

Adult fish were common around the tide gates
during January, and their movement was
constricted both above and below the gates.
Contrary to expectations, only a very few
individuals were seen there in subsequent months,
when spawning migrations should have been
evident.

3.6.5 Giant Bully

Giant bullies (Gobiomorphus gobioides) t¡/ere

common at sites 41 and 42, and overall represented
a higher proportion of sampled fish than did
mullet, smelt, and inanga. However, giant bullies
are captured more readily in fyke nets than are
the other species, and we consider that the catch
data provide an invalid impression of relative
numbers in the Styx. Giantbullies ranged from97
- 202 mm in length, with a mean of 143.8 mm.
This is comparable with the data collected on this
species during a survey of the Waimakariri estuary
(Eldon and Kelly 1985)

3.7 Scarce Species

3-7.1 Upland Bully

This specie s (Gobiomorphus breviceps) , which was
so prolific in the Heathcote River in 1989, was
barely represented in the Styx system, although it
was present in the mainstem, Kaputone Stream,
and another tributary at site 11. Specimens were
mainly small, 42 - 59 mm (mean 49.7 mm);
however, a solitary fish of 77 mm (not included in
the foregoing data) was found in the mainstem.
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3.7.2 Black Flounder

This flatfish (Rhombosolea retiaría) is normally,
but not exclusively, found in the lower reaches of
rivers. In the Styx, several fish were caught in the
vicinity of the tide gates, but the species probably
does not extend far upstream. The size of captured
fish ranged from 160 - 303 mm.

3.7.3 Chinook Salmon

The spawned-out carcass of a single female salmon
(Oncorhynchus tshawytscåa) was found in the
mainstem above Gardiners Road on 13 June. A
large redd (spawning site), identified as that of a
salmon, had been found some distance below
Smacks Creek on 6 June, but no salmon smolts
were caught during the subsequent summer survey.

3.8 Trout Spawning Areas

Trout normally spawn in headwaters where the
gravel substrate that they require for the successful
deposition and incubation of eggs is usually found.

Silt-free gravel is necessary to allow percolation of
oxygen-bearing water to the eggs. In unspoilt
areas, the fish often utilise tiny tributary streams
for spawning. They excavate hollows by vigorous
tail action while tilted on their sides, displacing the
gravel. In the hollow which forms, the fish deposit
one or more pockets of eggs, and then cover them
with gravel displaced from upstream. The result is
a dome of clean gravel covering the eggs, with a
depression upstream, and it is known as a "redd".

Usually, redds are identified easily, and in small,
stable streams they may remain evident for many
months after construction. In the Styx, most redds
were identifiable from week to week, but in some
shaded areas redds rapidly became
indistinguishable; one in particular, beneath the
S.H.1 bridge, could not be identified on a second
visit. Trial redds are sometimes found; these are
sites where trout have tested the gravel with
tentative excavations but have not completed a
nest.

Numbers of redds and trout counted during the
spawning surveys are shown in Table 6.

TABLE 6. Numbers of adult trout and redds counted during spawning surveys of the Styx catchment,
winter 1989.

Reach
06 June 13-15 June

Trout Redds Trout Redds
22 June 06 July

Trout Redds Trout Redds

Claridges Road to GardinersRoad

GardinersRoad to 300 m
below Smacks Creek confluence

300 m below Smacks Creek to
Styx Mill Road

Styx Mill Road to 500 m
below the railway bridge

Smacks Creek

First lateral drain

Cavendish drain

Railway drain

Kaputone headwaters west of S.H.1

Kaputone from freezing works
to lower Belfast Road bridge

0*tl 33
90

5585366034t12

13

92

29
00

'50 I

31
00

l0
00

x = 50 m only surveyed on this occasion.
- = no data.
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3.8.1 Styx Mainstem

In the upper reaches, early in the season, limited
spawning occurred in the vicinity of Claridges
Road, but there was little suitable substrate
because gravel beds had been smothered by silt and
rubbish.

The deeply entrenched and silted reach below
Gardiners Road contained no gravel substrate until
near the confluence with Smacks Creek. No redds
and few trout were observed. Above the
confluence there was some "promising" gravel,
where three trial redds were dug early in the
season. However, these were not completed.

Most trout spawning occurred between a point
300 m downstream of Smacks Creek confluence
and the Styx Mill Road bridge, particularly in the
lower 0.5 km of this reach. Here, there was an
extended riffle area with good gravel substrate
between stands of gorse, which provided bank
cover for the fish.

Below Styx Mill Road bridge there were some
satisfactory-looking gravel patches, but very few
indications of spawning. A resident of the area
spoke of annual spawning behind the private
gardens below the S.H.l bridge, but downstream of
this point the substrate was increasingly littered
with rubbish, and no further redds were seen.

