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SUMMARY

A gold-min'ing d jversion of a reach of a smal I mounta'in and forest
drainage river on the West Coast of the South Island was studied for one

year to ascerta'in recolonisation times by aquat'ic fauna, and to assess

the practi cal'i t'ies of creat'ing stream 'improvement features .

Floods removed al I trace of stream 'improvements, such as

boulder-drops, w'ithin a few months. Aquatic fauna was severe'ly

depleted'in the short term. Invertebrates recolon'ised to thejr former

level within 91 days, but numbers decl'ined subsequently, owìng to
conti nued depos i ti on of s i I t from erodi ng banks .

B1 ue-gì 1 ì ed bu I 1_v numbers decreased i ni ti al ìy. but were approach i nq

the numbers recorded in a control reach at the end of the year. Long-

finned eel numbers declined and were st'ill decìining at the end of the

study, probably ow'ing to cont'inued sjltat'ion from erosjon of the mined

flood bed. Brown trout numbers fluctuated seasonaìly, but were hìgher

at the end of the study than at the start.

1. INTRODUCTION

The Big Hohonu, or Greenstone, R'iver rjses in the Hohonu Range,

32 km east of Hokitjka (Fig. 1). The river flows in a generaììy

west-north-west directjon for 20 km to join the Taramakau R'iver on the

north bank, opposite Kumara, about 10 km from the sea.

The Hohonu Range comprises chiefly Palaeozoic grey or pìnk gran'ite,

and thjs material forms 85% of the bed material of the Big Hohonu Rjver.

The rema'inìng material is greywacke and volcanìc rock derjved from the

Main Divide, with some outcrops of marine sìlt and sandstone. The

substrate is coarse relative to other waterways in the regìon.

The Bi g Hohonu Rj ver was the s'i te of the fi rst goì drush i n the

Kumara region (Young and Foster 1986), and the lower reaches are not

mapped because of the confusion created by go'ld taì1ings, among which

the channel'is lost to aerial photography. Evidence of hjstorical
minìng at the study area was v'isible from a mjn'ing tunnel whjch carries

the whole flow of the river through a bluff.

New Zealand freshwater fisheries report no. 115 (1989)
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FIGURE 1. The Big Hohonu River, showing the study area.
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In 1987, Thames Minerals Ltd. were min'ing the floodpìajn of the Big

Hohonu R'i ver upstream of its tributary, the Little Hohonu Ri ver

(Fig. 1). To m'ine the river's channel - proh'ib'ited under the existing
water right - the company applied for a water right to djvert some 530 m

of the river into a nelv, permanent channel. Trad'itionally, diversion

of the river would result ìn a new channel with paraì ìeì banks and

unjform substrates. As such, ìt would provide little varjabjlìty and

cover for fjsh and result in a net reductjon jn the quality and quantity

of fish habitat.

Freshwater Fj sherj es Centre staff saw th j s as an opportun i ty to

study the effects of stream djversìon on the aquatìc fauna, and to

evaluate the benefits of incorporating habitat varjabilìty jnto the new

channel. The new channel was 530 m long and 30 m w'ide at the base. The

upper 260 m was bulldozed to a flat, unìform substrate of cobbles and

grave'l with few boulders, whereas the lower reach was enhanced with

considerable boulder cover and drops to provìde varying fish hab'itat and

a variety of flows. Once these features were ìncorporated, a cut was

made and the entire flow of the niver diverted into the new channel.

2. STUDY AREA

At the Thames M'inerals Ltd. clajm, the flood bed of the Bjg Hohonu

Rjver had been mined for gold for several months prior to the start of

thjs study (F'igs. 2 and 3). The stream channel itself had not been

mined at the study site, although jt had been constricted in places

(Fig. 4) and there were several fords for machjnery. Aìso, at that

time there was considerable loss of water from the channel into the

ta'iìings, so that the stream diminished jn volume from 0.759 m3/s above

the mining operations, to 0.293 m3/s at the lower end of the study

reach.

Below the study area, another company had worked the stream channe'l,

as well as the floodplain, w'ithjn the prev'ious twelve months. This had

caused gross discolourat'ion of the water downstream, as well as local

destruction of aquat'ic habitat, and there may we'll have been disrupt'ion

to recruitment of djadromous fish to the study area.

New Zealand freshwater fisheries report no. 115 (1989)
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FIGURE 2. Thames Minerals Ltd. concession on the Big Hohonu River,
August L987. Vis'ible are an excavator and dredge (centre);
untouched ri ver channel ( i nd i cated ) ; dredge ponds ;
stockpiled fines for re-djstribut'ion after mìning ended; and
(bottom right, curv'ing into the centre immediately'in front
of the bush line) the excavated channel to carry the
diversion.

Mining mach jnery 'in operat'ion, Bìg Hohonu Rjver, August
1987. Note the clear water in the channel in the
foreground. There was some leaching of coloured water from
the dredge ponds through the taiì'ings to the stream channel
lower down but it was not considered to be excessive.

v

FIGURE 3.
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FIGURE 4.

Mining operations had resulted jn the removal of al1 vegetat'ion from

the floodplajn, but during this study, gorse seedlings (Ulex europaeus)

and grass (Poa spp.) recolonised the area.

3. METHODS

Bìg Hohonu Rjver study area,
although the channel had not
constricted ìn places by the
f l oodpl a j n on each s'i de.

August L987, showjng that
been mi ned , it h ad been
spoil from minìng of the

Fì el d work commenced 'in

di version was made, and was

intervals. The study area was

August 1987, about a week before the

repeated at approximately three-monthly

cons'idered j n two parts :

New Zealand freshwater fisheries report no. 115 (1989)
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(i ) the Djversjon Reach, which was the entjre 'length of the

channel to be dj verted and subsequentìy was the new channel

des'igned by us;

(ii ) the Control Reach, which was a length

immediately upstream of the Djversjon Reach.

of the river

For clarìty, when referring to the Djversion Reach, upper case fjrst
letters will be used; when referring to the act of d'iversion, lower

case letters will be used.

3.1 Phys'ical Features

!r r r-r- ^--rl-.^^ L--^-¡ ^- IL^.,.:-,,-llne cnanng I was o lv ìogo lf I LU secL luf l> udseu url Lf ltr v l5uq I (lPPtrqr qrf l-E

of f low type, ê.g., f ast run, r'iff ìe, run, poo1, etc. Sectjons u,tere

ìdent'ified by spraying adjacent boulders wjth paint. Each section was

measured longitudinally, and the wjdth recorded at three points. At the

mid point of each section in the 'init'ial survey, and at al I three points

in subsequent surveys, depth and velocìty (measured with a Gurley Pygmy

flow meter) were recorded at 0.25,0.50, and 0.75 of the width.

Substrate composìtìon for each thjrd of the transect was estjmated by

êJê, usi ng the f oì 'lowi ng categori es: sand ((2 mm) , f i ne grave'l

(2-20 nn), gravel (20-60 mm), smalI cobbles (60-125 mm)' ìarge cobbles

(125-260 nm), and boulders (>260 mm).

A substrate index for the reach as a whole (comprising a number of

water types) was calculated. Thjs jndex, which ìs proportionaì to

general substrate coarseness, is based upon the orjgina'l'index code used

for Instream Flow Incremental Methodoìogy (IFIM) models in the Unjted

States (Bovee 1982). However, because fjner distjnctions were made

between adjacent substrate cl asses i n thi s study, substrate codes

'intermedjate to those used in the IFIM models were adopted. The codes

used jn this study, and those employed in the IFIM techn'ique, are shown

in Table 1.

The fo'l'lowìng formula was used to calculate a substrate index for

each water type:

(7b + 6c + 5.5d + 5e + 4.5f + 49)
X

New Zealand freshwater fisheries report no. 115 (1989)
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where: a = water type area/reach area; b = % water type area comprising

boulders; c = % water type area compris'ing large cobbles; d = % water

type area comprìsing small cobbles; e = % water type area comprisìng

coarse grave'l; f = % water type area comprising fjne graveli g -- %

water type area comprìsing sand. The substrate indices for each water

type were then summed to produce a substrate index for the whole reach.

TABLE 1. Substrate codes used 'in the Bì g Hohonu R'iver study, 1987-1988.

