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TH!: LIBRARY t 
UNIVERSITY OF CANTERBURT 

CHKiSTCHL1ft.CH, N.Z. 

SECTION 1; 

1.1 Introduction and Aims of the Present Investi tion: 

Where the Avon and Heathcote rivers meet before 

dischargi~g into the sea, an area of mudflats has 

been formed, commonly termed the Avon - Heathcote 

or Christchurch estuary. It~ is roughly a tri-

angular shaped region, approximately three square 

miles in area .. Of this area about ~ consists of 

exposed mudflats at low tide. 

Previous studies on the estuary biota have 

been those~cThompson (1929), Bruce (1953), 

Williams (1959). Rosenberg (1962), and ~stcourt 

( 1962). The last author has an excellent review 

of previous work. 

The aims of the investigation were as follows: 

(1) To provide a general survey of the fish 

population of the Christchurch estuary, as a basis 

for future comparison with other New Zealand 

estuaries. 

(2) To investigate the feeding, sexual 

maturity and size relationships of the estuarine 

fish populations, and relate these to the 

respective habitats occupied. 



(3) To note the occurrence 9 and where 

possible9 the incidence of the fish parasites. 

(4) To provide data and material for future 

research work on estuarine fish biology. 

(5) To provideD where possible, a brief and 

simple account of relative growth rates. 

The present investigation was started on 

23rd April. 1965. and owing to unfor~socm 

circumstances, had to be terminated on the 8th 

December , 1965. However, various additional 

samples were taken at certain periods after 

this date (see appendix 1). 

1.2 Sampli Procedures: 

Two nets were used: 

(a) A small otter trawl measuring 24 feet 

across ~hd head rope and 13 feet from mouth to 

end of cod end. with the latter measuring 4 

feet. The dragging gape of the net was 10 feet 

wide and approximately 5 feet deep. Mesh size 

was even throughout being 2 t1
• The otter 

boards, l~' x 2~t were supplied by Mr. R. Mundy 

of the Christchurch Marine Department. This 

net was towed behind the 12 foot boat, using a 

~ h.p. Seagull motor, by two 85 feet lengths of 

treated hemp rope. 



(b) A 2~u meshed Herring gill net which was 

used in two ways. either as a gill net for 

Aldrichetta forster!t and Anguilla australis,* 

or as a beach seine. When used as a beach seine 

an extra lOlb. of lead was used on the lead line 

for more effective sampling. The net itself was 

5 feet wide and 66 feet long, with the net being 

spread by two 4 foot poles, one at each end. 

This use of the poles was necessitated by the net 

itself having no purse. Ropes were provided by 

the Christchurch Marine Department, each rope 

being 1:80 feet long. When empty the gill net 

had a tendency to bounce over the suBstratum 

owing to the lightness of the net material.. 

Dip nets, used as scoops, and also bai ted, 

were employ~d around the shoreline. These 

produced qualitative results only, since the 

catc~ny technique was based on chance. owing 

to depth of water, the large expanse of water 

area, and the prevalence of inaccessible niches. 

Juvenile stages of many fish species were captured 

by this method e.g. Aldrichetta fBnsteri, 

* A list of the scientific and common names of 
the fish species encountered will be found on 
pages33-34. 

30 



Rhombosolea plebeia, lla australis. 

Tripterygion nigripenne. Acanthoclinus quadridactylus 

and one Bovichtus variegatuse 

The effectiveness of these sampling techniques 

varied considerably with the fish species and the 

type of habitat sampled: 

(a) The beach seine (modified gill net) and Otter 

trawl: 

1. In all cases the large mesh sizes (2 H 
- 2"2") 

meant that only individuals above a certain size 

were caught. 

2. For the flatfish and yell~yed mullet, 

the efficiency was considered suitable for fish 

above a certain size range e.g- mullet (180 m.m.) 

and flounder (90 m.m.). 

3. For kahawai, red cod, and eels these two 

sampling methods were unsatisfactory owing to the 

slowness of the trawling. the speed and sensitivity 

of the fish. and the inaccessibility of the habitats 

(e.g_ Monck's Bay shoreline for red cod). 

4. ~eoooUIDrus celidotus was caught only in 

sufficent numbers when this species moved away from 

the shoreline areas. Obstacles hindered trawling 

close to the shoreline. 

4. 



5. heroides richei was caught in large 

numbers by the beach seine; while the otter 

trawl proved less efficient in this respect. 

(b) Scoop ne ts: 

This sampling method was ineffective 

quantitatively for all species, except the bullies, 

owing to depth of water, and to Qchance' sampling. 

The method proved fairly successful for the 

bullies because of the confinement of the various 

habitats, by surrounding shore line and shallow 

waters. 

Poison was experimented wi th (Ataked -

Rotonone) but was found unsatisfactory. This 

was principally due to three main factors: 

(a) Since ~otonone is a chemical compound, 

its effectiveness is dependent on the temperature. 

The experiments were conducted in winter time, 

when the temperature averaged 8.400 C;: no results 

were obtained after l~ hours waiting. 

(b) The lack of retaining boundaries to confine 

the affected fish was a serious drawback since the 

poison effect is not instantaneous, allowi~ 

the fish ample space in which to escape. 

5 .. 
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(c) The presence of water currents at all times 

rapidly dispersed and diluted the poison until its 

strength became ineffective. 

Baited fishing lines were used at the beginning 

of the research. only to be found impracticable. 

These lines were of nylon. 100 yards long. on which 

hooks were tied, one yard apart. A lead anchor 

weighed down one end. the other being tied to a 

convenient post. Of some 600 hooks baited over a 

three week period, only 15 fish (Aldrichetta forsterj) 

were caught .. 

A number of fish were caught by anglers, and in 

this respect, I am particularly indebted to Mr. M. 

Mitchell, who provided a large number of Spheroides 

:,!.chei t Pse udo labrus ce lidotus and Phy si culus 

bacchus (from Monck's Bay). 

The various collecting points and sampling 

areas are illustrated on figure 1.1. 

Other equipment used consisted of one 12 foot 

plywood boat, one 3~ h.p. Seagull motor, measuring 

board (graded in millimeters to 3 feet) and scales 

(weights were taken to ~ OZtSt and later converted 

to grams). 

When caught the fish were placed in muslin 

bags and stored in a transported 5% formalin tank. 

6. 



If time permitted the fish were cut open to allow the 

immediate stoppage of digestion. 

Sampling results were slightly distorted owing to 

the help gi~en by the Marine Department. who one week 

every two months, tagged flounders (excluding 

Peltorhamphus novaezeelandi~e) in Monck's Bay 

(see Appendix table 1). Thus the total fish 

numbers used in the length - frequency figures for 

Rhombosolea plebeia and Rhombosolea orina (refer 

iection 3 below) exceeded the total numbers dissected 

for these species. During these weeks with the 

Marine Department the following samples were 

collected: (i) all the untagged fthombosolea 

plooei!a and Rhombosoleaieporiila from one day's 

trawling plus a full list of all the length 

measurements from one dayts catch (thus eliminating 

bias for length/frequency and length/weight 

caloulations in Section 3 below); (ii) a daily 

sample of all the other species caught excluding 

Rhombosolea plebeia but including Rhombosolea 

leporina; (iii) the total numbers of the less 

abundant spe cie s } e. g., Pse udo labrus celidot us and 

Tri 1a kumu. 

1.2$ 1. Prob lems Encounte re d: 

Below is a summary of the major difficulties 

encountered while sampling: 

7. 



(A) Currents: The manoeuvreability of the 12 

foot plywood boat was severely hampered by water current 

velocities. At Monckts Bay the low tide current 

has been officially recorded at 8 knots, while 6 

knots were recorded on the incoming tide. Netting 

was impossible above 3 - 4 knots. 

(B) Wind: Wind velocity caused considerable 

inconvenience to both boat manoeuvrability and to 

fishing operations. A velocity of more than 11 -16 

knots made fishing impossible owing to wave action. 

(C) Effective operation of both nets was limited 

owing to, (i) they were not truly efficient in 

sampling covering only a small area, (ii) the nets 

could not be handled effectively by one person, 

(iii) fish had time to escape from the nets because of 

s lowness of the traw ling. 

(D) Constant repairing of equipment\ e.g., nets, 

boats, outboard motor, reduced the number of sampling 

days. 

(E) Obstacles: These included branches, tree 

trunks and other rubbish embedded in the substratum 

where they snagged and ripped nets. 

(F) The instability of the mudflats and channel 

location~ proved inconvenient, in that a number of 

8. 
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sampling areas became unusable or were constantly 

shifting their location. 

(G) The popularity of the estuary for the public 

provided a nuisance in that nets were entangled and 

fish frightened from trawling areas. The public 

presence also meant that certain fishing techniques 

could not be used, e. go) fish traps, set nets and lines, 

and set gill nets. 

1.3 The Environment: 

1.3.1 ieal Conditions: 

Temperatures: 

Water temperatures were taken 1 - 3 times per week, 

at different states of the tides, and at different 

vertical depths. 

Fig. 1.2 (a) gives the mean water temperatures 

from April, 1965, to April, 1966, the extreme maximum 

and minimum temperatures over the same time period, 

and the mean air temperatures (monthly) from the 

recordings at the Christchurch Sewage Treatment Works, 

Bromley. (for comparisons). 

It will be noted that all mean monthly air 

temperatures were lower than the mean water temperatures 

of the same period,and that the air temperatures had 

9. 
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lower summer month recordings than those found for the 

estuarine water. These differences may have been 

caused by the relatively early morning recordings of 

the air temperatures (9 a.m.) since the water 

temperatures were taken from 11 a.m. - 2.30 p.m., thus 

giving the estuarine water additional time for a 

temperature increase. The coldest month was July for 

both air and water temperatures, wh,ch correlates 

Moore1s (1962) assertion that the lowest temperatures 

occur 4 - 5 weeks after the mid-winter period. 

Although Fig. 1.2 (a) is not complete, 

the range of temperature appears to conform to the 

accepted opinions concerning estuaries, i. eo, that the 

temp,erature range. a !though not show ing the extremes 

of land surfaces, is very much higher than those of 

the sea. Thus, the temperatures for January -

February (water means) could be expected to reach 19 - 200 C 

with the extreme maximum perhaps attaining 22 - 230C. 

If this can be assumed, the mean water temperature 

range for the estuary year would be 12 - 130 C (compare 

Moore, 1962 reprint, p.200). 