3-8.2 Smacks Creek

Although there were considerable numbers of trout
in the upper reaches of Smacks Creek, no redds
were seen above Willowbank zoo during the survey
on 13 June. There was some potentially very good
spawning gravel, but it was badly overgrown with
filamentous algae, and there was no indication that
it was being utilised. However, given the probable
isolation of this reach because of the obstructions
at Willowbank, it seems likely that the numerous
trout are resident and therefore spawning must
occur locally.

No redds were observed in the grounds of
Willowbank. Below the zoo, a single trial redd was
seen in a limited reach of good gravel at the
upstream end of the deer farm. A resident of 18
years said that trout spawn in the area every year,
and a single redd was identified at the downstream
boundary fence. Between these two sites, however,
the substrate 'ü/as poor, due in part to siltation
upstream of a new culvert. From the culvert down
to the confluence with the mainstem, there was
some potentially good gravel, but it was clogged

with brown silt and filamentous algae. No fish or
redds were seen.

3.8.3 Lateral Drains

No spawning took place in two of the drains
examined: a stream flowing from Cavendish Road
and a diagonal tributary close to S.H.l. In a third
stream, which enters the mainstem upstream of
Cavendish Road, there was late-season spawning
by trout srnall enough to utilise the shallow water.
These fish were probably normally resident locally,
and not migrants from down river.

3.8.4 Kaputone Streem

The trout spawning survey of Kaputone Stream
was a most disenchanting experience. The
combination of the effects of instream and
bankside herbicide spraying, pollution, and rubbish
dumping (Fig. 7), rendered this stream a "slum"
among waterways.

In the upper reaches, below Blakes Road, there
v¡ere some areas of potentially good gravel
substrate, but no fish or redds were present.
Lower down, a single trout was seen beneath the
railway siding bridge at the freezing works, but the
stream here was boxed, with a generally muddy
substrate, and there was no suitable habitat.
Downstream of Ford Road, some gravel substrate
endured until the golf links, but again there were
no fish or redds. Below the links was a piggery on
the true right bank. From this point downstream,
the bed was coated with a deep layer of sludge;
there was no possibility of trout spawning and
there were no trout present.

3.9 Whitebait (inanga) Spawning

Mature inanga migrate during summer and autumn
to spawn in tidal reaches, depositing their eggs on
the early ebb tide in bankside vegetation above the
level of ordinary high tides. In uncontrolled
waters, the best place to begin observations when
trying to locate spawning grounds, is the upstream
limit of saltwater intrusion. There should be a
gradual transition from salt-tolerant bank
vegetation to non-tolerant vegetation, and usually
the eggs are deposited in the latter, but close to the
former.

When tide gates are installed, the ecology of the
waterway is grossly modified. Instead of a variable
saltwater wedge, there is an abrupt change, and, in
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FIGURE 7. Rubbish dumped in Kaputone Stream, June 1989.

the Styx, for approximately eight and a half hours
in each tide cycle, the gates form an impassable
barrier between fresh and salt water. The ebb of
ponded fresh water upstream of the gates is
delayed until the water level on either side of the
gates equalises, and the time lapse is f.rom 2 - 2L
hours after high tide.

So complex are the changes engendered by tide
gates that we have never yet succeeded in locating
inanga spawning grounds where gates have been
installed.

3.9.1 Observations

During the January spring tides, observations at
the tide gates indicated that mature inanga
gathered there, both above and below'the gates
when they were closed. When the gates opened,
there was a rush of inanga in either direction, but
with a larger number moving downstream.

Searches of the lateral drains immediately below
the gates failed to find either spawning activity or
deposited eggs. In the wetland at the head of the
lower drain on the true left, very minor spawning

activity was observed, and the habitat looked
extremely promising (Fig. 8). A solitary spent
inanga was captured in a fyke net set to capture
fish on their way downstream from the wetland.

Searches of the reach of river above the tide gates
failed to locate either spawning activity or eggs.
Above the Kaianga Road bridge, the banks are
grazed and there was no suitable vegetation for
spawning. Although searches were made, they
were to no avail.

We confidently expected to locate spawning
grounds in the wetland below the gates during the
following months, as spawning usually increases
through the summer, peaking in April. However,
only occasional inanga were observed in the lower
Styx, despite foot surveys of the mainstem, its
drains, and in the vicinity of its confluence with
Brooklands lagoon.

3.10 Stomach Contents

The tactic of collecting fish for food studies at a
separate time to the distribution and abundance
survey proved to be unfortunate. The Kaputone

Freshwater Fisheries Centre



l9

FIGURE 8.

fish kill greatly reduced the number of small fish
in the lower Styx, and almost certainly affected
the availability of food. (We had a reliable
eyewitness account of great mortality among
Paratya at the tide gates, for example.) Therefore,
stomach contents examined were from fish
upstream of the Kaputone confluence, and were
more limited than we would have liked.