S ub str ate
descri pt'ion

Code used in
thìs study

IFIM
Code

Sand
Fine gravel
Coars e grave'l
Smal I cobbles
Large cobbles
Boulders

4.0
4.5
5.0
5.5
6.0
7.0

4

5

;
7

Although the stream channel in the Control Reach had not been mined,

the floodplajn had been m'ined for a considerable djstance. Thjs

created some probìems'in that, followìng floods, the control sections

proved too unstable to provide a contjnuìty of jnformatìon from one

survey to another. Therefore on each survey, phys'ical data were

col lected only from Control Reach secti ons actuaì 1y fished, and these

varied from t'ime to time.

3.2 Aquatic Invertebrates

Benthic invertebrates were collected from a riffle and a run in each

of two sections in the Diversion Reach and one section in the Control

Reach. F'ive repìicate benthic samp'les were col lected from each riff le
and run using a 0.1 m2 Waters and Knapp samp'ler (t^laters and Knapp 1961)

f jtted w'ith 350 m'icron mesh net. The substrate del jneated by the

sampìer was brushed and/or stjrred to a depth of about 10 cm. Using

thjs procedure, 10-20 samp'ìes were collected from the Diversjon Reach

and 10 from the Control Reach each sampfing perìod.

New Zealand freshwater fisheries report no. 115 (1989)
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Drift was collected from two sites in the Diversion Reach and one in
the Control Reach, usìng replicate sampìers (F'ield-Dodgson 1985) fitted
with 400 micron mesh nets. These samplers were ìn place overnight for
all sampling periods except October and November 1987, when fìooding
prevented thei r col I ecti on . l,Jater veì oci ty at the mouth of each net
was measured with a Gurley Pygmy meter to enable calculation of the

volume of water filtered.

In the laboratory, the 'invertebrates were counted and 'identif ied to
species whenever possible. The head capsule wjdths of a sub-sample of
Deleatidì um from a riff le 'in each of the D'iversion and Control Reaches

were measured to the nearest 0.05 mm before all invertebrates were dried
--t ..^: -L^ldilu we r gf teu .

3.3 Fish

Whole sections or sub-sections were fjshed accordìng to estimated
fish dens'itjes and the amount of time avajlable. As many sections as

possible were sampìed during four days field work; sections were not

worked'in any particular order, prìorìty beìng gìven to obtainìng data

from a variety of water types. Fjsh were collected using a battery-
powered, puìsed D.C. electri c fjshing machìne, in conjunction w'ith two

hand-held stop nets located 2-3 n downstream from the electrode, and a

long stop net set across the entire wjdth of the stream at the bottom of
the section or sub-sectjon. Pools were sometjmes fished only once,

because they contained very ìow numbers of fish, but at all other sites,
two or three sweeps were made, the long stop net beìng empt'ied at the

end of each sweep. The catch from each sweep was recorded separate'ly.

Captured fjsh were anaesthetjsed with benzocajne and measured to the
nearest mm. Small fish were weighed in batches (species per sweep) to
the nearest 0.1 g; ìarger f ish were we'ighed jnd'ividually to the nearest
gram. All fjsh were held jn l'ive boxes for subsequent release into the

sect'ions from whjch they had been caught, except that on the first
survey, prior to the djversìon being cut, al I fish captured in the

Diversion Reach were transferred to the Little Hohonu River.

t^Jhen the d'iversion was cut, and the origi naì channel dewatered

(F'ig. 5), it was patrolled by three people to verìfy that electrjc

New Zealand freshwater fisheries report no. 115 (1989)
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The d'iversion of the Big Hohonu River being cut, August 1987. The new channel was cut at a lower
level than the stream. -Thjs 

allowed the diversion to take place without any sedìment enterjng the
old channeì, and facìljtated the salvage of fish from the residual water.

FI GURI 5.
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fjshing had removed most of the fish, and had given a true jndìcat'ion of

spec'ies composition. The relatjve abundance of spec'ies obtajned in the

electric fìshing survey was compared wjth the sa'lvage to provide data on

the effectiveness of electrjc fjshing for different species.

The f ish populat'ion 'in each section electri c f ished was estimated by

the removal method. Fish numbers per linear metre of channel and per

100 n2 wetted area were calculated for each water type, based only on

the sect'ions fished. Estimates for the whole reach had to include

sect i ons not fi shed . For these sections, the'ir phys'ical data

(velocity, depth, substrate) t,rlere compared with adjacent sections, and

with sections of s jm'ilar water type, to arrive at an approximat'ion of
probable fish numbers.

4, RESULTS

4.1 Phys'i ca1 Features

Detai ls of the physica] features of the study area and the

subsequent changes during the study period are shown ìn Tables 2-4. At

the fjrst post-divers'ion vis'it jn December, the Bjg Hohonu River was

still settlìng ìnto its new bed. The rjver came down in a fresh durìng

the fie'ld work, so data for this perìod are incompìete. Little fìshing
was done and no transects were measured.

During the study perìod, the Big Hohonu Rjver flooded on several

occasions, notably on 29 October (Fì9. 6). This flood effect'ive1y wiped

out the boulder drops and varjations ìncorporated in the lower half of
the Diversion to provide varjable habjtat. Dur i ng the fol ì owin g

months, al I trace of these modificatjons vanished and there was an

jncrease in finer substrate materiaì, whìch reduced the boulder cover

available to fish throughout the study area (Fig.7). Substrate change

was most not'iceable jn the Djversion Reach, but occurred also jn the

Control Reach, where bifurcation occurred,'indicating that natural flood

events were the primary cause of the changes to the substrate.

The channel of the Djversion Reach was considerably wider than that
of the orìginaì channel (Table 2, Fig. 8), and durjng the study the mean

width remaìned constant. However, the stream d'id not stabjlise and jts

New Zealand freshwater fisheries report no. 115 (1989)



TABLE 2. Physica] composit'ion of the Bjg Hohonu River Diversion Reach (upper) and of sections fìshed'in the Control
Reach (lower), prior to the d'iversjon being cut (August 1987) unt'il September 1988 (one year after the
d'iversion was cut).

Net Gross
l ength 'length

of of Mean Mean Mean Wetted Water type as % of the channel (s )
reach channels width* depth* veloc'ity* area run rjffle rapid pool

Date (m) (m) (m ) (cm¡ (m/s ) (n¿) %L" %A# %L %A /"L %A %L %A

DIVERSION REACH

Aug 87 47ü* 47ü* 5.9** 26** 0.281** 2811** 78.8 67.2 Il.2 I9.7 0 0 5.1 7.9
Dec 87 516 516 43.6 - 48.4 - 8.0 - 0 0
Mar 88 506 531 9.8 18 0.339 5205 61.3 64.2 23.4 23.3 9.2 9.2 6.0 3.3
Jun 88 530 610 9.8 23 0.383 5955 43.6 39.5 43.3 49.2 7 .9 8.6 5.2 2.8 i

Sep 88 539 72L 9.8 24 0.412 7070 67 .3 75.3 23.4 15.4 7.I 7 .3 2.2 1.6 ! 
1

CONTROL REACH

Aug 87 + 99 8.1 38 0.363 804 43.3 44.A 8.6 7.0 15.6 I7.4 32.5 3i.6
Dec 87 + 231 8.3 196 0 0 100.0 i00.0 0 0 0 0

Mar 88 + 114 3.1 17 0.458 354 0 0 7.4 15.6 78.6 63.5 14.0 20.9
Jun 88 + 2I7 3.7 17 0.27 4 726 0 0 86 .6 79 .3 0 0 11 .5 20 .7
sep 88 + 55 4.6 29 0.578 253 9.1 13.91 63.6 53.4 27.3 32.7

* = weighted by ìength of flow type.o = % ìength.
# = % area.** = 6l¿l¿ include ford, not itemised elsewhere.
- = no data.
+ = length of the control reach varied, because the morphoìogy of the channel constantly changed.
T = not appìicable, as full width of the channel was not fished.
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TABLE 3. Physìca'l features of water types in the Big Hohonu Rjver
Diversjon Reach (upper) and of sections fjshed in the Control
Reach (lower), prior to the djversion being cut (August 1987),
until September 1988 (one year after the diversion was cut).