In Fig. 1.2 (b) the high and low tide 

mean temperatures have been plotted per month, although 

there was irregularity in the recordings during 1966. 

The low water readings, as would be expected, showed 

10. 
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sharper variations than did high water owing 

probably to the extreme heating and cooling of the 

mudbanks t and to the shallower waters over the 

mudflats being greatly influenced by air 

temperatures .. 

It was found that when the incoming tide 

encroached onto the mudflats, the water temperature 

paralleled that of the mudflats 9 but that once the 

water depth increased. the temperature dropped 

towards the figure expected for sea water. 

This would partially account for the lag in high 

water temperatures during September - November. 

On a number of occasions in June - July when the 

air temperatures fell below 20 0F t the mudflats 

were found frozen at the high water level. 

Although these two figures illustrate the main 

temperature variations, they show only part of 

what is a complex pattern. What are not shown 

are the variations that occur on the same tide 

at different locations and at different depths. 

Table 1.1 lists a number of temperature recordings 

along with their respective dates .. 

In Table 1.1 (a) the temperature 

recordings show clearly that at different points 

in the estuary, the water temperature may vary from 

1 - 30 C. Although the time lapse between recordings 

varied from ~ - ~ hours. this recording discrepancy 

was not considered to have any appreciable affect 
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on the results. since the tidal changes in the estuarYt 

although steady, were slow. 

In table 1.1 (b) a difference of lOC appears to 

occur in the first 4 5 feet of water. This was 

probably caused by the surface water being more 

susceptible to atmospheric change. and to the presence 

of turbidity at lower depths, which kept the temperatures 

fairly constant through the disturbance created by 

eddies and currents. and by the suspended mud· and 

sand limiting the penetration of light. 

Tides and Currents: 

The tidal influence, as would be expected, was 

found to be very important. in that temperatures 

were affected in various parts of the estuary. 

The movements of a number of fish species had also to 

be timed exactly with the tides and currents. Fig's 

1.3 (a) and (b) illustrate the observed current flow 

in the estuary, both:,for incoming and outgoing tides. 

These currents were subjected to variations owing to 

shifting mudbanks and river channels. The shaded 

areas represent the highest mudflat areas, those 

covered last and exposed first, by the tides. 

Another important estuarine feature was the 

variations in high and low tides. Because of the 
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sand bar at the estuary mouth"the low tide changes 

deviated from those for Lyttelton (local efficial 

standard tide times). Two other contributing 

factors were the length of the estuary itself. and 

the volume of river water moving out of the estuary, 

(DaYt Millard and Broekhuysen t 1954). Low tide 

was found to be 40 minutes later at the Heathcote 

Bridge than at Lyttelton, and 120 minutes at the 

Dyers Road Bridge. The estuary, however, starts 

filling up noticeably before these times, owing to 

the banking up of the river water. The importance 

of this tidal difference was reflected in certain of 

the fish movements, e.go,Aldrichetta forsteri 

started its tidal migration from Monck's Bay 'into 

the central estuary 20 - 30 minutes after the 

official low tide (Lyttelton). This may be 

illustrated by the following list: 

Date 
9/9/65 

12/10/65 

Location 
Monck's Bay 
(Beach Seine 
x 2) 

Monck·s Bay 
(Beach Seine 
x 2) 

Numbers of 
A. forsteri Time 

o 45 minutes after 
low tide 
( Ly t t e It 0 n ) 

33 15 minutes before 
low tide 
(Lyt te 1 ton) 

High tide shows similar tidal deviations in time 

lag. Although the estuary started visibly emptying 
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5 - 10 minutes after the predicted high tide (at the 

Heathcote Bridge), it was some 40 - 60 minutes before 

the inward flowing estuarine currents reversed. 

Chemical Properties and Pollution: 

Considering the importance that the estuary and 

the Avon and Heathcote Rivers have to the Metropolitan 

area of Christchurch t it is surprising how limited 

past investigation has been into the chemical and 

pollution aspects of the estuary. Into this area 

flows the treated sewage, factory wastes, surface 

runoff and the array of miscellaneous rubbish 

associated with a city of ~ million people. 

Linzey (1944) gave data v based on hourly samples 

for one tidal cycle, on the tidal heights, water 

velocities, sal41nity, ph, Silicate, and C02 

concentrations, at the points where the two rivers 

enter the estuarYi and further information at 

selected points in the two river channels at high and 

low - water pe ri ods. 

Bruce (1953) published the first attempt at a 

detailed survey of the chemical and bacteriological 

composition of the Christchurch estuary water. It 

was found that high pollution took the form of high 
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counts per mI. of Escherichia coli (faecal indicator). 

a low ammonium nitrogen: albumoid nitrogen ratio, 

e.g", 1:0.32 (ratio;;:; 1:5 for unpolluted water), a 

high B.O.D. (Biological Oxygen Demand), e.gO) 60-90 

ppm (unpolluted watter ~ 2.5 ppm), and high nitrate 

values (normal = .008 ppm). She cnncluded that 

pollution occurred allover the estuary, with the 

highest concentrations being near the Dyers Road 

and Heathcote Bridges/and the least pollution in 

Monckts Bay and Shagrock regions. 

Hogan and Wilkinson (1959) studied in some 

detail the sources of pollution that occurred in 

the Avon and Heathcote Rivers. They found, after 

investigating the concentrations of oxygen 1 ammonical 

nitrogen, albumoid nitrogen and coli,formbactj.eria 

(Escherichia coli) that pollution was greatest in the 

estuary headwaters than at Shagrock; that the 

Heathcote River was 10 - 20 times more polluted than 

the Avon; and that the seasons had a marked but varying 

effect on the two rivers. They finally concluded 

that the Heathcote River could not cope with the 

polluting materials being emptied into it, while the 

Avon River was able to deal satisfactor~ly with the 

po llution. 
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Because of insufficient time and suitable 

equipment. chemical and pollution tests were not 

carried out. However, Moore (1962) states that in 

general, the lowering of temperature tends to 

reduce the to Ie rance of est uari ne specie s to low 

salinities. Where this applies to fish species 

is uncertain. but it may partially explain why so 

many of the estuary fish were seasonal. 

Wind: 

The wind velocity produced varying behaviour 

patterns in certain fish species. Flatfishes 

were unaffected by high winds and heavy wave actio~ 

while most of the other species, especially 

i:Udrichetta forsteri remained in the ,deeper waters, 

very rarely venturing onto the shallower waters. 

What effect the water transparency had on the 

samples is uncertain, but it seems possible that 

in clear water (above 6 - 7 feet) fish samples 

would tend to be smaller than samples taken from 

water of poor visibility. During most of the 

investigation, and for most of the fish sampling, 

the transparency of the water ranged from poor 

(1 - 2 feet) to moderate (3 - 5 feet), caused by 

the turbidity over the mudflats. and to the 

outpouring of the green coloured water (colouration 
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caused by green algae) from the sewage outlets. 

1.3.2. Habitats: 

Seven major habitats were recognised in the 

estuary, all having their own peculiarities and fish 

fauna combinations. A brief account of these 

h a bit at s follow s (F i g. 1. 4 ) • 

1. River Channels: 

Owing to the tidal nature of the estuary and the 

effect of river flow, the substratum of the channels 

varies from sand at the river junctions to pre-

dominately mud near the Avon and Heathcote Bridges. 

Shell deposits e.g. Chione stutchburyi and Mytilus 
I • -

planulatus were extensive, either in the mud and 

sand, or lying on top of the substratum where they 

provided shelter and protection for crustaceans, 

crabs, mollusca (Notoacmea parviconoidea) and 

polycheates. 

Decaying vegetation. in the form of Ulva lactuca, 

Enteromorpha intestinalis, Zostera marinij and debris, 

such as leaves and branches brought down by the rivers, 

formed a very important feature of the habitat. They 

provide food for Aldrichetta forsteri, crustaceans 

and mollusca, shelter for the invertebrates and flounders, 

and protection for young fish especially flounders and 
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whitebait. and invertebrate larva such as amphipods. 

young Chione stutchburyi and the megalopa larvaeof crabs. 

Ulva lactuca Enteromo ha intestinalis and occasionally 

Gracilaria rifera were swept up the channels by the 

tidal currents. Ulva and Enteromorpha displayed a 

seasonaJ cycle in abundance with a decrease in winter 

and an increase in summer. The summer increase started 

in mid-October in the lower reaches of the channels, and 

gradually spread through the estuary, reaching Dyers 

Road and Heathcote Bridges by early November. Densities 

of Ulva were not calculated but previous estimates have 

ranged from scattered unattached areas to dense zones 

of 6000 - 8000 gms. 1m2 (Williams, 1959). 

Invertebrates occurring in this habitat were (a) 

Mollusca: Chione stutchburyi predominatitig with 

Macomona Liliana (in a few places), Zediloma corrosa 

and Cominella lucida. In the deeper. lower reaches 

of the river channels Amphidesma australis and 

Notoacmea arviconoidea occurred. (b) Crustaceans: 

crabs (Hombronia depressa, Hemigrapsus crenulatus 

and Helice crassa) occurred with amphipods (families 

thought to be Calliopiidae, Gammaridae. and 

Oedicerot~dae). while shrimps and crab larvae existed 

in the upper reaches of the Avon channel. 

18. 



(c) Polychaetes: these were not very well known over 

the estuary, but Nicon aestuariensis is common (Estcourt 

1962 - unpublished thesis). 

The fish species that invaded this habitat were 

either permanent, e. go, Aldrichetta forsteri, Rhombosolea 

leporina, Rhombosolea plebeia, Arripis trutta (in 

lower re ache s on ly) ; or seasona 1, e. go, Sphe roide s 

richei, Pseudolabrus celidotus, Galaxias attenuatus, 

A~guilla australis, Stokellia anisodon and Salmo 

trutta, these species using the river channels as 

passageways across the estuary. 

2. Monckis Bay: 

T his i san are a w hie his sw e p t by sw if t cur r e n t s , 

both surface and subterranean, owing to tidal and 

river flow. 

The substratum consists of coarse to fine sand 

in which are embedded thick shell deposits. This 

area is continually being altered, either deepened 

by scouring or filled by deposition depending on the 

season and precipitation. This was demonstrated 

on the 22nd August, 1965, when, after a heavy two 

days of rainfall, an aggraded shelf was formed in 

24 hours along the Redcliff's shoreline. This 

shelf measured 150 yards long by 50 yards wide and 
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came to within 1~ feet from the surface. Five days 

later the area had degraded to its normal depth of 

10 - 12 feet. 