The data for four species are presented in Table 7,
and show a broad range of food organisms,
particularly for trout. Fish with empty stomachs
have been excluded from the data.

3.10.1 Trout

Trout adopt a variety of feeding strategies, at times
taking food from the benthic fauna, from the
water-column drift, from the surface drift, or by
the active pursuit of instream prey such as other
fish. The food of 25 Styx trout reflected all of
these strategies (Table 7).

The bulk of food eaten, both numerieally and
volumetrically, was aquatic in origin. The small

Wetland in the lower Styx catchment where there were tentative indications of inanga
spawning, January 1990.

snail Potamopyrgus, the amphipod Paracalliope,
and a wide range of caddis and Dipteran larvae
were prominent.

By comparison, mayfly larvae, which the CDB
(1980) recorded from sites 4 to l5 and site 18, were
barely represented in the food of trout, being
found in only three fish from sites 4 and 5.

Although aquatic organisms predominated,
terrestrial animals were important to trout in the
Styx. Willow grubs, which are the larvae of a
sawfly (actually a species of wasp Pontanía
proxima), brown beetles, which are the adults of
the common grassgrub (Costelytra zealandica), and
various other terrestrial beetles u/ere well
represented in the stomachs.

Most of these findings agree well with those of
Hayes (n.d.). Hayes'data were collected from large
trout caught by angling in the vicinity of sites 21

- 25 in a reach below Marshlands Road. In this
study, most trout came from the upper reaches, but
angler-caught fish were from the same locality as

Hayes'and duríng the same months. The data are
presented in Table I for direct comparison.
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TABLE 7. Stomach contents of four species of fish from the Styx catchment, summer 1990.

Species
No. in sampìe
No. of itgnË identified
Points al ìotted
Presentation method

Brown trout
25
1 806
576
OC AB CP

Shortfinned eel
6

18
27
OC AB CP

Longf i nned ee'l
I

96
79
OC AB CP

Comon buìly
4

24
96
OC AB CP

I'IOLLUSCA

GASTROPODA (snai ls)
Potanopyrgus anti pdarun
Ph.¡zsa sp.
BIVALVIA (nr.rssels)
Pisidíun sp.

ARTHROPODA

ARACHNIDA (spìders)
MYRIAPODA (mi lì ipedes)

CRUSTACEA

Isopoda (slaters)
0stracoda

AMPHIPODA

Paracalliope fluviatilis 44.0
Other amphipoda (sandhoppers) 8.0

INSECTA
HEMIPTERA
Anisops sp. (backswinnrers) 20.0
Sigara argata (boaùnen) 4.0
DERMAPTERA (earnigs) 24.0
EPHEMEROPTERA (mayf l'ies)
Deleatidiun sp. 12.0
TRICHOPTERA (caddisf I ies)
Hudsonqna anabilis
Pycnæentria sp.
Oecetis sp.
2xyethíra albiceps
Rhyacoph i ì idae
POLYCENTROPIDAE

Other Trichoptera ìarvae
Trìchoptera ìmagos

DIPTERA (true fììes)
Chironaws zealandícus

(bloodworms)
Other Chironomidae'larvae
Chirononidae pupae
Tìpuì idae larvae (cranef'l ies)
Tipul'idae ìmago 4,0
TANYDERIDAE larvae
EMPIDIDAE larvae 4.0
SYRPHIDAE adults (hoverflies) 4.0
MUSCIDAE larvae
BIBIONIDAE adults 8.0
Other Diptera larvae 4.0
Diptera adults 44.0
Austrpsinulium larvae
HYITIENOPTERA (wasps, sawfl ìes)
Pontaní a proxina (wi I lowgrub)
Other Hylnenoptera adu lts
LEPIDOPTERA larvae
Lepidoptera adults (npths)
COLEOPTERA (beetles)
C,oste I ytra zea I and i ca
(grass grub beetle)

STAPHYLINIDAE
Other Coleoptera adults
Coìeoptera ìarrrae
ORTHOPTERA (grasshoppers)
Unidentifìed animal rernains
Vegetab'le matter, seeds, fruìt