Date
Runs

t^¡* D** vT
R'iffles

IllDV
Rap'i ds

IdD
Pools

t,JD

DIVERSION REACH

Aug 87 5.0 28

Mar 88 10.3 16

Jun 88 8.8 25

Sep 88 11.0 24

0.276 10.3

0. 370 9. B

0.376 11 . 1

0 .392 6. 5

18 0.4r4

15 0.288

20 0.399

24 0.460

- 9.1

0.329 5.3

0.425 5.2

0.529 7 .2

9.8 18

r0.7 17

I0.2 L7

9.0

2.5

3.9

75 0.053

45

45 0.239

58 0.160

CONTROL REACH

Aug 87

Mar 88

Jun 88

Sep 88

8.2 24 0.523

7 .0 36 0. 300

0.504 7 .9

0.518 4.6

- 6.0

0 .770 5 .5

75 0.073

49 0.154

30 0.110

43 0.232

6.6

6.5

3.4

0. 398

0.391

0.387

23

19

15

28

13

24

*
**
t

= wei ghted mean

= wei ghted mean
= wei ghted mean
no data.

wìdth (m).
depth (cm¡.
veìocity (m/s).
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TABLT 4. Substrate ørposit'ion (%) of the Big Hohonu Rjver Djversjon Reach and of
sectjons fjshed jn the Control Reach (in brackets), weighted by flov type area.

Date Borlders
Læge

cobbles
Smal I

cobbles ffavel
Fine

gavel Sand

Riffles

Rap'ids

Pools

0veral I

3..4 (n.0)
2..1 (n.0)
D.7 Ø.3)
18.e (-)

2.1 (50.0)
3r.2 (47.5)
33.8 (22.1)
35.1 (-)

18.2 (æ.0)
le.1 (18.3)
L7.2 (zr.L)
27.7 G)

13.2 (10.0)
18.3 4.2)
r2.3 $6.2)
11.7 (-)

Aug 87
Mæ 88
Jun 88
Sep 88

Aug 87
Mar 88
Jun 88
Sep 88

Aug 87
Mar 88
Jun 88
Sep 88

0.0

3.3
28.3

Aug 87
Mæ 88
Jun 88
Sep 88

Aug 87
Mæ 88
Jun 88
Sep 88

46.2 (40.0)
25.4 G)
23.1 (-)
24.5 (0.0)

ã.1 (33.3)
41.8 (-)
36.3 (-)
2..9 (n.0)

16.3 (20.0)
1e.6 (-)
2.7 (-)
18.3 (36.6)

8.4 (10.0)
e.5 (-)

11.1 (-)
17.e (3.3)

3.7 (3.3)
3.6 (-)
2.4 (-)

r2.0 6.7)

5.1 (0.0)
6.4 (0.0)
5.3 (4.7)
5.6 (-)

4.3 (3.3)
0.1 (-)
4.4 (-)
4.4 (33.3)

3.9 (0.0)
2.8 (0.0)
1.7 (8.5)
I.2 G)

- (0.0)
0.0 (5.0)
3.0 (-)
0.0 (0.0)

- (30.0)
34.0 (31.e)
13.3 (-)
28.7 (31.4)

- (40.0)
n.2 Q5.0)
s.6 (-)
2.3 (30.3)

- (il.0)
19.5 (18.9)
33.6 (-)

".0 
(30.7)

- (0.0)
6.3 (11.7)

t2.2 (-)
10.6 Q.2)

- (0.0)
0.0 (7.5)
7.2 G)
1.5 (0.4)

10.0 (23.3)
- (36.7)

2..5 (22.5)
23.3 Q3.4)

70.0 (33.3)
- Í2.2)

n.8 (D.2)
15.5 (10.0)

16.7 (20.0)
- QL.I)

26.7 (r2.5)
i5.5 (15.0)

3.3 (3.3)
- (11.1)

23.3 (10.0)
6.7 (L6.7)

0.0 (6.7)
- (4.4)

3.3 (s.0)
10.5 (13.4)

(13.3)
(14.4)
(20.8)
(n.7)

n.4 Qr.2)
25.4 (32.6)
25.5 (26.4)
23.9 (24.0)

26.4 (35.6)
38.3 (25.9)
34.1 (23.3)
ä.0 (n.D

t6.7 (21.7)
19.4 (19.3)
2r.r $9.7)
n.7 Q6s)

9.0 (6.1)
11.9 (10.4)
r2.I $5.2)
16.2 (10.3)

3.7 (3.6)
4.1 (5.7)
4.3 (4.8)

10.2 (5.6)

3.8 (s.7)
0.9 6.2)
2.9 (10.s)
4.0 (11.7)

- = rp data.
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FIGURE 6. The Bìg Hohonu River in flood, 19 October 1987.
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FI GURE 7. Hohonu Rjver, August 1987 -
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pos'itjon in the channel shjfted from tjme to time, with brajds formìng

and re-formìng (Figs. 9-11).

4.2 Aquat'ic Invertebrate Populat'ions

4.2.I Benthic Invertebrates

A total of 38 taxa was collected from the benthos, wìth 34 taxa

occurring'in the Diversjon Reach and 33 in the Control Reach (Tables 5

and 6). Larvae of the mayfly Deleatidium spp. were most abundant and

comprised more than 7676 of alI anjmals collected. Mean densities of

Deleatjdium in the Djversion Reach ranged from 118 m-2 in 0ctober 1987

to 1540 m-2 'in May 1988, and in the Control Reach from 892 n-2 in
November 1987 to 2698 n-2 'in August L987. Other taxa which were common

and present in the Diversjon Reach jn all sampììng periods were

Nesameletus sp. and Chjronomidae. Those taxa common and present in all
sampìes of the Control Reach were o'ligochaetes, Nesameletus SP.,

Stenoperla Drasjna, Zelandoperìa decorata, Helicopsyche albesce¡¡,

Hydrobiosi s frater, Hydora sp., and Ch'ironomì dae.

The taxonom'ic compos'ition of benth'ic invertebrate assemblages in

the Diversjon and Control Reaches were very simjlar both before and

after diversjon of the ¡iver (Table 7). Applicatjon of both the

Jaccard Coeffi c'i ent and Percentage Simi l ari ty Coeffi ci ent (Tabl e 7 )

showed that most taxa were common to both reaches ' and that the

structure of the assembìages (in terms of the relative abundance of

taxa) was almost identìcal.

Density, number of taxa, and standing bjomass varjed consjderably

throughout the year (F'igs.12 and 13). In the Control Reach, density

was h'ighest jn August 1987 and then decljned rapidly, being lowest at

the end of November that year. Presumably th'is decl'ine in the density

of invertebrates was associated wìth the severe floods during thjs
perìod. After November, the density increased agaìn and peaked at the

end of May. The decrease jn densìty which was recorded jn ear'ly

September 1989 was presumably ljnked to the h'igher river flows which

occurred jn spring. Benthic'invertebrates in the Diversion Reach

appeared to be affected by m'inìng operations prìor to the dìversìon,

because the density was much lower than that in the Control Reach

New Zealand freshwater fisheries report no. 115 (1989)
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FI GURE 9. The Bi g Hohonu R j ver Dì vers'ion,
topsoi I is bejng re-djstributed
stream tends to the true right

March 1988. Stock-pì ìed
over the floodplain. The

of the channel.

FIGURE 10. The Bi g Hohonu R'iver Di vers'ion,
sh'if ted to the true lef t of i ts
away at the right bank.

June 1988. The stream has
channel, but also has eaten

FIGURE 11. The Bjg Hohonu
has reverted to
generaì 1Y much

Ri ver Dj vers ì on, September 1988. The stream
the true rìght of the channel and is

broader than former'ly.
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TABII 5. Systønatìc list of invertebrates recorded jn the benthos of the
Diversion Reach, Big^Hohonu River, Argust 1987 - Septenber 1988. (Mean

dens'ities (per 0.1 mz) æe given for taxa wtrich average )f indiv'idual
per sarple.)

Taxa 24.8.87 6.10.87 30.11.87 7.3.88 30.5.88 5.9.88

ANNTLIDA

O-IGOMPETA

MOLLIACA

GASTROPOA

Potanopyt'gus antì podarun

INSECTA

EPHR[ROfl-E
Deleatidiun spp.
Coboburi scus humeral is
Nesarcletus sp.

1.12.7I.7

99.3

+

I
2.6

i
+

;

;

5.3
+
+

+

11.8

+

;

i

;

1.1

89.3

+

;
+
+
+

l

+
+
+

.

+

;

140.8 154.0 49.5
++
+++

PLECOP]ERA

Acroperla trivacuata
Stenoperla prasina
Zelandobius confusus
Ze'landob'ius sp.

TRIGIOPTERA

Hel Ícopsyche albescens
OlìnsãEdayi
Ecnõõãñffi-evecta

+
+

+

r.2

- 1.0
+

I

f

6.8 2.8

l_
1.9++
++

+++
+

2.3++
r

+++
1.1 ++

+++

t'[GALOPTERA

Archi chaul iodes d'i versus

O-EOPÏERA
Hydrophiìidae
Helodìdae
Hydora sp.