Embedded in the sand occurred large obstacles, 

tree trunks or branches, which formed a serious 

hindrance to net fishing and to fish research. 

On the 12th August, 1965, nine such obstacles were 

cleared from an area 100 yards long in front of the 

Fishermanls Wall. The obstacles appeared to be 

used by polychaetes for shelter and protection 

(52 were collected from one tree trunk -

americana). by crabs for shelter, and by mollusca, 

e.g~ Notoacmea parviconoidea as a substratum. 

The beds of shells were used by flounders as 

feeding areas, for Notoacmea, amphipod'st isopods t 

young Chione stutchbur i, juvenile Amphidesma 

austral~ and occasionally for polychaetes. 

Monck1s Bay was also a breeding area for --=------hide sma 

Notoacmea, Macomona lili8n8 and, in places. Chione 

(discovered from fish gut contents analysis). 

A schematic transverse section of Monck's Bay 

iss h ow n i n Fig. 1 .. 5 .. 

An increase in Ulva lactuca was noticeable 

in early summer (mid-October) along with Enteromorpha 

and Macrocystis pyrifera. 
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The invertebrates found on this habitat 

were (a) Mollusca: Amphidesma (predominated), 

Chione, Notoacmea and Zediloma (along the 

shoreline). (b) Polychaetes: GI~cera 

americana was present along the shoreline and 

in the deeper regions of Monck's Bay. Other 

species are not, well known, although Pisione 

and Eumenia were thought to b~ present. (c) 

Crustacea: crabs were Petrolithes elongatus, 

Hemigrapsus crenulatus and Ovalipes bipustulatus 

(s\vimming crab); amphipods (family Gammziridae); 

and isopods (JVIetacirolana ,japonica and Zenobiana 

tubicola). The external is6pod parasite 

Nerooila orbignyi was occasionally found attached 

to Rhombosolea plebeia, Rhombosolea- ~eporina 

and PhysiculUs bacchus. 

The fish fauna of Monck's Bay was the most 

diverse found in any of the habitats. It is 

through this region that all fish must enter 

from the sea to travel up the estuary. The 

species present included Arrip~s trutta, 

Aldrichetta forster~, Rhombosolea plebeia, 

Peltorhamphus novaezeelandiae, Spheroides 



richei (seasonal), Salmo trutta (seasonal), 

Latridopsis ciliaris (seasonal), Galaxias 

attenuatus (seasonal), and Geniagnus 

monopterygius. 

3. Rocks along Monck's Bay and Redcliff's 

shoreline: 

For location see fig. 1.4. This was a 

narrow region composed entirely of rocks, 

pebbles and boulders. It was also an area 

exposed to a greater or lesser extent during 

the tides, and thus was subjected to a great 

range in temperature, not on~y seasonally 

but also diurnally (dessication, humidity 

change~and radiation are all varying physical 

factors.) 

Nytilus planulatus was the predominate 

organism of this habitat, forming dense areas 

from mid-low tide level to below the extreme 

low water level. The oc~urrence of Mytilus 

decreased the further one moved into the: 

estuary. Among the mussel beds were found 

PetrolithBs elongatus and Glycera americanao 

other invertebrates included Pomatoceros 

cariniferus, l\'lodiolus Neozelanigus, Elminius ------
modestus, Amaurochiton glauca,Sypharochiton 

Eelliserpentis, Scutus breviculus.:L J:I1elagraphia 
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aet~liops and numerous crustose algae and 

hydrozoans. 

VIva was a common algae forming dense mats 

at the low tide level. A~ongst the VIva were 

to be found shrimps, young ~gul;lla australis, 

Tripterygion nigripenne, young Pseudolabrus 

celidotus, Bovichtus variegatus and Acanthocl,us 

guadridactylus. 

4. Mud£lats 

This habitat occupied the greatest area 

of the estuary, approximately -it of the estuary 

being exposed mudflats at low tide. At high 

tide the entire estuarine mudflat was covered 

with a depth of water ranging from 5 - 6 feet 

to 6" (along the shoreline). The mudflats 

themselves may be divided into four sub;.;;.habitats~ 

(a) Most of the mudflats comprised a firm 

substratum of coarse or fine sand. The water 

content of the sand ranged from 28 - 48%, while 

the dry solids ranged from 52 - 72% (Webb, 

1964/1965 - unpublished report). As would be 

expected the physical factors 6f this area 

were severe in their variability. Temperature, 

radiation, humidity changes, dessication, 

salinity, and osmotic changes were all factors 



subjected to seasonal and diurnal fluctuations o 

Thus, Amphibola crenata, the mud pulmonate, was 

found inhabiting the mudflat surfaces from March 

to November, while from December to February 

the intensity of the physical conditions forced 

Amphibola to bury t - 1 inch beneath the 

substratum for protection o 

At low tide the mudflats contain only 

invertebrates,e.g~ Amphibola, Helice crassa, 

Zediloma corrosa, Chione, C da, 
(, ---..;....;.;..;....;.;..;....;.;..;....;.;-~--

and near the estuary moutlil" Amphidesma. 

DIva was the main algae oocurring in scattered 

unat tathed areas from 50 - 1000 grms. /m2 • 

Enteromorpha was also found in this area mainly 

ih th.<! moist areas () 

Zostera marina, the eel grass, has increased 

enormously over the last two years. Hosenberg 

(1962) stated that only three Zostera patches 

were to be found in the entire estuary, near 

the South Brighton jetty. In 1965/1966 

stera had spread along the Avon River channel 

banks, in front of sewage ponds 5 and 6, and 

had extended to below the Dyers Road Bridge. 

One noticeabl~ feature about Zostera was that 

it always occurred on raised mounds of sand 

and silt, suggesting a need for adequate 
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drainage. Exact causes for Zostera's sudden 

increase, however, are not known. 

Amphibola (15-50/m2 ) and Zediloma (28-90/m2 ) 

were characteristically zoned throughout the 

estuary, Amphibola occupying the mudflats close 

to the shoreline and tolerating from 7 - 10 

hours of exposure, while Zediloma occupied the 

central estuary needing water coverage for 

8-12 hours. Nicon aestuariensis occurred in 

moIst, soft mud areas. Helice Crassa was 

exclusive to the mudflat area and the more 

moist shallow depressions. 

Of the microscopic biota in the mud 

Euglena Limosa and Euglena salina were the 

most important. Other microscopic organisms 

included protozoa, minute platyhelminthes, 

nematodes and diatoms. 

\Vi th the incoming tide amphipods and 

fish encroached on to the mudflats for 

feeding purposes. The movement of amphipods 

was most noticeable in front of the sewage 

ponds where they were fed upon by Rhombosolea 

plebeia, Rhombosolea leporina and Aldrichetta 

forsteri. IDther fish species using the 

mudflats were Anguilla australis and Galaxias 

attenuatuso 
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(b) Below the Dyers Road Bridge occurred 

two inlets or bays connecting to the estuary. 

They differed from habitats (a) and (c) in that 

they took longer to become covered at high 

tidq, had a substratum of mud (very soft), 

posses,sed a numbe.r of areas, of rushes and 

Zostera, and lvere protected from wind driven 

waves. Through both bays fl~wed streams 

containing SEion~dae, Nicon aestuariensis 

and a few Amphibola crenata (10-15m/2 ), 

while at their headwaters during the summer 

months occurred dense concentrations of VIva 

(1000-3500/m2 ). 

On the mudflats themselves Amphibola 

2 increased i~ density to 28-50/m • 

Euglena limosa formed a yellowish-green scum 

on the surfac~ having a density of 10°9000-

500,000/ml. In the centre of one of the 

bays occurred a large area of rushes, Zostera 

and Spartina towIlsendi providing a feeding 

area for Aldrichetta forsteri (detritus, 

microscopic green - algae and VIva). 

flounders were found in the streamso 

Young 

(c) Cutting through the mudflats and 

occupying :the 10\vest areas were a number of 

streams and mnnnage zones, these being 
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permanently covered with water and so were 

not exposed to the extremes of climate 

associated with the mudflats. The substratum 

consisted of soft mud or fine silt, with a 

high percentage of interstitial water making 

certain areas soft and treacherous. Broken 

shells, well mixed into the soft substratum, 

in places to a depth of 2-3 feet, provided 

some stability to the habitat. Two constant 

threats faced the organisms in this habitat: 

(i) the danger of stream beds aggrading and 

thus obliterating the fauna, (ii) of the 

river channels changing their course, depriving 

the flora and fauna of a water coverage. 

Mollusca were the predominant life form 

of the area (such as Zediloma, Chione and 

Cominella) while VIva had densities from 

2 800-1,500 gms./m • Members of the Lumbricidae 

were found in the mudflat streams along the 

South Drighton Spit, as were the polychaetes 

Nicon and the Spionidae. Crabs were numerous, 

e.g., Helice crassa and Hombronia depressa, 

feeding on the algae, detritus and dead and 

decaying organisms. 

At low tide the only fish fauna present 

were young flounders (below 20 mmQ). \vi th 



the incoming tide fish migrated across the mudflats 

for feeding and/or breeding. Such species were 

Aldrichetta forsteri, Rhombosolea plebeia, 

Rhombosolea leporina, G alaxias 

and Anguilla australis. 

atten19.atus 

(d) A unique area occurred in front of 

the sewage ponds, comprising a central depression 

surrounded by a higher, firmer mud/sand bank. 

The substratum of the depression was soft 

sludge. At low tide the excess water trapped 

in this area could escape only by seepage. This 

had created an area of quaking mud, extremely 

dangerous if caution was not exercised. This 

depression was characterised by a dearth of 

invertebrates; no mollusca, crustacea or 

polychaetes were found. The mud surfaces 

had a dense covering of Euglena limosa and 

Euglena salina, while the mud itself had diatoms, 

nematodes, protozoa and microscopic flatworms. 

Durfughigh tide Aldrichetta forsteri, 

Rhombosolea plebeia, and Anguilla australis 

(seasonal) used this area for feeding,e.g.) 

detri tus and<ttftlId. A few amphipods encroached 

onto this area at high tide, while during the 

summer months Monia spps. were swept out of 

the sewage ponds to be fed on by Aldrichetta 

forsteri. 