PISCES (fish)
bbianorphus sp. (bu]'l ies)

s2.0
'12.o

16.0
8.0

12.0
4.0

32.0
64.0

12.0
12.0

8.0

8.0

4.0
12.0

2.O

2.6
0.3

2s.0
50.0

2s.0

25.0

75.0

25.0

2s.0

2s.0

28.7 11.8
0.6 0.4

0.2 0.6
0.1 0.2

0.2 0.4
0.1

16.7 10.2
0.2 1.0

0.7 1.4
0.1 0.1
0.4 1 .6

0.2 0.4

1.9 2.9
16.8 22.5

7 .3 3.6
0.2 0.4

0.3 0.2

tø.1 16.7 l.+

16.7 5.6 3.7

ssls rlr s.t

16.7 5. 6 3.7

83.3 50.0 37.0
16.7 11 .1 22.2

16.7 n. a. 22.2

25.0 4.2 1 .3
12.s 10.4 3.8

tz.s rlo 4.4

37.5 a_t n_u

62.5 59.4 2.O

2s.0
12. 5

12.s
12.5
12.5
12.5

4.2 8.2
3.1 3.2

1 .0 0.2
1 .0 0.2
1.0 2.6
1 .0 0.2

2s.0 3.1

25.0 3. I

12.5 1 .0

12.s 2.1

22.8

11.4

4.4

0.2

125 I0 5',I

8.3 2.1
zs.o 32.3

4.2 3.1

4.2 1.0

45.8 39.6

0.5

42 10

I 3 10 4

na 104

0.5
0.2

o.2

o.2
o:u

0.1

1.0
0.1

44.0
12.0
4.0
4.0

32.0

4.0
24.0
4.0
4.0

24.0
36.0

4.0

10.1
10. 1

0.7 0.3
0.1 0.5
0.9 3.7

12.9 6.3
0.4 0.3
0.1 1.7
0.1 1.4

3.4 6.1

0.1 0.5
0.6 3.8
0.1 0.2
0.1 0.3
n.a. 3.8
n, a. 3.0

25.0 n. a.
25.0 n. a,

8.00.1

0c
AB

CP

= number of stornachs in which a food type occurred, as a percentage of total non-empty stomachs examined'
= nurnerical abundance of a food type as a percentage of total food items counted,
= cornpos'itionr as assessed by aììocation of points for voìurne, of a food type as a percentage of totaì poìnts

al I ocated .
n.a. = not app'lìcable.
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Taxa

TABLE 8. Comparison of the abundance of food
organisms (%) in the stomachs of adult
trout in the Styx River in this study
and Hayes n.d. (1979).

Hayes

This study
Angler

All caught
fish fish

Pontania proxina
Other Hyrnenoptera
hstelsftra zealandíca
Other Coleoptera
Lepidoptera
Hemì ptera
Hornptera
Trìchoptera
Potanopyrgus anti pdarun
Physa sp.
Other Mollusca
Empididae
Other Diptera
Paracal I iop
fluviatí I is

Øbionarphus sp.
Crustacea
Ephenreroptera
Other terrestrial animals

No, of trout in sampìe

34.1
'l .1
5.7
0.8
1.2
1.6
1.3
2.7

17.7
'14. 9
0.4
9.9
6.5

2.1

37

12.9
0.4
3.4
0.8
0.2
0.8

26.s
28.7
0.6

1.0
6.8

16.7

0.1
<0.1
0.2
1.0

25

19.9

4.7
0.2

4.6
36.8
1.2

3.0
17.9
10.8

0.3
0.2

0.3

7

3-10-2 Longfinned Eel

This species of eel utilises a broad range of
habitats, and its food reflects this. Although the
amphipod Paracalliope comprised 60% by numbers
of organisms eaten, it consisted of only 2Vo by
volume. Volumetrically, the diet was composed
mainly of Diptera larvae (38.6%), with substantial
contributions from Trichoptera larvae (l4.6Vo) and
terrestrial isopods (9.5%o). As is common with eels,
which tend to ingest a considerable amount of
miscellaneous matter along with their prey, much
of the stomach contents was animal matter too
disintegrated to identify.

3.10.3 Shortfinned Eel

This species occupies a narrow range of habitats
and the stomach contents varied little. The food
eaten was comprised exclusively of a small range
of animals which occupy muddy substrates.
Chironomid larvae and pupae constituted about
60Vo of their food both by numbers and by volume.
The remaining items were molluscs, crustacea, and
a single species of Trichoptera (Oecelrs), or were
unidentifiable, indicating refuse or digested
soft-bodied creatures such as Oligochaetes (aquatic

earthworms) or nematodes.

3.10.4 Common Bully

Only four common bullies were found to have
anything in their stomachs. The food combined
elements found in the stomachs of both species of
eel - Paracallíope, Ostracoda, Pysídium,
Potamopyrgus, Physa, and Chironomidae.

3.10.5 Other Species

The stomachs of three black flounders, and a single
individual each of inanga, smelt, and upland bully
were examined. They revealed similar food items
to those consumed by the other species, namely:
Paracalliope, Oxyethira, and Physa (inanga);
Chironomids (all species); Potamopyrgus
(flounder). All the flounders also contained a
species of Paracorophina, a brackish-water
amphipod.