DIPTERA

Chironomi dae

Austrosjrrulim sp.
Erçipidae
Stratjcmyidae
Eriopterini

f

r.o ;
+
+

1.3 +
+-
+

-+
++

5.8 L2.5
++

+

Beraeoptera roria
Pycnocentrodes sp.

Costachorsîa spp.
Hydrobig¡is frater
FFFdjosjs spp.
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TÆlJ 5. (ctd.)

Taxa 24.8.87 6.10.87 30.11.87 7.3.88 æ.5.88 5.9.88

DIPTERA (ctd.)
Muscidae
Aproph j I a neozel and j ca

No. of taxa

+
;

19n

+

2316

;

713

¡ = preSêfìt.

- = flot found.

TABIJ 6. Systematic l'ist of jnvertebrates recorded 'in the benthos of the bntrol
Reach, Bìg^l-lohonu River, tugust 1987 - Septønber 1988. (l€an densities
(ær 0.1 nË) are given for taxa whjch average )1 individuaì per sanple.)

Ta¡<a 24.8.87 6.10.87 30.11.87 7.3.88 30.5.88 5.9.88

AINELIDA
O-IMfiAFTA

t40_Lt6cA
GASTR@TDA

Potampyrgs anti@æun

INSECIA

EPHB\EROP'IERA

De'leatid'iun spp.
Austrocl jma jo]ìyae
ffiis
Nesarc'letus sp.

PLECOPTERA

Zelandobius confusus

2.31.58.75.2

+

269.8

+

+
+

+

188.5

+

1.1

l
1.6

2-.g

+
+

+

æ.2
+

+

rlo

3.4

+

186.2

+

1.1

^r.l 
108.5

I.2 +

+

+
+

1.1

+

+

;
5.6

:

+

+

6.6

+
+

+
+

+

tr1

3.4 + 1.1
1.2++
+++

He1 i copsyche albescens
O'linga feredayi
Beraeoptera roria
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TABII 6. (ctd.)

Taxa 24.8.87 6.10.87 30.11.87 7.3.88 æ.5.88 5.9.88

TRIGIOP]ERA (ctd)
-3.5++
+
++++
++2.I+

++
- + 1.3 1.3

5.3 1.0
++

f

-;

6.5 8.3 2.0

-+
+
+++
T4LT9

+
+

+
+
+

+

2.35.6

Aoteapsyche spp.
FFFo5i-osellastenocerca

1.6

t,t

+

19

2.54.0

Oostachorsna spp.
Hydrobjosjs frater

t'EGALOPIERA

Archichaul iodes di versus

M..EOPTERA

Htsora sp.

DIPTERA

Chironomidae
Austrosimulim sp.
Enp'ipidae
Sbatìory'idae
Erì opterìn'i

No. of taxa

H. pæmbripennìs

1 = preSêht.
- = not found.
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TABLE 7. Measures of sjmilarity (based on taxonomic composjtion of
benthic invertebrates) between the Control Reach and the
Diversjon Reach, Bjg Hohonu River, August 1987 - September
1988.

Date
Jaccard

coeffi ci ent
Percentage simj larity

coeff i ci ent

Aug 1987
Oct 1987
Nov 1987
Mar 1988
May 1988
Sep 1988

0. 59
0.22
0.40
0.75
0.72
0. 65

96.55
87 .00
94.65
92.00
98.57
98. 11

c\
E30

ö
o)

Ero
vl
,^
oc
äro
iñ

E Control Reoch

M

1988

(x + 1 SE) of invertebrates col lected 'in benth'ic
B'ig Hohonu River, 24 August 1987 - 5 September

(Dark bars indjcate the Control Reach, open bars
the Diversion Reach, and vertjcal lines jnd'icate

S

1987

B'iomass
s ampì es ,
19 88.
i nd i cate
+ 1 SE.)

Diversion Reoch

FIGURE 13.
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samples collected jn August L987. The low densìty of ìnvertebrates in

the Djversion Reach during the 0ctober samplìng period was assocjated

wjth d'ivers'ion of the rìver. However, th'is was short-l'ived, because

the densìty of ìnvertebrates had increased to about the pre-divers'ion

level by the end of November. Thereafter, the densìty of ìnvertebrates

in the D'ivers'ion Reach, although signìficantly lower, followed the trend

of that in the Control Reach.

The number of taxa in the Djversion Reach was halved fo'l'lowing

diversion of the river, but the number soon recovered and by March 1988

was greater than that jn the Control Reach (Fig. 12). Bjomass of

invertebrates essential'ly followed the same trend as the density of
j nvertebrates (Fì g. 13) .

4.2.2 Drif t

Forty-three taxa were col lected from the drjft, wìth 4l taxa

occurring in the Djversjon Reach (Table 8) and 35 taxa jn the Control

Reach (Table 9). Agaì n, 'larvae of Qel eat j di um spp. were the most

abundant, comprising between 53% and 87% of all animals jn any sarnple.

Late jnstar larvae of the stonefìy Zeìandoperla decorata were the next

most abundant species and comprìsed 3-2I"/" of each sampìe. 0ther taxa

present in all sampìes of drjft from both reaches were the mayflies

Austroclima joì1yae, Neozephlebja sc'ita, Coloburjscus humeralis, and

Nesameletus sp.; the tri chopterans Heì i copsyche al bescens and

the coleopteran Hydora sp.; and Ch'ironomidae.

Drift densjty in the Djversjon and Control Reaches ranged from 110.2

to 194.9, and 95.4 to 198.9 animals per 100 m3, respect'ively. In

August 1987, drìft density in the D'iversjon Reach was substantially
higher than 'in the Control Reach (Fì9. 14). Durìng the 1988 sampl'ing

perìods, drift in the Dìvers'ion Reach was relativeìy constant, whereas

it fluctuated in the Control Reach.

4.2.3 Deleatidium Larvae

Psi lochorema spp.;

Size

ben thos
((0.6 mm

frequency distribut'ions of Deleat'idium larvae collected in the

and drift are shown in Figures 15 and 16. Earìy instar larvae

head capsule wjdth) domjnated the populations jn the benthos of
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TABLT 8. Systemat'ic Iist of invertebrates recorded
Diversion Reach, Bjg Hohonu R'iver,^August
1988. (Mean dens j t'ies (per 100 mJ) are
averaged )1 indjvjdual per sampìe.)

in the drift of the
1987 - September

gìven for taxa whjch

Tax a 24-25 .87 7 -8 . 3 .88 30-31 . 5 .88 5-6 .9 . 88

CRUSTACEA
COPE PODA

I NS ECTA
E PH EME ROPTERA

Deleatidium
Austrocl ima jo I lyae
Neozephlebj a scì ta
Zephlebìa sp.
Coloburiscus humeral is
Nesamel etus sp.
ÃnreJeTõpsîl persc j tus

PLE COPTERA

Zel andobius confusus
Zel andobi us sp.
ZeJãñdoperTa decorata
Z. agnet'is
Megal eptoperl a grand'is
Megaleptoperla sp.

TR I CHOPTERA

Hydrobiosel I a stenocerca
Polyplectropus sp.

Fyõ-robi osis frater
H. parumbripennis
Hydrob'i os'is spp.
Psi lochorema spp.
Neurochorema sp.

COLE OPTE RA

Hydora sp.

s pp. I70.4
I.2

+

+

l

+
+
+

+
1.0
8.9

+

+

+

+

-
3.5

60 .9
+
+

1.3
1.0

+

rr ls

I.2

+
+
+

2.6

+.0
1.6

+

l
2.8
2.4

+
1.0
u:,

+

99 .0
+
+

+

3.4
+

+

+
+
+

3.3

.
+

t:o

+

,-u

+

:

+

-

+

59.1
8.1
1.2

+
1.3
t:o

8.3
+

1.5
+
+
+

9.3

L.7

+

2.6

+

:

+
2.6
3.2
1.1

+

1.6
+

+

+

+

i.o
+
+

l

1.6

Acroperì a trjvacuata
Austroperl a Cyfqg
@'ica
Stenope¡þ prasi na

Costachorema xanthoptera
Costachorema spp.
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TABLE 8. (ctd.)