5. Rushes along South Brighton Spit: 

This habitat occupied a narrow margin along 

the three-quarter high tide shoreline level of 

the South Brighton Spit. It comprised 

predominately Spartina townsendi, rushes and 

sedges standing on raised mudflat areas. It 

was a region that became completely covered 

only at high spring tides (approximately 

10-11 days each month), while during the 

rest of the month the high tides covered only 

three-quarters of the area with depths 

ranging from 2" - 24". This area was also 

exposed to the south west, south andwesterly 

winds which lashed this shoreline with 2 ;..; 

4 foot waves. 

The invertebrata did not differ greatly 

from the mudflats. Although Zediloma corrosa 

occurred along with Cominella, the predominate 

life form was Aqlphibola crenata (801m2 ). 

Chione occurred amongst the rushes and Spartina 

clumps, while patches of VIva, Enteromorpha 

and Zostera (all unattached fronds) were to be 

found a~ongst the rushes. 

Fish fauna of this area comprised shoals 

of young Aldrichetta forsteri which feed on 

the Spartina clumps and on the algae, and the 



occasional shoal of G alaxias attenuatus. 
~------------~~~~~~ 

6. Drainage Streams (shoreline): 

Around the shoreline were found streams 

which drained into the estuary. These varied 

in size and importance:(a) the two major 

streams were those emptying McCormack's Bay 

(an enclosed area elevated slightly above the 

estuary) 0 This elevation created two important 

factors: firstly, water entered the bay from 

mid_high tide onwards, the currents ,reversing 

outwards from mid-low tide. Secondly, owing 

to the smallness of area and to the fact that 

McCormack's Bay is emptied during each tidal 

cycle, there was a higher salinity concentration 

flowing from this area than in the adjoining 

estuary. These two factors had meant that 

organisms found at the outlets of these two 

large streams tended to reflect normal sea 

conditions. These organisms included sea 

anemonies, Scutus breviculuB, Melagraphia 

aethipps, Spirorbis spps., and Pomatoceros 

carinifera. Crabs included HemigraI!sus 

£renulatus, Helice crassa and Hombronia 

depressa. Ulva~ Enteromorpha and Gracilaria 

occurred in both streams. 



In the larger stream fish fauna included 

A!drichetta forsteri, juvenile _A_r_r_i~p~u_s~ __ ~t~r~u~t~t~a, 

whitebait and flounders. The smaller stream 

near Redcliff had whitebait, a few spotted -

stargazers, Acanthoclinus gU*dridactylus and 

a breeding population of Tripterygion nigripenne. 

(b) Freshwater drains occurred in four areas: 

near the Heathcote Bridge, the Lim'vood Avenue 

Culvert, the Charlestone Drain and the sewage 

pond stream (see Fig~sl.l and 1.4). In these 

streams the substratum ranged from soft mud at 

the sewage pond to rock and sand near the 

Heathcote Bridge. All of these streams \vere 

tidally influenced as well as being subjected 

to periodic flooding from precipitation. At 

low tide these streams meandered in channels 

cut into the mudflats, and either emptied 

into the main channel or spread out onto the 

flat areas as zones of seepage. Out of 

these drains flowed freshwater containing 

ostracods, mysids, freshwater algae, 

insect lava and detritus, providing food at 

high tide for juvenile Aldrichetta forsteri, 

young Anguilla australis, whitebait, 

Gobiomorphus basalis and young Hhombosolea 

plebeia, (below 20 mm)Q 
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other invertebrate fauna included crustaceans 

(amphipods and crabs), a few Amphibola and 

Zediloma, and burrowing polychaetes. The flora 

consisted mainly of VIva, although freshwater 

algae were found,e.g./ Ulothrix, Spirogyra, 

Volvocales, Scendesmus, diatoms and other 

filamentous and microscopic algae. 

7. Dyers Road Bridge and Shoreline: 

This was a small but interesting habitat 

covering approximately 30-40 square yards. 

It comprised a number of rocks and stones, 

with a substratum containing a mixture of 

sand/mud and gravel. It was covered at low 

tide by 6-12 inches of water and at high 

tide by 4-5 feet of water. Despite numerous 

onslaughts from the juvenile public this 

habitat had persisted and flourished, 

containing a breeding colony of Gobiomorphus 

basali~, a small colony of Tripterygicn 

nigrip.ellrie and a number of young eels and 
a 

Glaxias attenuatus. 
l\ 

Juvenile Aldrichetta 

forsteri shoaled in this region, probably 

for feeding. The invertebrate organisms 

present included He ice, Zedilom~, isopods, 

protozoa, ~nDmerous amphipods and nematodes. 



1.4 SPECIES LIST (for details see 
Appendix list 2) 

Rhombosolea plebeia (sand flounder) 

Hhombosolea leJ20rina (yellow-bellied flounder) 

Geniagnus monopterygius (spotted stargazer) . -

Peltorhamphus novaezeelandiae ("English sole") 

eudolabrus celidotus (guffy or spotty) 

Aldrichetta forsteri (yellO\v-eyed mullet) 

Spheroides richei (globefish) 

Trachelochismus pinnulatus (clingfish) 

Arrip't.s trutta (kahawai) 

Physiculus bacchus (red cod) 

Salma trutta (sea or brO\vn trout) 

Tripterygi.n nigripenne (cockabully) 

Anguilla australis (shortfinned eel) 

Gobiomorphus basalis (common bully) 

Stokellia anisodon (smelt) 

Galaxias attenuatus (whitebait) 

Bovichtus variegatus (thornfish) 

Acanthoclinus quadridactylus (rockfish) 

Thyrsites atu~ (barracouta) 

Anguilla dieffenbachi (longfinned eel) 

Latridopsis ciliaris (mold) 

Leptoscopus angusticeps (stargazer or sandfish) 
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(Species List continued) 

H~Eorhamphus ihi (garfish) 

Trigla kumu (red gurnard) 

HiQpocampus atldominalis (sea horse) 

Mustelus antarcticus (rigg) 

Gobiomorphus gobioides (giant bully) 

Gobiomorphus hut toni (red finned bully) 

Hhombosolea retiaria (black flounder) 

N.B. The one specimen GfRhombos 

retiaria caught during 1965 was 

tagged and returned to the 

estuary by the Marine Department, 

Christchurch. 
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SECTION 2 

Distribution and Movements 

2.1 Introduction: 

For convenience the various species found 

in the estuary may be divided into two broad, 

arbitrary divisions, seasonals and permanents, 

the divisions being based solely on whether 

the species were present during winter (May -

July) or not. The arbitrary nature of these 

two divisions arises from the following facts: 

(i) the research investigation was not complete; 

(ii) the methods used were only partially 

adequate, so that it cannot be guaranteed that 

the relative numbers caught for each species 

gave a true indication of the species population 

numbers; (iii) the late appearance of a number 

of species, e.g" Acanthoclinus, Tripterygi~n 

and Gobiomorphus basalis, was entirely due to 

the late usage of the dip net sampling method. 

These species have, therefore, be.en classified 

solely on their relative abundance, and on the 

assumption that a species containing a moderately 

large breeding population is more than likely 

permanent. 

Bearing these points in mind, the relative 

35 



FIG. 2.1 
DISTRIBUTiON OF RHOMBOSOLEA PLEBE/A. (TIOAL) 

(ALL SEASONS) 

SOUTH BRrGH TON SPIT 

SHAG 
ROCK 

~==-~ 

"" " I 
... 

~ 

... 

JELL/CaE PARK 

'J ............. .... : 
I 

'- SEWAGE / PONDS 

lOW &. HIGH TIDES 

~. HIGH TIDE (formed by tidal 
~ migrations from 

low ti de a"e~s.) 

MONK'S 

MONCK'S BAY 
SHORELINE 

SCdl (2 -
1"" 25 chains 



importance of the various species depends, 

obviously, on the respective numbers caught per 

species (see Appendix Species List). Thus, 

85084% of the total numbers caught belong to the 

following species: Rhombosolea plebeia, 

Rhombosolea leporin~, Peltorhamphus novaezeelandiae, 

Aldrichetta forsteri, Arripis trutta and Pseudolabrus 

celidotus. 

The location of the sampling areas mentioned 

throughout the investigation should be referred 

to Fig. 1\ p. 6" which illustrates the positions 

and areas covered of all sampling stations. 

It should be noted that because of insufficient 

time not all these locations were regularly 

used, e. g", beach seine stations x 1'5 , x16, x17 

were only sampled three times each, owing 

partly to lack of sufficient water depth and 

partly to a dearth of fish fauna. 

202 Permanent Species: 

Rhombosolea plebeia: Rhombosolea plebeia 

inhabited principally the river channels, 

Monck's Bay, and the permanent mudflat streams 

(Fig 2.1). Although no apparent ~easonal 

withdrawal from any part of the estuary took 

place, a small decrease in the summer months 
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and a small increase during winter, did occur. 

Fig. 2.2 indicates this seasonal fluctuation, 

line A representing the total estuary population, 

plotted at two monthly intervals, and line B repre

senting the total population minus the two monthly 

samples taken with the Marine Department. The 

following three points emerge from Fig. 2.2: (i) 

there occurred a seasonal fluctuation over the whole 

estuary (line A) with a winter increase and a summer 

decrease (results for November-December are incomplete). 

(ii) Line B shmvs a reversal of the trend illustrated 

by line A. This could'be accounted for in two waysj 

(a) the decrease in the central estuary during winter, 

corresponding to an increase in the overall population, 

suggests that Rhombosolea plebeia migrated into the 

deeper waters of Monck's Bay, probably to escape the 

cooler temperatures associated with the mudflats and 

the shallower water depth~and< (b) the increase 

during summer, in the central estuary, corresponding 

with. decrease in the overall population, indicates 

either a small breeding group of adults moving 

up the river channels o~ a general migration into 

the estuary for feeding. (iii) The bulk of the 

population appears to be.located in Monck's 



TABLE 201 

SEASONAL FLUCTUATIONS IN N~ll)EHS OF' RHOMBOSOLi::A PLEBEIA 

TIH~CUGHOUT THE ;~STUAl{Y 

(Otter Trawl Stations = 3, 3A, 3.13, etc.: Beach Seine 

xl, x3, x4, etc.) 