3.1 I Macro-invertebrates

Our analysis of the CDB data for macro-
invertebrates collected in summer 1987, showed
that the abundance of certain broad-range taxa in
the middle reaches had declined, with a subsequent
recovery further downstream. This phenomenon
was particularly evident for three species of
Trichoptera (Fig. 9a), two taxa of Diptera, and an
amphipod (Fig. 9b). The MCI values showed the
same pattern, and appeared to relate only partially
to stream dimensions (Fig. l0).

4. DISCUSSION

The city of Christchurch is fortunate in the
number of safe waterways which enhance its
environment. So much have these assets been
taken for granted, however, that there is a

frustrating lack of historical records with which to
compare the rivers' present condition, at least so

far as fisheries values are concerned. We found
this with the Heathcote River in 1989, and with
the Styx River here.

4.1 Native Fish Composition andDistribution

Cowie et al. (1986) recorded the Styx as attracting
only 9Vo of whitebaiters on the Waimakariri system,
whereas Hardy (198ó) reported that the Styx River
and Brooklands lagoon together accounted for l9Vo

of whitebaiting activity on the Waimakariri system.
However, Hardy (1986) noted that whitebaiters
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taxa in the Styx River, summer 1987.

FIGURE 10. Longitudinal macro-invertebrate community index (MCI) and stream widths for the Styx
River, summer 1987.
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were few in the Styx, and were concentrated
mostly below the tide gates:

"The slight use made of the ríver proper
[Styx] seemed to be much less than in
past seasons. A lack of whitebait
running up the Styx - a view expressed
by one regular whítebaiter who
consídered the new tide gates, and the
concentration of whitebait fishermen
there the cause - may well have been the
reason for the líttle use made of it."

We found that inanga, and small native fish
generally, were uncommon in the Styx system.
This was anticipated, as there is often a paucity of
native species where trout are common. We looked
forward to some interesting comparisons with the
Heathcote River, where trout were not found.

However, re-examination of some of the Heathcote
sites indicated that 1990 may have been a bad year
for some species of fish, compared with 1989.
Inanga, in particular, were present in far lower
numbers in 1990; whereas in 1989 we had little
trouble locating spawning shoals during summer
and autumn, in 1990 we were unable to find any
spawning activity in the Heathcote. Also, one good
spawning ground on Saltwater Creek (Ashley
system), north of the city, was not utilised by
inanga. Giant bullies also appeared to be scarcer
in the Heathcote in 1990, and the previously large
number of common bullies at one site had mostly
been replaced by upland bullies. These data
suggested an overall reduction in the abundance of
diadromous species. We concluded, therefore, that
the paucity of diadromous species in the Styx
system should be interpreted with caution.

With the upland bully, the situation is much
clearer. This fish was the most common,
widespread species in the Heathcote River in 1989,

and was known to be plentiful in 1990, but it was
very rare in the Styx River, and poorly distributed.
It seems to us that the only factor which could be
responsible for this situation is the presence of
trout, for there are no habitat differences which
could account for it. Upland bullies are
opportunistic fish, capable of successfully
occupying a fairly broad range of habitats, and the
Styx easily falls into this range.

A species common to both the Styx and Heathcote
Rivers is the shortfinned eel. A simple mud
substrate provides adequate cover for this fish,
whereas most other species prefer more obvious
forms of cover. Low-velocity coastal streams and
wetlands are their favoured habitats, and thus the

Styx could confidently be expected to harbour
shortfinned eels. It seems probable, however, that
the large numbers present in Kaputone Stream
prior to the major fish kill in February may owe
quite a lot to the supplementary food provided by
the effluent from the freezing works. This,
together with a lack of competition from less hardy
species due to pollution, and a lack of cover
because of river control work, provided a situation
almost akin to aquaculture!

The presence of lampreys in the Styx is interesting.
Little is known about the New Zealand lamprey,
except that it is far less numerous than formerly.
That it still occurs is reassuring (there is a previous
record of it from Smacks Creek in the files of the
North Canterbury Fish and Game Council).

4.2 Trout

A search of past annual reports of the North
Canterbury Fish and Game Council for data on the
Styx River revealed little other than early stocking
records. It could be inferred from this that the
Styx was of little consequence as a trout fishery;
we find this difficult to comprehend, except
possibly in the context of its relative value
compared with other available trout fisheries. In
earlier times, Canterbury was blessed with such
remarkable trout fisheries as the Selwyn, and,
closer to the city, the Cust (Spackman 1892).
'Whatever its past status, there are substantial
numbers of trout in the Styx, but the angling
potential is undermined by other considerations.