Taxa 24-25.87 7-8.3.88 30-31.5.88 5-6.9.88

D I PTERA
Ch ì ronomi dae
Austrosimuli um sp.
Err0pterlnr
Paraljmnophjla skusei

,_,

+

13.2
+

l
+ 1.8

+

4 = preSêflt.
- = oot found.

FIGURE 14.

Diversion Reach o- - - -o
Control Reoch .---{

^ 22O
(nc
ai zoo

9 ,to

o ró0
-oE r4o)c

120

c
O too
c)

5Bo
àóo
t^

640
ô

20

F MAM J ) A
1988

A SOND
1987

Densìty (x + 1 SE) of aquatic
sampìes, Big Hohonu River, 24
1988. (o= Control Reach; o

'i n vertebrates ì n dr if t
August L987 - 6 September

= Diversion Reach.)
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32

Systematìc list of invertebrates
Control Reach, Bjg Hohonu fiver,
(Mean dens'itjes (Per 100 mJ) are
)l indiv'idual per sampìe.)

recorded in the drift of the
August 1987 - September 1988.
g'iven for taxa which averaged

Tax a 24-25.87 7-8.3.88 30-3i.5.88 5-6.9.88

I NSECTA
E PH EME ROPTE RA

Deleatidium
Ãüstroc-Tirna

spp.
joì lyae

95.2
+
+

+

l

38.0
+

2.I

3.2
+

24.3
t:,

I.2
2.L

4.5

-
5.1
3.0
1.5

170.0
+
+

+

t:u

+

+

r.s
+

12.4

l
4.4

t._,

t:u

+

+

+
+

65 .9
6.2

+
+
+
+
+

2.7
+
+
+
+

+

8.7

+

+
+
+

t:u

+
+

+
+

1.4
+

+

+

l,Feozephlebia sci ta
Zephlebia sp.
Coloburiscus humeral'is
Nesameletus sp.
AnreJeïõpElT pers ci t us

Pt ECOPTERA

ffi
ZeTãnäoperTa decorata
I'legál eptoperl a grandi s

Megaleptoperla sP.

TRI CHOPTERA

Aoteapsyche spp.
9@

Costachorema xanthoptera

COLEOPTT RA

Hydora sp.

DIPTERA
Ch i ronomi dae
Austrosimul'ium sp.

++

1.5
9.8

+

+

l
3.0

+

+

+
+
+

2-.3

1.6

1.9
+

I.2
5.3

1.5

11.9

Hydrobiosel I a stenocerca
Polyplqctrppuq sp.

F dñõFfosis frater
Hydrobjosìs spp.
Psi lochorema spp.

a = pfêSênt.
- = hot found.
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Co ntro I Diversion
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6 .1o .87
n= 3Ol

i = O'72

S.D.= 0'35

JU.tr.('/
n=289
V = O'62

S.D.= 0'24

30.5.88
n= 255
l< = 0'67

S.D.= o'35

o.4 0.8 t'2 l-ó 2'O O o'4 0'8 1'2 l'ó 2'o

Heod copsule w¡dth (mrn)

FIGURE 15. Size frequency distrjbutions of Deleatidjum larvae collected
in benthi'c samples, 24 August 198-7-TTept-ember 1988.
(Samp'les sizes (N), mean sjze of larvae (x), and standard
deviation (SD) of mean size also are shown.)

n= 127

i = 0'8]
S.D.= 0'34

24.8.87
n= 30.|

t= 0'ó3
5.D.= 0'33

n=133
V = O'74

S.D.=O'27

n=219
I = 0'óó

S.D.= O.23

n=32O
V =O'54

S.D.= 0.32

7 .3 .88
n=512
i = O'58

S.D.= O'33

n= 230
7 = O'71

S.D.= O'31

n=179
V =0'62

S.D.= 0'34

5.9.88
n=385
i = 0'54

g.þ.= O.27
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Diversion

both the Diversion and the

after the diversjon was cut,
in the Diversion and Control

I ate i nstars.

n= 227
i= l.07

S. D.= 0'42

7- 8. 3. 88
n=59
l= 0.85

S. D.= 0.35

5 -ó.9.88
n= 208
-= l.l8

S. D.= l.05
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4.3 Fish

Deta'ils of the fish population and subsequent changes are shown jn

Appendices I and II. Pnior to the diversion being cut, the Diversion

Reach conta'ined seven spec'ies of fish, but two of these (short-jawed

kokopu and upland bully) were each represented by a s'ingle fjsh.
Blue-giììed bullies and long-finned eels were welì represented; brown

trout were few, and red-finned bullies and koaro were rare (Appendix I).
Species composition determ'ined by e'lectric fish'ing was confjrmed by the

fjsh salvage conducted as soon as the diversjon was cut. The only

anomaly found was that fishing pìus salvage produced more red-fjnned
bullìes than the populatjon est'imate pred'icted from fjshing aìone. This

reflects the hab'itat and behavjour of red-fjnned bullies, which makes

them less readily caught than other species. 0ther species t,'rere

salvaged'in numbers consistent with the electrjc fjshìng resuìts, and no

addjtional specìes were found.

Although fish numbers in the Djversion Reach decreased during the

study, the total drop jn the populat'ion was not as severe as jnd'icated

by the dens'ity per l'inear metre or per 100 m2 of channel (see Figs.

L7-I9, later thjs sectjon). This was because the wetted area wjthjn
the Reach increased, i.e., the stream was ìonger (followjng the curve of
the valley) and broader (see Figs.8-11). Thus, fewer fish were spread

over a greater area of habitat.

4.3.1 Blue-gilled Bully

Bìue-gi'l'led bullies were the most abundant fish in the Big Hohonu

River throughout the study period, both jn the Djversion and in the

Control Reaches. Estimated total numbers jn the D'iversjon dropped to

about 43% of pre-diversion numbers in December (Fig. 17), with a further
drop 'in June, but recovered to 67% by September 1988. By thìs tÍme,

the fish were larger and heavier than they had been the previous year

(Table 10), and total bjomass was 771[ of the pre-djversion level.

In the Control Reach, by contrast, estjmated numbers per 100 m2 of
channel rose greatly 'in December, to almost three tjmes the

pre-dìversjon level. By Juìy, the numbers had fallen to substant'iaìly
the same level as those recorded jn the Diversion Reach (Fig. 17).
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TABLE 10. Mean ìengths (mm) and mean weights (g) of three specìes of fìsh from the Bìg
Hohonu River Diversion Reach prior to the d'iversion be'ing cut (August 1987)'
until September 1988 (one year after the diversion was cut).

Brown trout Brown trout
Bì ue-gì I led bul ly Long-finned eel (underyearì ings ) (1+)

Date No. [ength Wei ght No. Length l,le'i ght No. Length Wei ght No. Length We'ight

Aug 87 165 74.I 4.I IO2 254.5 44.I - 14 135.1 34.0

Dec 87 54 75 .3 4.4 15 269 .7 119 .5 14 49 .7 2.3 1 171 - 0 61 . 4

Mar 88 64 73.8 - 53 234.7 - 27 L04-2

Jun 88 72 76.1 4.3 23 284.9 55.7 31 I27.L 26.4 4 415.0 816.0

Sep 88 89 76.9 4.6 33 272.7 108.9 2 27.0 0.2 36 148.0 42.7

(¡)
\I
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4.3.2 Long-finned Eel

Injtjalìy, the long-finned eel was the second most-abundant fjsh in
the Bi g Hohonu Rj ver. Fl uctuatj ons 'in numbers (Fi g. 18) are

compìjcated by the normal seasonal variatjon in catchabìlìty of eels;
eels are much easier to catch during summer than during winter, when

they tend to "hjbernate" deep jn the substrate.
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eels jn the Bìg Hohonu River, August 1987

s

of long-fì nned
- September 1988.

The l'njtial fall jn numbers 'in December, therefore, js contrary to
normal expectations, and could be associated wjth the djversjon work

u/ere it not for the fact that numbers in the Control Reach were

simiìar'ly affected. The Djversion Reach numbers jncreased by March,

but numbers cont'inued to fall jn the Control Reach. By September
numbers had fallen to almost the same percentage in both reaches, and

were much lower than they had been the previous year.
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4.3.3 Brown Trout

The seasonalìty of the occurrence of trout jn the Big Hohonu River

is cìearly shown jn Appendix I and Figure 19. At the tjme of the

pre-djversjon fishing, ìn the last week of August 1987, fry of the year

were not present, aìthough two were salvaged when the djvers'ion was cut
'in the first week of September. The majority of fish captured in August

were yearlings, w'ith a few two-year-olds. By December, there were

numerous fjsh of the year and their numbers peaked'in March. In June

there were some adult spawners present, and by September the new

season's fry were appearing. The numbers of yearling trout present in

the Diversjon Reach were more than double those of the previous year.