Trawling Stations SEASONS 
(Beach Seine and 

Otter Trawl) Winter Summer 
(May- July) (September-November) 

Monck's Bay 
(Otter Trawl = 1 & 2) 20.3 1708 
(Beach Seine = xl & x2) 

Otter Trawl = 3-3A 306 10.8 
Beach Seine = x3 

Otter Trawl = 3A & 3.13 4.3 604 
Beach Seine ::::: x7 

Otter Trawl 4A 4.0 3 00 

Otter Trawl = 4D 1.0 1.0 

Otter Trawl = 5A 11.6 30.3 
Beach Seine = x4 

Otter Trawl = 6 1701 1400 

Otter Trawl 613 600 5.3 
Beach Seine = x14 

Otter Trawl ::: 5 705 5.3 
Beach Seine x6 



Bay, since the difference between the two graph 

lines A & B gives an estimate of Rhombosolea 

E!ebeiaslocational density. This density is, 

of course, open to variation since it depends 

on the climatic conditions, previous year's 

breeding success, t.l":e intensity of the commercial 

fishing at sea, and the amount of amateur 

fishing and poaching that occurs in the estuary. 

Table 2.1 illustrates the locational 

differences that occur during winter and summer. 

The following points arise: 

(i) There is a gradual overall decrease from 

Monck's Bay through the estuary and up the river 

channels. This decrease varies according to 

location - (a) at otter trawl station 3, and 

beach seine station x3, a sudden decrease occurs 

in both winter and early summer, although the 

relatively high early summer figures could be 

caused by migrating mature adults moving up 

the river channels. (b) the decrease continues 

along otter trawl stations 3a, 3b, 4a, and beach 

seine station x7,i.e., in the Heathcote River 

channel, until finally at otter trawl station 

4d, t:.i'epopulation becomes rare. The slight 

rise in numbers during spring at 3a - 3b could 

be caused by a small breeding population moving 



into the area. (c) The Avon channel contains 

by far the larger proportion of Rhombosolea 

Elebeia in the central estuary. Sample 

areas 5a and x4 show a rapid increase during 

spring and early summer owing probably to an 

increase in breeding adultsQ Further headwards, 

along otter trawl stations 6 and 6b the numbers 

progressively decrease. 

(ii) There is a greater Rhombosolea plebeia 

population in the Avon channel than in the 

Heathcote. The low result for the Heathcote 

is most certainly due to the high water pollution 

from the factory wastes. 

During a diurnal tide cycle, Rhombosolea 

plebeia made small migrations with the" tide. 

These migrations amounted to small movements 

up and down the river channels, and to 

encroachments into the deeper waters covering 

the mudflats at high tide (Fig. 2.1) for the 

purpose of feeding. Unfortunately no definite 

figures can be given for these migrations as 

time shortage disallowed tagging operations o 

Three further observations were noticed 

~oncerning distribution: (a) during high tide 

ill the individuals that moved onto the mudflat 

treas were juveniles. e.g_, 



24/6/65: be~ch seine x13 -

IThombosolea plebeia = 125 m. m. (total lengths - rr. L. ) 

11 " = 115 m.mo " 
16/11/65: otter trawl station 4b -

IThombosolea plebeia ;::0 132 m.m. (T.L.) 

II "= 120 m .. m 0 ( T • L • ) 

" 
" 

" 

" 
" 
II 

" 
" 
II 

" 
it 

" 
" 
" 

" 
" 
" 

" 
" 
tI 

" 

= 90 m.m. (T.L.) 

:= 162 m.m. (T.L.) 

= 158 m.m. (T.L.) 

=: 130 mom. (T. L • ) 

:= 112 m.m., (T.L.) 

::: 92 m.m. (T.L.) 

:= 132 m.m. (T .L.) 

:= 140 m. m 0 (T. L • ) 

= 120 m.mo (T.'L.) 

= 125 m. m. (T. L. ) 

= 132 m.m. (T .L.) 

" 

The larger adults, i.eo/approximately 180 m.mo 

and above, tended to stay in the deeper river 

ch~nnels; (b) the adults tended to live in the 

lower estuary area. Thischowever, was a 

relative observation only, since a size 

variation occurred in all samples; (c) young 

Rhombosolea plebeia below 20 m.m. were located 

in areas having calm waters and sluggish 

currents l e.g., mudflat streams, edges of river 
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TABLE 2.2 

HIIOMBOSOLEA LEPmUNA (Locational Distribution) 

LOCATION SEASONAL SAMPLES 
(mean totals) 

(l\1ay-J"une-July) (September-October 
November) 

Monc.k's Bay 
(Otter Trawl Station 

1 & 2) 703 14.5 
Beach Seine Station 
x2 & xl) 

-, 
Otter trawl 3 - 1.0 
Beach seine x3 

Otter trawl == 3a -
3b 103 100 

Beach seine == x7 

Otter tra\vl 4a 208 -
Otter trawl == 4d 1.0 -

Otter trawl == 5a 2,,7 1.3 
Beach seine == x4 

-
Otter trawl == 6 5.2 102 

Otter trawl 6b 2,,8 -
Beach seine == x14 



channels, Monck's Bay, and mudflat regions 

having.: a thin covering of water at low tide. 

These juveniles were more abundant in the 

central estuary than in Monck's Bay. 

Rhombosolea leporina: Owing to the limited 

numbers caught over the eight-month period 

only a few tentative conclusions can be drawn 

about Rhombosolea lepprina's distribunion. 

Fig. 2.3 illustrates the distribution of 

Rhombosolea leporina, while table 2.2 shows 

the following trends: . 

(i) There appears to be a general 

decrease in numbers from the estuary during 

the spring and summer months with the exception 

of Monck's Bay, where an approximate doubling 

of the population occurs. A few female 

adults, in October, were caught at otter 

trawl station's 3, 3a and 5a with mature 

ovaries (refer gonad table, Section 5,~90), 

so that despite a decrease in numbers it 

appears as if Rhombosolea leporina does 

breed in the estuary during summer to a 

limited extent. 

(ii) Rhombosolea leporina shows a 

similar locational gradation to that of 
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Hhombosolea pJebehha1; (a) there is an over-

whelming concentration in Ivlonck's Bay; (b) 

there is a sudden decrease at the river junctions; 

(c) there is a concentration along the river 

channels, in the central estuary; (d) while at 

the head of the estuary numbers become rare or 

absent. 

(iii) The Avon channel appears to contain 

a higher Rhombosolea leporina population than 

does the Heathcote, probably caused by the 

highly polluted nature of the" Heathcote river. 

Rhombosolea leporina appears to be far more 

sensitive than Rhombosolea~lebeia to pollution. 

(iv) There seems to be a spring-summer 

withdrawal of Rhombosolea leporina from the 

head regions of the estuary. Whether this is 

because the higher temperatures made the 

pollutants in the water more toxic, or whether 

there was a decrease in oxygen content, is 

not certain. 

(v) Hhombosolea leporina occupies 

territory and habitats similar to those of 

lThombosolea plebeia. 

(vi) The increase in population in 
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Monck's Bay, during summer could be caused by a 
I 

withdrawing central estuary population, or to 

an influx of breeding adults. 

No definite figures can be given about 

the degree of movemellt' for Uhombosolea leporina, 

either tidally or seasonally, since lack of 

time disallowed the possibility of tagging 

operationso 

Peltorhamphus novaezeelandiae: Not only 

was Peltorhamphus the last species of the 

family Pleuronectidae found in the estuary, 

but, it was the most stenohaline and the least 

tolerant to pollution. Peltorhamphus was 

located in the Monck's Bay region, from Shagrock 

to the end of Fisherman's wall (Fig. 2.4)0 

It occupied the deeper waters~ rarely moving 

into the low tide shallows, and never entering 

the mudflat stream that empties into Monck's 

Bay. During summer a few individuals venture 

up the Avon channel, to otter trawl station 

5a. On the 22nd November, 1965, three spe~imens 

of Peltorhamphus were netted at this station, 

their respective sizes being 180, 172, 173 

millimeters. Although numerous samples were 
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later taken from this area, no further specimens 

were collected beyond Monck's Bay. 

A seasonal increase in Peltorhamphus was 

observed: 

Numbers 
Caught 

1966 

J. F. M. A. 

56 

1965 

M. J. J. A. S. O. N. D~ 

- 19 5 8 4 49 6 52 

This summer increase was either. a feeding 

response caused by the rise in temperature,or, 

an influx owing to a breeding condition (in 

rare cases)o A few juvenile specimens were 

caught in the shallower waters (20-30 m.m. long). 

Aldrichetta forsteri: Owing to a high degree 

of mobility, the distribution of Ailidrichetta 

forsteri was very complex with tidal and 

seasonal differences occurring. 

Fig.s 2.5 (a) and (b) illustrate the 

variations in the tidal distributions during 

winter and summer: 

(i) Winter: (a) with the onset of 

low tide Aldrichetta forsteri retreated 

from the central estuary and river channels 



into :i'1onck ' s Bay and the river junction region. 

(b) Since low tide at Monck's. Bay was i of an 

hour later than Lyttelton, the migration back 

up the estuary was correspondingly delayed. 

Howev~r, once the tidal effects were felt, 

the mullet move rapidly keeping pace with the 

tidal movement. For example: two beach 

seine trawls at x7, on the 18th July, 1965, 

were taken, one at 1~- hours after low tide 

(Lyttelt.on), and the other at 2 hours after. 

The results were as follows: 

1t hours 2 Rhombosolea . plebeia 

1 Rhombosolea le:eorina 

0 Aldrichetta forsteri 

5 Rhombosolea 

.3 Hhombosolea le120rina 

41 Aldrichetta forsteri 

(c) By mid-lbw tide, the majority of the 

Aldrichetta fbrsteri population had moved 

away from·Monck's Bay and either migrated up 

the river channels,or, as the water over the 

mudflats deepened, ~igrated over the m~dflats. 

For example: at otter trawl station 3 - 3a 

(26th June, 1965), at low tide, 34 Aldrichetta 
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forsteri were caught: on the 28th June, 1965, 

at the same area, only 2 Aldrichetta forsteri 

were caught 3t hours after low tide. (d) 

By high tide the ma;rjJri ty of the mullet had 

spread to either the .mudflats in front of the 

starch factory (important feeding area in 

winter), in front of the sewage ponds (only a 

few), 9r beyond the Dyers Road and Heathcote 
\ 

Bridges. (e) From high tide to low tide 

there occurred a gradual withdrawl of 

Aldrichetta back to Monck's Bay, the mullet 

using the drainage streams and low mudflats 

as passageways to the rivers and to Monck's 

Bay. This knowledge of passageways was 

always useful for sampling purposes. 