Teirney et al, (1987) found that the Styx was fished
by more anglers than any other lower Waimakariri
tributary, but that anglers returned to the Styx less

frequently than they did to the Kaiapoi, Cam, and
Cust Rivers. The accessibility of the Styx allowed
anglers to fish before and after work, but they
rated it poorly as lacking solitude, being polluted,
smelly, and difficult to fish because of the quantity
of cut weeds drifting back and forth on the tide,
creating snags. All anglers alluded to poor water
quality. Most angling was done in the middle and
lower reaches, and there was a low catch rate of
small trout. Although the catch rate and trout size
in the Kaiapoi and Cam were similar, anglers
returned to these streams more often than they did
to the Styx.

These data show that it takes more than trout to
make a popular fishery. Access is important, and
accounted for the large number of ânglers who
fished the Styx, but aesthetics are also important,
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and their lack accounted for the lower return rate
of anglers to the Styx.

4.3 Habitat Features

Because of a lack of historical information on the
Styx, it is difficult to verify our impression that
the quality of the Styx River is in decline. This
impression was gained from the following:

(i) The substrate over a considerable length of
the lower and middle reaches is deep, soft
sediment, to the extent that, even in relatively
shallow water, it was not possible to work in
the river while wearing chest waders. That
this has not always been the case is indicated
both by the verbal accounts of anglers, and by
the presence below Radcliffe Road of a
submerged jetty, indicating a rise in water
level. This rise could be the result of willow
encroachment or macrophyte growth, but
these are subject to regular attention from
river maintenance workers, and water level
increases from such causbs would be only
short-term. It seems probable, therefore, that
sedimentation is the cause.

(ii) Parrot (L92Ð recorded the contents of the
stomachs of 10 trout from the Styx River, and
found lhat 99Vo of 2030 organisms were
caddis larvae. The remaining organisms
included stonefly larvae, which are indicative
of very high quality habitat. The extensive
qualitative invertebrate sampling of the Styx
conducted by the CDB (1980, 1989) revealed
no stonefly, and neither were they found in
the stomachs of fish during this survey.

(iii) The CDB (1989) recorded a great decline in
numbers and distribution of Paratya, a large
freshwater shrimp which once was used
extensively as bait in the Styx River (North
Canterbury Fish and Game Council
unpublished data). ln 1979, this shrimp was
abundant at l2 sites and present at 25 others.
A decade later it was found at only two sites.
The CDB regarded the paucity of Paratya in
the latter study as a temporary phenomenon
due to weed cutting operations, but we doubt
this. Paratya is primarily a detritivore, and it
can be very abundant in gravel streams with
virtually no macrophyte growth. It is also
extremely mobile, having a marine larval life
and migrating into fresh water at the juvenile
stage. We were told of a major kill of this
animal in the region of the tide gates,

following the Kaputone pollution incident
during this study.

(iv) During the trout spawning surveys, the extent
of clean gravels in the headwaters seemed
inadequate to provide spawning sites for the
number of trout present. In summer, three
adult trout captured above Gardiners Road
were found to have retained a full
complement of the previous winterrs eggs.
This was unique in our experience with trout
in flowing water, and we can find no
references to such an occurrence.

Experience with other species of fish suggests
that, regardless of the unsuitability of habitat,
females generally shed their eggs when the
fish are ripe. However, ripe inanga in
captivity will retain their eggs and reabsorb
them into the body tissue when not provided
with suitable spawning conditions, and trout
trapped in lakes without shore-line gravels
will do likewise. In streams where gravels are
good, but in short supply, trout sometimes
superimpose their redds on earlier ones. We
have been unable to locate any information
on egg retention in stream-dwelling
salmonids, and the phenomenon may be due
to the shortage of good gravel.

(v) In the late 1950s, a fisheries worker (C.J.
Hardy) conducted trout spa'ù/ning surveys in
the Styx similar to those undertaken during
this study, and he has had intermittent
experience of the river since that time. In
April 1989 he wrote to the North Canterbury
Fish and Game Council, and stated:

'... my impression of the Styx
nowadays is that it has become a
fairly medíocre habitat for fish, both
native and acclimatised ..."

River management practices by the CDB were
suggested as the primary reason.

(vi) During the 1950s, Smacks Creek was an
important trout spawning stream in the reach
nour straddled by rüillowbank zoo. By
contrast, very little spawning was observed
there in this study, nor was there much
suitable habitat.

In contrast to points (i) - (vi) above, which
indicate a decline in habitat quality, the following
observations also must be taken into account:
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(i) Apart from the decline in Paratya (see (iii)
above), the cDB (1989) found little
dif ference in the composition of the
invertebrate fauna compared with their
previous study (CDB 1980). The benthic
fauna was dominated by a wide range of
caddis larvae, which Parrott (1929) found to
be the major component in the stomachs of
trout from the Styx River.

(ii) Our study indicated that the diet of trout in
the Styx was substantially the same as it was
during Hayes'study, carried out in 1979.