4.3.4. Red-f i nned Bul ly

Durìng the ìn'itjal survey, red-finned bullies were present jn small

numbers over much of the study area (Appendices I and II). Although

the number in the D'iversion Reach was estimated to be nine from electric
fish'ing, the salvage showed that there were at least 20.

No red-finned bulljes were seen'in December, but very little water

was fished. Fish were present in both Reaches in March, but none was

seen in the Diversion Reach thereafter. In the Control Reach, a few

red-fjnned bull'ies were present agaìn in September 1988.

4.3.5 Koaro

In the initìal survey, the number of koaro jn the Diversìon Reach

was est'imated at 12 fish. Unlike red-finned bulìy, koaro had a

restrjcted habjtat and lvere easy to catch; 'it is unljkely that the

est'imate is more than 20%'inaccurate. Most of the fish were taken from

a sing'le section of broad riffle. After the d'iversìon, no sjmjlar

hab'itat formed and no more koaro were found in the Diversion Reach.

In the Control Reach, koaro were still present in March' in a

sjmjlar section to that in which they had principally been present jn

the Dìversion Reach in August. No more koaro were found subsequently,

although the habjtat remained apparently little changed.
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4.3.6 Upl and Bul ly

A solitary fish was recorded from the Diversion Reach 'in August

1987.

4.3.7 Short-jawed Kokopu

One small adult fish was recorded from

Dìvers'ion Reach in August 1987.

4.3.8 Torrentfish

the only poo'l present in the

0ne fish onìy was recorded during the study;

Control Reach duning June 1988.

'it was taken in the

5. DISCUSSION

The downgrading of the aquat'ic hab'itat jn the Bìg Hohonu River

Di vers i on Reach, fol 'lowì ng commi ssi on'ing of the new channel ' was

probably due in great measure to the floods whjch occurred throughout

the year. Simìlar downgrading occurred in the Control Reach, where

there had been no interference w'ith the stream channel.

Unfortunately, because the floodplain had been mjned upstream 0f,
and alongs'ide, the Control Reach, it is not possible to be categorical

that flood events alone were responsible for the downgrading. Had

normal floods occurred, the proximìty of mjned floodplain would not have

been a major problem. The fact that an exceptiona'l flood in October

1987 scoured a second channel in the Control Reach makes our results

less concl usi ve.

tJhat is abundantly clear, is that there are no cheap options for
habitat improvement in such waters. The 'large boulders placed as drops

and groynes to prov'ide the lower half of the Djversìon Reach with varied

habjtat were brushed aside by the floods as though they had never

existed. Whjle it is important for most purposes to maintain as coarse

a substrate as possìble, and to return boulders and large cobbles to the

stream channel, there'is little point in arrangÍng these in other than a

random di spersa'l .
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Ihe Diversjon Reach was colonjsed quick'ly by the more abundant

species of fish'in the Big Hohonu R'iver. The great upsurge ìn density

of blue-g'illed bullies in the Control Reach ìn December was something of

an enìgma. Had fjsh from the Divers'ion Reach been transferred upstream,

or even left ín sjtu to make the'ir own escape when the diversion was

cut, an explanatjon would seem obv'ious, but thjs was not the case. All
fish taken during the electric fishing'in August 1987 were transferred

to the Ljttle Hohonu River; those taken jn the salvage operatìon when

the d'iversjon was cut, were transferred some d'istance downstream. The

'length frequency of the December fish did not suggest that they included

recent mi grants.

Whatever the cause of the large djfference in bìue-gilled bully
density between the Diversion and the Control Reaches in December, the

densities'in the two reaches by September were simjlar to those recorded

jn the pre-d'iversjon survey. There was evjdently go'ing to be no long-

term suppression of blue-gi'lled bully numbers from the divers'ion

operati on.

There was a substantial reduction in eel numbers in both reaches

durìng the study period. Thjs was probably an effect of flood damage,

but may have been exacerbated by earljer m'ining activìty. The amount

of cover for eels was reduced considerably by the broadening of the

channel (s ) and f1 atteni ng of the channel edges. Initì aì ly there was

much more cover among boulders (Table 2), espec'ia'lìy aìong the margìns

of the single narrow channel whjch prevailed before the diversjon was

cut. It has to be po'inted out, however, that those features of the

stream at that tjme were at least partìaììy art'ifjcial, beìng due to the

mìn'ing activity on the floodpìain.

The 1987 year class of brown trout colonised the Dìversion Reach to

the extent that, in September 1988, they considerab'ly outnumbered the

prev'ious year cl ass 'in August 1987 . However, th i s may represent simply

a return to normal, or near normal, conditions, for the numbers of trout
jn August 1987 were believed to be low owìng to the mining activ'ity in
the vicinity. As trout gro!ú they normaìly change their habjtat and it
would be natural for them to drop downstream to the Taramakau Rjver

durjng theÍr second year; this out-migration could have been hastened

by the mining activity.
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The spasmodic appearance of red-fjnned bull'ies may or may not have

been i nfl uenced by cutti ng the di versi on. These bu I I i es tend to
frequent somewhat less rapid flows than those predominat'ing in the Bjg

Hohonu River, and where these fjsh djd occur they were among 'large

boulder cover whjch contrj buted to the'ir avoidance of capture. Whi le it
is safe to assume that the'ir numbers were lower after the diversion was

cut, it can not be assumed that they were ent'ire'ly absent.

By contrast, koaro, wh'ich were also a minor component of the fauna

and whjch were present'in sjmilar numbers to red-finned bullies prior to
the diversion, disappeared altogether from the Djversjon Reach. Koaro

jnhabjt water whjch js ideal for electric fishing, and they are easì'ly

captured when present. However, the diversion was not the sole cause

of the demise of koaro, because they disappeared also from the Control

Reach. Little is known about the natural h'istory of koaro, and it is
possible that they move readiìy from one location to another, as and

when floods change their envjronment.

0ne of the unexplained features of the Big Hohonu fjsh populat'ions,

both at the begi nnì ng and duri ng the study, rivas the absence of

torrentfish. Our experìence of native freshwater fishes led us to
expect th'is species to be present in large numbers, but onìy a solitary
fish was recorded during the five visits. Eric Graynoth (pers. comm.)

asserts that he recorded torrentfish from the river during the 1970s.

We hypothesise that the absence of this fish may be associated with the

instream m'in'ing actìv'ity that took place downstream of the study site
prior to the study.

Although jnvertebrate density, bjomass, and number of taxa were

severeìy reduced by diversjon of the river, the fauna recovered to

pre-diversjon levels within 91 days (j.e., by 30 November). This'is
indjcated by the simjlarity in the densìty and number of taxa recorded

jn the Diversjon Reach on 24 August and 30 November. Thjs recovery uras

made against the trend in densjty recorded'in the Control Reach, where

the severe flood during 29 October presumabìy caused the significant
decrease jn the densi ty of benthjc i nvertebrates recorded between

6 October and 30 November.

The further increase jn the densìty and number of invertebrate taxa

in the Diversìon Reach by March'indicates that this section of the river
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was probably adversely affected by minìng operatjons during the August

sampìing period. Although the composition of the fauna in both reaches

was sjmi lar from March onwards, density jn the Diversion Reach was

cons'istently less than that recorded jn the Control Reach. Th'is may

have been the result of substrate 'instabiìity jn the Diversjon Reach,

where there was an jncrease jn the proportion of fine substrates and the

pattern of the river channel changed between samp'ling periods (compare

Figs. 10 and 11). Such substrate jnstabjlity presumably was a result of

the cons'iderable modjfjcations to the design of the Diversjon Reach

which were undertaken followìng the compìetion of mining operat'ions.

Subsequent floods injtj ated a re-sorti ng of the substrates, and thjs
process was continuìng at the compìet'ion of our fjeld work, together

wl th bank erosj on and movement of substrates . Eventual ly, the

composition of the substrate remaining should be s'imilar to that jn the

Control Reach.