(ii) Summer: During summer a similar 

tidal cycle occurred. There were three main 

differences: (a) At high tide an increase in 

the mullet population occurred in the region 

of the sewage pond outlets, the reason for 

this being the presence of large concentrations 

of Daphnia (Monia spps.) which bred in the 

sewage ponds and \ITere swept out into the 

estuary. On these Aldrichetta forsteri 



fed,e.g., on the 21st May, 1965, an otter trawl 

in front of the ponds failed to catch a specimen 

of drichetta forsteri. On the 19th September, 

1965, 55 mullet were caught, while on the 16th 

November, 1965, 23 mullet were netted, in front 

of the ponds. Both the spring and summer 

catches had stomach and gut contents of Daphnia. 

(b) There appeared to be a decrease in the 

numbers of AMdrichetta feeding in front of the 

starch factory, although the numbers moving 

past the Heathcote Bridge slightly increased, 

e.g. 

26/6/651: beach seine x lOa :::: 11 Aldrichetta 
forsteri 

8/11/65: beach seine x lOa ::: 20 Aldrichetta 
forsteri 

(c) During low tide, in summer, the mullet 

retreated to the lower reaches of the river 

channels (maximum extension), rather than back 

to Monckfs Bay. This was probably caused by 

the decrease in fresh water volume of the 

rivers, and to the higher temperatures of the 

water. 

Not only was there a seasonal variation in 

distribution, but also a variation in numbers. 
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TABLE 2.3 

JUYENILE ALDRICHETTA FORSTERI 

(showing dates of samples, size ranges, locations, numbers 
caught) 

NunbErs 
Date Location of SamEle Caught Size Range --

10/8/65 Fisherman's Wall Inlet 89 65-72 mm (T.Lo) 

12/8/65 Fisherman's Wall Inlet 35 65-72 mm (T.L.) 

20/8/65 Redcliff's Culvert 48 60-68 mm (T. L.J 
20/8/65 JellicoePark Shoreline 15 62-70 mm (1'. L. ) 

24/8/65 Dyers Road Shoreline 12 62-68 mm (T.L.) 

25/8/65 Causeway Stream 20 65-72 mm (T.L.) 

3/9/65 Linwood Avenue Culvert 19 90-122 mm (T.L.) 

5/9/65 Heathcote Bridge 
(Stream) 10 65-110 mm (T.L.) 

5/9/65 Linwood Avenue Culvert 5 115 mm (T.L.) 

7/9/65 Linwood Avenue Culvert 8 105-132 mm (T.L.) 

5/11/65 Linwood Avenue Culvert 8 72-82 mm (T. L. ) 

5/11/65 Dyers Road Shoreline 22 82-115 mom. (T.L.) 

29/11/65 Linwood Avenue Culvert 10 128 mm (T. L. ) 

29/11/65 Charlestone Drain 5 135 mm (T.L.) 

6/12/65 Monck's Bay Shoreline 8 50-68 mm (T.L.) 

17/12/65 Causeway Stream 8 30 mm (T.L.) 

15/12/65 Linwood Avenue Culvert 5 125 mm (T.L.) 

18/12/65 Shag Rock 11 38-80 mm (T.L.) 

8/4/66 Linwood Avenue Culvert 6 100-105 mm (T.L.) 

-



Appendix Fig. 3 plots the Aldrichetta forsteri 

catches at two-monthly interials, Results 

for January-February (1966) and I\larch .... April 

(1966) have not been plotted owing to the 

incompleteness of the sampling. 

It was not until 10th August, 1965, that 

the young, shoaling, Aldrichetta forsteri 

were observed and sampled, three months after 

the commencement of the investigation. 

Sampling \vas by dip net. Their tidal move

ments were found to be'similar to the adults, 

i.eo/retreating with the outgoing tide and 

advancing to beyond the Avon and Heathcote 

Bridges on the incoming tide. F'ig. 2.5 (c) 

illustrates the locations of the sampling 

areas used Q 

Table 2.3 illustrates the total samples 

of the juvenile Aldrichetta forsteri with the 

numbers caught, size range (in total lengths), 

locations and dates of capture. The following 

tendenci~s emerge: 

(i) The size ranges appear to increase 

from spring to the summer months. 

(ii) The juvenile mullet congregate in 
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shoals that have a definite size range, 

there usually being a 10-30 millimeter 

difference between largest and smallest. 

(iii) 'rhe spawning period for Aldrichetta 

appeared to be spread ov~~ much of the 

year, since juvenile stages were caught over 

a 7-8 month period. Thomson (1956) found 

that for Bast Australian waters Aldrichetta 

forsteri, at one year, measured 50-55 m.m. 

Thus, the ages for the young mullet in the 

estuary ranged from 6 months to 2 years. 

(iv) It was observed that young 

mullet kept very close to the water's edge, 

along the channel edges or Monck's Bay 

shorelines at low tide, and near the high 

water shore at full tide. Thus
1 
the 

sampling locations were always in areas of 

shallow waters, especially where fresh 

water streams emerged. It was not until 

the young mullet had reached 130-140 m.m. 

and above, that they ventured into the 

deeper waters. 

Arripis trutta: For most of the year, 

Arripis trutta is confined to Monck's Bay 
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(Fig. 2(6). Of the 215 specimens caught, 207 

were from Monck's Bay. With the arrival of 

summer, however, the kahawai moved tentatively 

into the lower reaches of the river channels, 

7 specimens being caught in this region. 

Reports from anglers have stated that Arripis 

~~.~t_a moves up the estuary in summer, during 

high tides, and are to be found in front of 

the sewage ponds feeding on Aldrichetta 

forsteri" This distribution was not observed 

during the period of this research. Whether 

this lack of confirmation was due to false 

reporting or to inadequate sampling methods, 

is uncertain. Other unconfirmed observations 

(i.eo l no samples were taken) of young kahawai 

shoaling at high tide in the causeway channel 

and in NcCormacl{.' s Bay, were fDade on 1st 

December, 1965. Although large numbers of 

juvenile Arripis trutta (about 1 year old) 

were caught in April, 1966, in i'-10nck' s Bay, 

no specimens below 200 m.m. were found during 

the 1965 period. 

Pseudolabrus celidotus: During winter 

Pseudolabrus celidotus kept very much to 
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r.1onck I S Bay .. The adults were very difficult 

to capture owing to their preference for 

inhabiting rocky locations and deep areas close 

to the shoreline. For this reason the winter 

samples are virtually non-existent. Below 

is a list of the monthly catches for 1965/1966: 

1966 1965 

J. F. M. A. M. J. J. A. S. O. N. D. 

Numbers 2 6 14 3 3 26 27 43 Caught 

During the summer the Ilguffy" appears to 

increase in numbers, as well as extend its 

habitable boundaries (Fig.23). Whether the 

dearth of specimens, during June-July-August 

can be attributed to a decrease in numbers or 

to the close shore habitat, is not certain. 

A few specimens were captured by anglers in 

winter, from the Shag Rock shoreline and the 

Fisherman's wall. 

With the onset of summer Pseudolabrus 

celidotus extends its habitat, coming out 

from close inshore, and moving up the lower 

reaches of the river channels. A large 

number, however, still remained in the rocky 

habitat. 
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The first young Pseudolabrus celidotus 

was netted dur:iing, August along the Hedcliff's 

shoreline, \vhile other specimens were found 

there all spring and summer. h'hether these 

juveniles were present all the year, is 

uncertain, but the fact that Pseudolabrus 

does breed in the estuary (Section 5, pp.204-20e ) 

strongly indicates their continual presence. 

The juveniles were found living 

beneath the dense areas of DIva, below rocks, 

and amongst the Mytilus beds. 

Physiculus bacchus: To all intents and 

purposes Physiculus bacchus is stenohaline, 

being confined entirely to .i'1onck's ,Bay 

(Fig. 2i .. ,~. The numbers of red-cod caught 

were restricted by, (a) the lack of adequate 

equipment,(b) the speed with which the red

cod evaded trawling netsJ and (c) the 

inaccessibility of their environment. The 

red-cod were found inhabiting the deep, 

close-to-shore, \vaters amongst the rocks and 

kelp (mainly Macrocystis). Of the 27 

individuals caught, 20 were from anglers, 3 by 

otter trawl, and 4 by beach seineQ 
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Trachelochismus pinnulatus: Being small in 

size and living in deep water, this species was 

not specifically searched for. The specimens 

caught (6 in number) were obtained by chance 

only. They were either scooped up with shell 

fragments and other debri, became entangled 

in weeds and algae, or were dragged in attached 

to obstacles/e.g., branches, logs, broken shells. 

The clingfish are confined mainly to Monck's 

Bay, although two specimens were caught beyond 

this area, one at otter trawl station 3 and 

the other at otter trawl station 5A (Fig. 2.8)Q 

They ranged in habitat from deep waters to the 

shallower shoreline areas (under stones). 

Tripteryg~n nigripenne: According to 

distribution, Tripterygion nigripenn~ appears 

to have three "races" living in different 

habitats in the estuary (Fig. 2.8). The 

first appears definitely marine, being found 

along.the shoreline of Monck's Bay, near 

Shagrock, and living amongst the rocks, 

Mytilus beds, and algae. The second colony 

was found along the Hedcliff's shoreline, and 

the small stream which flows from lVlcCormack's 
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Bay. This area tended to be more brackish 

tlhan marine. The cockabullies lived under 

rocks andamongst the dense masses of VIva 

that occurred in this region. The third 

colony was 16cated beneath the Dyers Road 

Bridge in a re~tricted habitat comprising 

rocks and detritus I in which too salinity 

fluctuated from brackish to fresh water. 

Tripterygien nigripenne was found in this 

habitat in limited numbers. In all three 

regions, breeding colonies were established. 

Acanthoclinus guadridactylus: The rockfish 

lives amongst the Mytilus beds, rocks, and 

algal fronds along the Monck's Ba~ shoreline 

(Fig. 2.9). Just how abundant Acanthoclinus 

is remains uncertain, since sampling was 

difficult, only four specimens being caught 

by dip net. 

Acanthoclinus had a wide toleration 

for living in tough conditions, one specimen 

25th September, 1965, being found alive at 

low tide, underneath a rock at the mid-tide 

level in semi-moist conditions. It is 

mainly confined, however, to deeper water. 
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Gobiomorphus basalis: The common bully lives 

near the influence of the sea when young, i.eo
J 

in estuaries and tidal rivers, or in their 

adult life, in fresh water streams and lakes. 