(iii) There were considerable numbers of trout in
the Styx mainstem, even though they were
virtually absent from Kaputone Stream and
from the reach between Gardiners Road and
the confluence of Smacks Creek.

The Styx and Heathcote Rivers have much in
common. Their spring-fed sources, catchment
size, volume, and water velocity are all similar, as

is their discharge into extensive estuaries. The
main dif ferences are those resulting f rom
urbanisation. The Heathcote rises in
predominantly rural areas, and converges to flow
through the city; the Styx rises on the fringe of

urban areas and converges to flow through rural
land. The Styx mainstem headwaters, however, are
mostly dry during summer, so that potential urban
pollution is, to some extent, limited to the winter
months and may be tempered by high flows.

The degree of siltation and the proliferation of
rubbish blanketing the gravel and cobble substrate
in the Styx is a major problem. A resident close to
the Styx headwaters claimed that there had been
considerable sedimentation in recent years, but the
possible cause is not easy to pinpoint. Unlike
Cashmere Stream, where hillside subdivision has
created severe sedimentation over a short time, the
Styx has no hillside subdivisions, and most of the
vrater rises below the main urban area (i.e., below
Sawyers Arms Road).

Possible causes of sedimentation appear to be the
joint effects of horticultural activity too close to
the streamside, and the removal of riparian
vegetation by the CDB. Bankside vegetation
should form a buffer zone to filter the surface
run- off, but if the vegetation is removed, the soil
from cultivated land will wash into the river.

The level of suspended solids in the Styx declines
in the middle and lower reaches (Fig. 11),
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Board, April 1989 - April 1990.
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indicating that sediment may be dropping out of
the water column. However, more hydrological
information would be required to verify this, as

the data may simply indicate dilution by spring
water.

The occurrence of rubbish in the Styx has three
origins: illegal dumping (particularly at Gardiners
Road); legal(?) dumping on private property;
wind-blown litter from the refuse transfer station
on Styx Mill Road. The latter begins to accumulate
in the first quiet water below S.H.l.

The quality of the Styx tributaries is less
satisfactory than the mainstem. Smacks Creek has
a prolific growth of filamentous algae which seems
likely to be a product of excessive enrichment,
although this is not particularly evident from the
CDB's water quality data. Also, Smacks Creek has
been modified considerably within the grounds of
Willowbank zoo, where the channel has been
artificially braided, the velocity reduced
substantially, and the free passage of migrant trout
obstructed.

Kaputone Stream is notorious for pollution
incidents. Prior to this survey, there had been a
fish kill as recently as March 1989 (M. Main,
Canterbury Regional Council, pers. comm.). Quite
apart from industrial pollution, the stream suffers
from stock effluent, rubbish dumping, over-
intensive land use, and the use of herbicides both
in and out of the water. Kaputone Stream is an
indictment of human endeavour. If New Zealand
cannot do better than this at its present population
level, there would seem to be little future for
\r¡aterways adjacent to large centres of population.

Several of the drains which flow into the Styx have
significant fisheries potential, but it is largely
unrealised. The numbers of trout observed in the
lower 200 - 300 m of some drains indicate their
potential value as nursery streams, but, as they are
managed solely for the expeditious discharge of
water, they lack ecological values. This need not
be the case. Increasingly, authorities overseas are
endeavouring to reverse the impact of urban
development on aquatic habitats. In 1989, a Swiss
journal (Anthos) devoted an entire issue to papers
dealing with environmental improvement of
controlled \¡/aterv/ays. Goldi (1989) told of the
"resuscitation" or "revitalisation" of drains similar
to that illustrated in Figure 3. Such drains are
proving no longer acceptable to people with an
increasing awareness of their environment.

A mechanical problem in the Styx is created by the
tide gates, which are a barrier to fish movements.

To what extent the gates affect the indigenous
species is unknown, but no mullet or smelt were
seen during several searches for these species only
2 km upstream. At the time of the checks, both
species were abundant at Kaianga Road, and
should have been well represented and easily
visible for several kilometres upstream. It would
appear that while the gates are negotiable, the time
lapse between high tide and the opening of the
gates af fects the inland penetration of some
species. Also, there is strong evidence, both from
the Styx and elsewhere, that tide gates greatly
disorientate spawning migrations of inanga. It is
unlikely that trout would be affected to any extent
by the gates in the Styx.

4.4 Macreinvertebrates

Macro-invertebrates are good indicators of both
water quality and habitat quality. Stonefly larvae
(Plecoptera) usually indicate that a stream has very
high water quality, gravel or cobble substrates, and
high dissolved oxygen values. Mayfly larvae
(Ephemeroptera) also indicate good water quality
and oxygenation, but these insects are less

particular than stoneflies. At the other end of the
scale, the common midge bloodworm (Chironomus
zealandícus) is tolerant of almost anaerobic
conditions.