There was no evidence that dìversjon of the rjver caused any changes

to the aquatìc invertebrate fauna. Furthermore, the relative abundance

of the four most common taxa (Deleatidìum, Chìronomidae, Z. decorata,

and 0ligochaeta) was sjmilar before and after djversion. The artjfjcial
d'iversion of a section of the Big Hohonu Rjver ìnto a new channel 'is

similar to one of the effects of natural floods, when the braid'ing

pattern of the ri ver i s changed. There was no change i n the

compos'itjon and relative abundance of the fauna in the Rakaja and Ashìey

Rivers follow'ing severe floods (Sagar 1986, Scrimgeour et a1.1988), so

it 'is not surprising that the fauna of the Big Hohonu River behaved

sjmj I arly.

Drifting aquatìc'invertebrates are a major food for many fish, and

they also probably represent the primary means by wh'ich jnvertebrate

populations re-establish in areas foììowing disturbance. The size

range of Deleatidjum present in the benthos of the Djversion and Control

Reaches on 6 Qctober was sìmì'ìar, and included early and late instar

larvae. This indicates that the late instar larvae at least would have

colonised from the drift, whereas the early instar larvae could have

colonised via oviposition and/or drjft. Sjmi ìarly, in an experimental

study 'i n the Rakai a Ri ver, Sagar (1983) found that I ate instar

Deleatidium larvae v,,ere the first mayf 'lies to colonise a channel, and

that the size structure of the Deleat'idíum drift populatìon lvas sjmiìar
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to that of the control rjffle onìy after a fresh. Here drift also was

assumed to be the primary source of colon'ising Deleatidjum. Scrimgeour

et al. (1988) emphasjsed the importance of refuge areas as a source of
colonising larvae, and jn th'is study such an area was represented by the

Control Reach and other upstream areas.

5.1 Conclus'ion

In rivers such as the B'ig Hohonu, where a narrorlv stream occupies a

comparativeìy broad flood bed, the stream naturalìy changes its meander

pattern from time to t'ime. The diversion of the Big Hononu was not

"straíght-jacketed" jnto a confined sluice between stopbanks, and had

little effect on the aquatìc fauna in the medium term, l¡ecause it vgas

not djssimilar to events that happen in nature when large fìoods occur.

D'iversìon of the Big Hohonu R'iver had a severe, but short-term,
ìmpact on the aquatic invertebrate fauna. The rate of recovery of the

invertebrate fauna of the Diversion Reach was probably enhanced by the

proximìty of the Control Reach, which was a source of colonìsers.
Hence the composìt'ion and relative abundance of taxa in the two reaches

was simi I ar.

The effect of the djversion on fìsh was confused by the effects of
fl oods , wh i ch possì bìy deì ayed recol onj sati on. Fi sh numbers and

diversity both decreased following diversion, but numbers were showing

si gns of recovery af ter 12 months, espec'ia1'ly for the most abundant

specìes, bìue-gìl'led bu1ly. The reduction in the eel population was

offset to some extent by an jncrease in trout numbers, but it seems

1ìkeìy that the change in relative abundance would be short term. We

antìc'ipate that relative abundance would return to the originaì balance

wjthin another year or two, provìded that the channel morphology settìed
down.

Red-fi nned bul l'ies and koara can be expected to return in due

course, âs the channel stabi I ises. The dìsappearance of barely

represented species cannot be regarded as sì gnifjcant. If sui table

habitat re-establjshes, it wi'll be occupied by short-iawed kokopu. If
channel morphol ogy cont'i nues to sh if t, the pers'istent depos i ti on of
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fi nes from erosi on of the true ri ght bank wi I I prevent the habi tat
recovering, and eels jn particular wjll not regaìn thejr former

abundance.

6. RECOMMENDATIONS

In such a dynam'ic waterbody as the Bjg Hohonu River, there js

nothing to be ga'ined from elaborate stream ìmprovement structures. Not

onìy will floods remoVe any such structures, but should any by chance

remain, jt would be solely because the channel had shjfted and by-passed

them.

The cutting of a diversion channel is seen as greatiy preferabìe io
jnstream mìnìng and/or discharge of sediment-laden water. The channel

should be sufficientìy broad to allow the stream to adopt jts own

meander pattern and thus develop varjable flow types. The coarsest

substrate material available should be distributed on the surface of the

nerll channel. The planting of natural rìparian vegetatìon js

recommended where there i s a reasonable chance of j ts becomì ng

established.
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APPENDIX I. ft4ean nurbers and bicmæs (g) of fish by ìength and area of water type for
sections fished, and estinnted nurbers and bjqnass for the entire reach, in the
Big Hohonu River Djvers'ion Reach, i987-1988.

No. and bianass
per 'lìnear 

m

lb. and bicnass
per 10 nf

fib. and biønass
per linear m

Ib. and bicnass
per 100 nÊ

BLI,E-GILLID zuLLIES LONG-FINNED EELS

16.62
13.522

Aug 87

Dec 87
Mæ 88

Jun 88
Sep 88

3.059
I.233

Arn Q7

Dec 87
Mæ 88

Jun 88
Sep 88

3.r32
0
0.576

0.306
0
0.059

Aug 87
Dec 87
fvlar 88
Jr¡ 88
Sep 88

Aug 87

Dec 87
Mæ 88

Ju¡n 88
Sep 88

Aug 87
Dec 87
Mar 88
Jun 88
Sep 88

Aug 87
Dec 87
Mar 88
Jun 88
Sep 88

Aug 87

Dec 87
Mar 88
J¡ 88
Sep 88

r.2ß 4.860
0.514 2.510
0.508
0.147 0.628
0.228 1.016

24.517 95.M

4.885
1.663 7.r27
1.771 7.æ2

î 4q1 1?1,241

i.¡æ
2.833 r2.2L8

i6.300 75.943

5.846
4.883 2L.ß7

10.557 52.956

æ.491 r33.24L

5.5m
3.140 13.58

L4.45 68.518

Runs

Aug 87 0.n4
Dec 87 0.144
fvlar 88 0.437
Jm 88 0.305
Sep 88 0.082

Riffìes

Arn R7 1-155
""J -'

Dec 87 0.305
tvlar 88 0.433
ùn88 0.061
Sep 88 0.t24

Rapids

5.392 y7.ffi

4.M
3.455 183.728
0.639 17.586

11.186 4F,2.2ß

4.027
0.546 n.587
1.923 19.075

tã.rgq
2.269

Riffles

" 
1L7

0.702
0.575
0.314
1.053

17 7q?

2.956

1.355
4.n7

41.7æ
15.591

õ
1.312

Oilóined Riffles æd Rapids

1.155 47.7æ
0.305 15.591
0.sl
0.051 2.588
0.1æ I.25I

õ
12.UT

11.186 M2.2æ

3.750
0.465 23.483
1.488 17.060

Rap'ids

0.571
0.521 2.28I
1.078 5.410

Cflbined Rjffles and Rapids

3.147 13.752
0.702 2.956
0.573
0.346 r.497
1.059 5.024

Aug 87

Dec 87
Mæ 88
Jun 88
Sep 88

Pool s

Est'imated popu'lation and bionass of blue-
gilìed bullies for the reach, including
sect'ions not fished

Aug 87 S1 fish, 23f,79
Dæ 87 254 fìsh, 1106g

Mar 88 ZIL f ish,
Jun 88 147 fish, ß2g
Sep 88 397 fìsh, 1846g

Pools

0.247 2.7U 2.7L3 D.7LI

õ.0¡r 
-o.rzz 

õ.sgo z.ru
0.063 1S.313 0.868 1809.896

Estjmated population æd bjonass of long-
fjnned eels for the reach, including sect'ions
not fished

Aug 87 171 fish, 83299
Dec 87 118 fish, 96689

Mar 88 2I2 fish,
Jr.m 88 98 fish, 54589

Sep 88 41 fish, 16149

00
00

õõ
00
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APPENDIX I. (cLd.)

No. md bionms
per lìnear m

ttb. and bìcrnass

ær 100 nÊ

No. æd biqnass ltb. and bicmass
per 'linear m per 100 m2

BRù¡T'I lROUl'

Rapids

0.143
0.063 1.081
0.196 5.ß1.

Csnbined rjffles and rap'ids

0.186 7.W
0.260 L.479
0.418
0.I47 48.530
0.100 3.591

RÐ+INNED BIJUY

0.u6 0.2n
00
0.038
00
00

0.5æ 4.496

Riffles

Auo 87

Dec 87
lvlar 88
Jr¡88
Sep 88

Rapi ds

Combjned riffles æd rapids

0.037 0.250
00
0.m7
00
00

Pool s

0.ß2 0.æ2 0.904 8.818

Estjmated population and biqnass of red-
f inned buììy for the reach, inc'luding
sections not fishd

9 fìsh, Zg
0 fish.