Its location in the estuary may be seen on 

Fig. 2.9. The solitary location in the mid

estuary was based on 1 specimen that became 

entangled in the otter trawl amongst the algae. 

The main location was that below the Dyers 

Road Bridge and 20 feet along the adjoining 

shoreline. From this location came most of 

the 142 common bullies caught. Other locations 

included the Linwood Avenue culvert and the 

CharIest one drain. 

2.3 Seasonal Species: 

Gobiomorphus huttoni: Only two specimens were 

caught, one along the Redcliff's shoreline, 

beneath DIva masses, and the other below the 

Dyers Road bridge (Fig. 2.9). This species 

was common near tidal influences, in lagoons, 

estuaries, and rivers (Stokell, 1955). 

',vhe'l;her these 2 specimens were rare visitors 
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visitors to the Christchurch estuary is not 

certain, since.the specimen caught at Hedcliffs 

was found to have mature ovaries. 

Gobiomorphus gobioides: All 3 specimens of 

the giant bully were found along the Dyer's 

Road shoreline area, occupying the .s~me 

habitat as fop the common and redfinned bullies 

(Fig. 2.9). It is not certain whether this· 

species was a permanent member of the estuar~ 

or a seasonal visitor from the Avon RiveG 

since only one, a male caught on 5th Novembep, 

1965, showed any signs of maturity. 

Geniagnus monopterygius: Owing to. the lack 

of individuals caught during winter and spring, 

it has been assumed that Geniagnus was a 

seasonal visitor to the estuary. Only 6 

specimens were found. The distribution, 

on Fig. 2.10, is a tentative one in that 

it assumes Geniagnus occupies the Monck's 

Bay region, despite only one specimen 

being caught there. The specimens were 

from the following localities: 
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26/4-/65: Otter trawl station 3a 
(Heathcote channel) = 1 

3/11/65: Otter trawl station 5a 
(Avon channel) = 1 

15/11/65: Otter trawl station 5b 
(Avon channel) = 1 

24-/11/6fr. otter trawl station 5b 
(Avon channel) = 1 

15/2/66: Mohck's Bay - Beach seine x2 = 1 

20/4-/65: Redcliff's shoreline - dip net = 1 

Geniagnus is a bottom dWeller, slmv moving 

and spending most of its life buried in the mud 

or sand, using its lure to attract food, e.g., 

juvenile Aldrichetta forsterio Mrs. M. Darby 

states (per comm.) that on 27th February, 1964-, 

one specimen, T.L. = 118 m.m., was caught, by 

her, along the Redcliff's shoreline, and another 

on 16th March, 1964- (T.L. = 120 m.m.), along 

the Monck's Bay shore, by dip net. During the 

present investigation @nly 1 specimen (T.L. ::. 65 m.m.) 

was caught in this region. 

Leptoscopus angusticeps: The distribution of 

Leptoscopus may be seen on Fig. 2.10. No tidal 

variations were noticed, only 4- specimens being 

caught. High tide movements cannot be ShO\ffi 

owing to the impossibility of using the beach 
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seine, and to the speed of the current making 

otter trawling difficult. Leptoscopus appeared 

to have a similar habitat to that of Geniagnus. 

SEheroides richei: Spheroides was the most 

obviously seasonal fish in the estuary. During 

the autumn of 1965 the last specimen to be caught 

was on 29th April, 1965, at otter trawl station 

3b. Subsequent drags along this region failed 

to reveal additional specimens, so it was assumed 

that ~pheroides ttichei left the estuary during 

late April- early 1'1ay. Spheroides did not reappear 

untJl early October (11/10/65). Temperature 

seemed to influence this distribution, the 

averages for the months IvJay and Oct-ober Qeing:, 

as follows: 

Extreme Extreme 
Mean Minimum Maximum 

Temperature Temperature Temperature 

May 11°C 11°C 11 0 C 

October 11 ... 8 0 C 10(>2oC 14°C 

Thus, it appears that the visitation of 

Spheroideswas very much dependent on temperature, 

the minimum temperature requirement being above 

11°C. 
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Fig. 2.11 gives the relative locations of 

Spheroides at high tide during summer. At low 

tide Spheroides retreats slowly back along the 

river channels, e.g.,at otter trawl station 5 

there appeared to be a 10\v tide withdrawal 

approximating 20-30 yards throughout the summer 

months. On 20/4/66 one specimen was caught 

at beach seine station x4, this being the 

furthest point in the estuary that Spheroides 

richei was found. 

As would be expected,. the monthly totals 

for Spheroides increased with the onset of summer. 

Below is a monthly list of the fish caught: 

April 

October 

November 

December 

January 

February 

April 

:::: 9 

= 25 

23 

::: 102 

::: 10 

= 65 

51 

1965 

1966 

The figures for December - April (1966) 

are incomplete owing to the restricted time used 

in sampling. During these four months thousands 

of specimens had to be indiscriminately rejected 

owing to lack of time. 
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The list below shows tendencies towards 

a locational gradation, the figures given being 

averages derived by dividing the number of 

samples by the total catch per location, from 

October, 1965, to April, 1966: 

1"lonck IS Ba!; = 18.6 

Heathcote Channel: 

Otter trawl station 3 = 3.5 

Utter trawl station 3a 4.2 

Otter trawl station 3b = 1.5 

Otter trawl station 4a .5 . 

Avon Channel: 

Otter trawl station 5a 1.0 

Ot:ter trawl station 5 = 1.0 

Salmo trutta: Salmo trutta was c'aught over a 

10 monthly period (July 1965 = April, 1966) as 

they moved into the estuary and up the Avon River 

(Fig. 2.11) 0 A total of 14 were caught and 

dissected. 

Salmo confines its movements to the 

Avon channel and Monck's Bay region, using the 

estuary as a feeding area and as a passageway 

to the Avon river, where spawning occurs. 

Allen (1951) stated that limited movement of 

Salmo occurred between the Horokiwi stream and 
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the neighbouring Pahautamui inlet, while Parrott 

(1932) and Woods (1963) maintained that the 

usage of estuaries and the sea coast by Salmo 

trutta was a common feature when access to the 

sea was possible. 

Anguilla australis: Fig. 2.12 iIllustrates the 

distribution of both adult and juvenile Anguilla 

australis. The juveniles were caught by dip 

net at certain points around the estuary, with 

the exception of one which became entangled 

in algae in the otter trawl along the Heathcote 

channel. The adults were caught by otter trawl 

and beach seineQ 

In sampling for the adult eels, the 

2 - 2i" meshed nets did not give good results, 

since the eels tended to escape through i.the 

net meshes. This resulted in very poor catches 

in the August - November period, while the 

overall numbers caught did not reflect the total 

eel population that was present in the estuary. 

Despite this sampling inconvenience, the following 

observations were made concerning the distribution 

of Anguilla austrAlis: 
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(i) There was an initial period when 

a few specimens ventured into the estuary in 

August, the first individual dissected occurring 

on 25th August, 1965 0 

(ii) It was not until September-October 

that the beginnings of the main migration out 

of the estuary took place, the majority of the 

eels appearing to originate from the Heathcote 

river. The first eel caught futhe Avon channel 

was in November. 

(iii) There appeared to be a tidal 

movem~nt during September and October, in which 

th,e eels entered the estuary at high tide and 

retreated up full'ri vers at low tide. During 

mid-October onwards, Anguill~ was caught at all 

tides. 

(iv) The migration out of the estuary 

appeared to be a progressive one, the eels 

spending some time in the estuary feeding, 

before moving out to sea. The first evidence 

of eels in Monck's Bay was on 11th October, 

1965, when one individual was caught by beach 

seine during low tide. 

Juvenile eels were first sampled in 
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August. Owing to the lateness in sampling 

by dip net, it appeared possible that the 

young Anguilla australis were in actual fact 

permanent members of the estuarine fish 

population, living in selected areas of the 

estuary. 

A colour difference was noticed in 

adul t eels from ~'Ionck' s Bay andc'tbe Heathcote 

channel. In the Heathcote they appeared 

brown or greenish brown WIth a white underside, 

while in Monck's Bay the dorsal surface had 

changed to a yellowish-greenish brown with the 

ventral surface pale white. 

Anguilla dieffenbachi: Only one ~pecimen was 

found in the estuary, at the Dyers Road 

bridge on 5th 'November, 1965 (Fig. 2.12). 

Galaxias attenuatus: Fig. 2013 shows the 

sampling areas, and the locations in which 

the trwhitebait" were seen shoaling. The 

difficulty in sampling the shoals was caused 

by their habit of diving into deeper waters 

when disturbed. Thus, ~he greater proportion 

of the samples taken \vere from the Linwood 
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Avenue Culvert-Charlestone Drain area, and the 

Dyers Road shoreline, where enclosed areas made 

sampling easier. 

The first observed shoals occurred in 

Monck's Bay and along the dcliff's shore area 

on 20th August, 1965. These shoals were very 

small, comprising 5-20 specimens. The list 

below gives the monthly catches of whitebait: 

September (1965) ::::: 75 

November (1965) :::; 81 

December (1965) = 25 

February (1966) :::; 7 

April (1966) :::; 11 

Although the seasonal migration of 

Galaxias was very small during 1965/1966, the 

monthly samples above do not give any indication 

as to the siae of the migration, since a large 

proportion of the shoals observed could not be 

sampled because of lack of suitable catching 

equipment and a lack of shoreline irilets in 

which to entrap the shoaLs. 

Stokellia anisodon: Only one specimen \vas 

found, at the Linw'ood Avenue CuI vert on 3rd 

September, 1965. 

The rest of the species: LatridoEsis 

64. 



ciliaris, Reporham~us ihi, Thyrsites atun, 

Trigla kumu, Bovichtus variegatus, Hippocampus 

abdominalis and Mustelus antarcticus were all 

found in Honck's Bay and all caught by beach 

seine or otter trawl. These species were 

found inhabiting the deep open waters of 

Honck's Bay with the exception of Hi:E..:e.£.£ampus 

abdominalis, this species being located close 

to the shoreline. 

2.4 Section 2: Discussion: 

Permanent Species: 

With the exception of Aldrichetta 

forsteri, there appears to be little in the way 

of extensive tidal migration of fish into the 

estuary, the majority of the species confining 

their movements to encroachments onto the 

surrounding mudflats at high tide, or to small 

excursions along the river channels on the 

incoming tide, primarily for feeding purposes. 