In the normal profile of a river, certain high
quality indicator species will be abundant in the
headwaters and decline as the river grows and
slows, and other species take over. Some animals
with a broad range of habitat tolerance may be
expected to have an extended longitudinal
distribution.

Stark (1984) developed the MCI system for
evaluating the macro-invertebrate community of
rivers:

"The MCI involves allocation of scores
(from I to I0) to taxa (mostly genera)
with pollution intolerant taxa gaining
higher scores than pollution tolerant
ones... The MCI is applied by summing
scores for each taxon present at a síte to
obtain a síte score, dívíding this by the
number of scoríng taxa and multiplying
by 20 (a scalíng factor). The index
ranges from 20, when all taxa present
score 1 point each, to 200, when all taxa
present score 10 points each. For stony
riffles in rivers and streams on the
Taranaki ringplain, MCI values greater
than 120 indicate clean, unpolluted
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conditions; values between 100 and 120,
sl i ght - to - moderate n utrie nt e n ri ch me nt ;
and values less than 100, moderate-to-
gross organic pollution."

Stark's scale was compiled for mountain-sourced
streams in Taranaki, and cannot be applied directly
to low altitude rivers such as the Styx. The
maximum Styx MCI value of less than 100
therefore has little significance; the important
information is indicated by the shape of the graph
(Fig. 10).

The CDB data show that there were few macro-
invertebrates in the uppermost stations on the Styx,
presumably because of the ephemeral nature of the
headwaters, which dry up in summer. The fauna
increased rapidly when permanent water was
present. Further downstream, some taxa declined
while others appeared, in the expected manner.
However, the decline and later rise in abundance
of several species (Oxyethira albiceps, Hudsonema
amabilis, Oecetis unicolor (fig. 9a), and
Paracallíope fluvíatìlis) and broader taxa
(Orthocladiinae and Tanypodinae (Fig. 9b)),
indicate a marked change in the environment of
the middle reaches of the Styx River.

The pattern of the MCI index indicates that this
change is a result of a deterioration in water
quality (Fig. l0), possibly related to the
contribution of Kaputone Stream. However, even
allowing for the effect of moving averages, which
influence results up to three places from the data
point, the decline in macro-invertebrates seems to
start before the Kaputone could exert an influence
on the fauna. Whatever the source of the problem,
the improved invertebrate values in the lower Styx
suggest that some noxious factor is being diluted to
acceptable levels by the increased volume of the
river.

5. RECOMMENDATIONS

1. The greatest need in managing the Styx (or
any other controlled river) is for all of its
values to be considered. Management which
recognises only property values is a recipe for
the sort of ecological disaster which has
overtaken so many urban rivers overseas.
Thus, management of the Styx requires many
contributors. From the fisheries perspective,
the Department of Conservation and the
North Canterbury Fish and Game Council
should be consulted.

The district plan should restrict the erection
of buildings and construction of roads along
the banks of the Styx. A fishery isolated
from the public loses its recreational value.
Already there are instances of the banks
being taken up by private gardens, industrial
complexes, and other enterprises.

Research is needed to find an alternative to
the continual spraying and/or cutting of
riparian vegetation (other than for noxious
weeds). This practice is highly deleterious to
fisheries values in several respects: it deprives
fish of cover, which is an important enhancer
of fish densities when present; it deprives
fish of a food resource, as many terrestrial
animals find their way into the stream from
overhanging grasses and herbs; and it
deprives anglers of aesthetic values, which are
an important facet of their recreation. In
tidal reaches, shorn vegetation may deprive
inanga of spawning habitat.

We believe that the practice of bank clearance
may be responsible for the siltation of the
Styx River by permitting the run-off of
topsoil which would otherwise be retained.
If this is the case, it has relevance beyond and
above the fisheries values which it harms.

It is recommended that the potential for
requiring, encouraging, or subsidising the
fencing of river banks where there is damage
from grazing or other land use be
investigated.

The dumping of refuse along the banks needs
attention. If the dumping is legal (because it
is on private property) there is a need for
changes in the law. We discovered herbicide,
pesticide, fungicide, and oil containers, all
retaining quantities of their original contents,
along the banks where high water levels
would reach them. Indeed, some oil
containers were full of used oil.

It is recommended that this report be given
wider circulation within the Council than
appears to have been the practice in the past.
We believe that there is a considerable depth
of information tied up in the experience of
long-serving river maintenance staff, which
may be communicated if they are aware that
management is interested. Certainly these
people must be aware of dumping and
pollution sites which they may be encouraged
to report if the seriousness of the problems is
made known.

2.

3.

4.

5.

6.
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