13 fish,
0 fish.
0 fish.

Riffles

0.036
0.ß1
0.L22
0.117
0.079

0.ß6
0.2û
0.554
0.163
0.071

r.w
0.n7

2.9ß
3.G6

7.M
7.479

57.151
3.027

0.362
00
00

tug 87
Dec 87
Mar 88
Jr¡ 88
Sep 88

Aug 87
Dec 87
Mar 88
Jun 88
Sæ 88

0.361 2.418
00
00
00
00

0.037 0.250
00
00
00
00

Auo 87

Dec 87
tvlar 88
Jun 88
Sæ 88

0.re -
00
00

õ.ozo -
00
00

Arg 87
Dec 87
Mar 88
Jr¡ 88
Sep 88

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

0.361 2.418
00
0.065
00
00

Aug 87
Dec 87
fvlar 88
J¡ 88
Sep 88

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

Aug 87
Dec 87
fvlar 88
Jm 88
Sep 88

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

Arg 87
Dec 87
fvlar 88
Jr¡ 88
Sep 88

0.712 n.4W

T.176
I.322 33.W
0.d.0 23.917

1.804 67.856

5.151
1.468 515.468
1.æ9 46.850

1.461
0.586 10.137
1.919 53.455

1.æ4 67.856

4.m
1.337 m.ru
1.364 48.983

Pools

0.063 3.3&r L.179 63.856
0.063 5.156 0.868 n.fls

Estjmated populat'ion æd bionass of brovn
trout for the reach, including sections
not fished

Aug 87 24 fish, 76lg
Dec 87 86 fish, 4729
Mar 88 ?3 fish,
Jun 88 79 fish, 4IMg
Sep 88 53 fish, ZItßg

õõ
00

õõ
00
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APPENDIX I. (ctd.)

No. and biqnass lrb. and bicmss ltb. ard biomss ltb. and bìqmss
Date per 'l'inear m ær 10 nÊ per lineæ m per 100 nÊ

Pool s

Aug 87 0.010 0.156 0.æ3 3.062 Aug 87 0 0 0 0

Dec87 0 0 0 0 tþc87
Mæ88 0 0 0 0 fvlarSS

Jun88 0 0 0 0 ,].¡n88 0 0 0 0

Sç88 0 0 0 0 SeP88 0 0 0 0

Rìffles Est'imated population and bimass of koaro
for the reach, incld'ing sectjons not

Aug 87 0.149 2.0æ L.43 19.666 fished
Dec87 0. 0 0 0
Mæ 88 0 0 0 0 Aug 87 12 fish, 139g

Jun88 0 0 0 0 tþc87 Ofish.
Sep88 0 0 0 0 Mar88 0fjsh.

Jrn 88 0 fish.
Rapids SeP 88 0 fish.

Aug 87
Dec 87
Mar 88
Jun 88
Sep 88

ôoõõ
0000
0000

- = no data.
--- = water t¡,pe wæ not present during saplìng.
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(g) of fish, by length and æea of water type, 'in the
Reach, 1987-1988.

No. and bionnss ltlo. æd biqnass
per l'inear m per 100 nÊ

]tb. and bicrnass
per ìineæ m

filo. and bicrmss
per 100 nÊ

BLIJE-GILLED zuLLIES LONG-FINNED EEIS

Arg 87
Dec 87
Mar 88
Jm 88
Sep 88

Riffles

Aug 87

Dec 87
Mæ 88
Jun 88
Sep 88

R'iff les

0.930 4.W 11.344 52.978

l.ffi 6.m0 2..857 94.2æ

1.465 28.130 17.%7 343.052

7.130
4.601
7.2n
o'3u

Aug 87

Dec 87
Mar 88
Jr¡ 88
Sep 88

Rapids

Ar9 87
Dec 87
lvlar 88
Jr¡ 88

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

Rapi ds

Aug 87
Dec 87
Mar 88
Jun 88

Aug 87
Dec 87
Mar 88
J¡ 88
Sep 88

Pools

Aug 87

tþc 87
l4ar 88
Jr¡ 88
Sep 88

0
2.m
0

Aug 87
Dec 87
Mar 88

Jun 88
Sep 88

Pools

Aug 87

Dec 87
Mar 88
Jr¡ 88
Sç 88

0.706 3.2U
2.383 9.957
I.4T2
0.:76 0.360

0.v2 2.838
2.383 9.957
0.569
0.076 0.360
0.314 r.T4

00
0.i20 0.596
00

10.695 49.733
æ.6Ð 119.632
21.7I9
2.2n rc.07

6.650 A.m
n.6n 119.632
19.980
2.2n 10.607
8.154 35.660

0
9.933

0

0.792 24.ffi
0.383 11.366
0.i02
0.013 0.823
0.æ6 0.754

9.7L4 S1.687
4.601 136.554
3.570
0.æ5 24.2M
2.224 19.570

0.477 6.541
0.383 11.366
0.47r
0.013 0.823

99.1æ
136.554

24.2M

0.452 2.594 5.018 n.8I7

0.489 19.556

Sep 88 0.314 1.374 8.154 35.6m

Conbined rjffles and rapids

0.968 U.M 10.753 383.154

0.067 2.67

Sep 88 0.æ6 0.7il 2.224 19.570

bnùined riffles æd rap'ids

0.062 1.406 0.7U 17.792

0.125 - 2.717
0.040 r24.w 0.ffi7 M.ffi7
0000
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APPENDIX II (ctd)

No. and bicrmss
per linear m

Îtb. and bionass
ær 100 nÊ

No. and biomss
per fineæ m

ttb. and biumss
per 100 nÊ

RÐ+INNED zuLLYBROhN IROUT

0.140 3.733 I.702 45.519

0.323 10.284 3.5f,4IL4.265

0.056 2.222

0.0æ 0.569 0.741, 14.752

Csnb'ined niffles and rapids

0.æ0 0.6m 2.851 8.t1

1.783 19.786
00
1.810

99

0onbined rjffles md rapids

0.u2 0.458 0.511
000
0.010 - 0.357
000
000

Pool s

Aug 87 0 0 0 0 Atg 87 0.118 1.S6
Dee87 0 0 0 0 Dec87 0 0
Mæ 88 0.235 - 3.620 - Mar 88 0.118
Jrm 88 0.031 1.153 0.922 3.968 Jun 88 0 0
Sep 88 Sep 88

Arg 87
Dec 87
Mar 88
Jm 88
Sep 88

5.624
0

0
0

Arg 87
Dec 87
Mar 88
Jr¡ 88
Sep 88

Ang 87
Dec 87
Mar 88
Jr¡ 88
Sep 88

Runs

Atg 87
Dec 87
Mar 88
Jr¡ 88
Sep 880

Rums

Aug 87
Dec 87
Mar 88
Jun 88
Sep 88

R'iffles

Rapids

Riffles

Rapìds

Pmls

00
00
0.133 1.8m

00
00
2.424 A.I82

0.208 6.æ2
00
0.071
0.031 1.153
0.0æ 0.569

2.5ffi 81.493
00
2.497
0.922 3.968
0.74I 14.752

1.359
00
0

õ
0

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

Aug 87
Dec 87
Mæ 88
Jun 88
Sep 88

0.063
00
00

Aug 87
Dec 87

Mr 88
Jun 88
Sep 88
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APPENDIX II. (ctd)

No. and biomass No. and biomass No. and biomss ltlo. and bicnass
Date per l'inem m per 100 nÊ per ìineæ m per 100 nÊ

Rr"ms Pools

Aug 87 0.023 0.333 0.n4 4.056 Atg 87 0 0 0 0
Dec 87
Mæ 88
Jun 88

tþc 87
Mar88 0 0 0 0
Jm88 0 0 0 0

SepBS 0 0 0 0 Sep88 0 0 0 0

Riffles Rapids

Aug 87 0.235 1.n8 3.565 26.025 Atg 87 0.581 10.103 6.4521L2.2ß
Dec87 0. 0 0 0 Þc87
Mar88 0 0 0 0 fv1ar88 0.067 - 2.67
Jun88 0 0 0 0 Jun88
Sep88 Sep88 0 0 0 0

Coôined rjffles and rapids

Aus 87 0.583 7.133 5.624 87.n6
Dec87 0 0 0 0
Mæ 88 0.061 - z.ln
Jun88 0 0 0 0
Sæ88 0 0 0 0

= water t¡pe wæ not present during satpl'ing.
- = no data.
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