Thus, Rhombosolea plebeia and Hhombosolea 

leporina were found, at high tide, in front 

of the sewage ponds and in the deeper waters 

over the mudflats, but retreat at low tide to 
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the neighbouring river channels. 

A few species were apparently not 

affected by tidal changes at all. 

Gobiomorphus basalis, along the Dyers Road 

shoreline, appeared to remain in the one 

habitat at all tides, tolerating the varying 

water depths (6-12" at low tide, to 5-6 feet 

at high tide) plus the accompanying changes 

in temperatures. A similar position 

occurs with the juvenile Anguilla australis 

found along the Dyers Road shoreline, and 

along the Charlestone Drain-Linwood Avenue 

Culvert area. High and low tide samples 

from the Charlestone Drain-Linwood Avenue 

Culvert region revealed their presence at 

all times of the tidal cycle and season. 

Along the Redcliff's-Monck's Bay~ 

Shagrock shoreline vertical tidal movement 

occurred. Thus, TripterygiOn nigripenne, 

juvenile forms· of Pseudolabrus celidotus 

and Acanthoclinus uuadridactylus, although 

remaining in the same area throughout both 

high and low tides, moved vertitally with 

66. 



the tides, keeping a constant depth from the 

surface. Specimens were caught at low and 

high tides 2 to 3 feet from the surface, while 

one specimen of Acanthoclinus was found at low 

tide beneath a rocky area, at the mid-tide level. 

The apparent effects of pollution were 

very noticeable at the head reaches of the 

Heathcote River channel, as was seen from 

Tables 2.1 and 2.2. However, this low tidal 

withdrawal may have been caused by a decrease 

in salinity. The effects of another form of 

pollution, that of sewage treated water, was 

felt by Aldrichetta forsteri, flliombosolea 

ID.ebeia and Hhombosolea lepprina, in the 

upper reaches of the A~on channel. It \vas 

noticed that fish caught in this area had a 

heavier coating of mucus when compared to 

other samples caught in Monck's Bay. 

Although no actual data is available, it is 

thought that this increase in mucus was a pro

tective device used by the fish against the 

presence of detergent in the sewage water 

(concentration of 1 part per million) 0 

Aldrichetta forsteri, the yellow-



eyed mullet, provided the most spectacular 

migration of all the species, moving some 

1-11 miles on each tide. The adults, moving 

in shoals, started from the Monck's Bay-River 

channel junction region, at low tide, and migrated 

rapidly to beyond the Heathcote and Dyers Road 

Bridges, a journey which took approximately 2 

hours. With the turn of the tide, these 

shoals then moved back to Monck's Bay. At 1 

hour before low tide (Lyttelton times) no 

A~arichetta forsteri were to be found in the 

central estuary. 

The juvenile Ailidrichetta forsteri migrated 

on a similar pattern to the adults, with the 

difference that they kept very close to the 

shallower shoreline, and generally to the top 

1 ~ 2 feet from the surface. Occasionally, 

shoals of juveniles were seen in the central 

estuary where there happened to be a fairly 

deep but relatively calm inlet of water. 

onal: 

The seasonal fish did not seem to have 

a strict tidal distribution. Spheroides richei, 

the predominant seasonal species, had a slight 
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locational variation in low and; high tide 

distribution although this was very difficult 

to determine in the absence of tagging operations. 

Of the 15 species listed as seasonal, 

8 remained in Monck's Bay throughout the tidal 

cycle; 5 were migratory, either out of the 

estuary (Anguilla australis, Anguilla dieffenbachi), 

or into the estuary (Salmo trutta, Galaxias 

attenuatus, Stokellia anisodon); while only 2 

ventured tentatively into the central estuary, 

e.g., Spheroides richei and Geniagnus monopterygius. 

Why a high number of the seasonal species remained 

in Monck's Bay is uncertain, but it may have been 

caused by:(a) increasing temperature to a 

comfortable optimum in the deeper Monck's Bay 

waters; (b) increasing temperature which meant 

increasing salinity in the deeper waters without 

the affects of the polluted freshwater of the 

rivers; (c) decrease in the fresh water volume 

in Monck's Bay; (d) the summer silting of the 

river channels, making otherwise optimum conditions 

intolerable owing to theoQmbined effects of 

shallow and fresh water. 

The migratory species appeared to use the 

estuary purely as a passage-way to their respective 



breeding grounds. Thus/Anguilla australis 

moved out of the estuary for the long migration 

to the North-east coast of Australia, while 

Galaxias attenuatus moved up the Avon and Heathcote 

channels. The catching of Salmo trutta in the 

estuary from August, 1965, to April, 1966, 

suggested that after spawning, a few of the 

specimens moved down the Avon Hiver into the 

estuary and out to sea, returning again the 

following autumn for breeding, thus accounting 

for the presence of the mature females in April, 

1966 (refer Section 5, pp, 221- 222 >. 

A general rule of fish distribution and 

movement was noticedlthat the larger the 

species composition, i.e~ size ranges, the 

more cosmopolitan it was throughout the estuary. 

In this light, the order of importance for the 

first six species \vere Rhombosolea plebeia, 

Aldrichetta forsteri, H.hombosolea leporina, 

ArriplIs trutta and Peltorhamphus novaezeelandiae, 

and Pseudolabrus celidotus. Exceptions to 

this rule did occur, e.g, Physiculus bacchus 

was present in considerable numbers, but 

never left the lower parts of Monck's Bay. 

The movements of the fish species have 
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become well known to the sporting public, with 

the result that widespread poaching of under

sized fish occur. It is recommended that one of 

three steps be taken: (a) raise the present 

size limit for the main types of food fish 

species; (b) close the estuary entirely to 

amateur fishing and so cultivate the estuary as 

a commercial incubation and nursery area;· (c) 

close the estuary for periods of 2 - 4 years, 

to allow the fish population to re-establish 

numbers before reopening the estuary to the 

public. If these or other drastic measures 

are not implemented in the near future, a 

serious fish decline, with the possibility of 

extermination in a few species,e.g., Rhombosolea 

plebeia, Rhombosolea leporina, Aldrichetta 

fors eri, will result. Once this happens it 

could take 5 - 10 years of concentrated effort 

to re-establish the present species composition" 
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SECTION 3 

SIZE AND GROWTH 

301 Introduction: 

A total of 6075 fish specimens were caught 

in the estuary divided amongst 29 species. 

On each individual two length measurements were 

made: standard length (S.L.) which was measured 

from the lo~ of the snout to the base of the 

caudal fin, and the total length (T.L.) which 

was measured from the tip 'of the snout to the 

tip of the caudal fin. The differences 

between the S.L. and T.L. gave the actual lengJ'h 

of the caudal fin, and this has been used in 

this Section when analysing the increase of the 

caudal fin length between species occupying 

different environments 0 ~ieights were measured 

in i ozs., being later converted to gramso 

In the size tables used for species having only 

a limited number of specimens the first 

measurement figure represents total length, 

while the second figure, in brackets, represents 
4~ 

the standard length!. Such species included 

Anguilla australis, Tripterygian nigripenne 

and Gobiomorphus basalis. 
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A number of statistical tests have been 

applied as follows: (a) The: analysis of 

variance test was used to analyse the 

respective species populations for similarity 

in the size structure of the two monthly samples 

(sometimes termed "homogeneity of populatio'n"). 

(b) When comparing population samples two tests 

were used: (i) the Student's t-test; and 

(ii) the more stringent Duncan's Multiple 

Range test. The latter test was only used when 

there were more than 2, two-monthly samples to 

compare. The analysis of variance tables, 

plus the Duncan's Multiple Range tables, are 

to be found in appendix 4.(b). (c) Standard 

deviations (S.D.) means (x) and standard 

errors of the means (S .E, 'sm) \vere calculated 

for all species having more than 100 specimens 

caught throughout the investigation. The 

means and their S.E. ranges (at the 95% 

confidence level) were graphed for each 

species. (d) For species having less than 

100 specimens, tables only were constructed 

sho\Ving dates and numbers caught, lengths 

(both T.L. and S.L.), weights, and locations 

of capture. (e) The least squares regression 
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method has been used to analyse the length to 

weight relationships for a number of species. 

These are located in fig. 3.12. 

The analysis of length - frequency and 

of the populations, were confined to only 

the size ranges that were caught by the 2-2~" 

meshed nets. The juvenile portion of the 

populations were omitted owing to the 

inconsistency, and in most cases impossibility, 

of sampling the small sizes. 

3 0 2 Length - frequency and Populations: 

Length frequency data has been used 

to give an indication as to the changes that 

occurred within the various species population, 

both monthly and seasonally. Such changes 

could be due to extensive migrations in and 

out of the estuary, to variations within the 

breeding pattern of the fish species, or to 

variations in the population mortality rates. 

The consideration of the last possibility was 

not included in the present investigation. 

This analysis of populations, through the 

medium of samples, ~an only be of significance 

740 



c o 

J w
 

CO 

~
 

a.. 

« w
 

-
l 

o if) 

o CO 
~
 

o :r: 
0::: 

......... 

E
 

E
 

<
D

 
d <

D
 

... II 

c ro Q
/ 

~
 

E
 

E
 

(Y
) 

t-.. 
,...; 

" .E 
w

 
U

) o C
O

 

U
"l 

..; 
(Y

) 

" !l) 

c--
0

1
 

(Y
) 

" c 

o L
O

 
o N

 
0 m

 

>
 

u C
 

Q
/ 

::J 
cr 
C

li 
.... 

1.1.. 

%
 Bl!' 

O/on/ 
%

8,/ 
%

I/l 

%
fe 

oIls "f) 
roE: "g 

'~8"9 

io6"~ 

.Lo/_o_l_ 
I 

L
%

9
"
6

 

L 
%~'?~ 

0 
o 

o 
<D

 

66,l -
0

6
l 

6
9

l -
092: 

G
E

:l-
D

E
l 

6
0

l -
D

O
l 

6
ll -

0 l. L
 E

 
E

 
6 'lL -

0'1 L ~
 

6 U
 

OLL 

6'0 
-

oe 

6 9 
-

O
g 

6
l -O

l 

.c
 

... en 
c: (lI 

....I 



c o .... ~ D
 

-.... .... U
l 

'0
 

..-. 
.... ()I 

.D
 

E
 

()I 
u ()I 

a • '-61 
.D

 
E

 
61 
>

 
o 
z 

E
 

E
 

en 

to 
0

0
 

c: t'() 

Q
I 

:E
 

E
 

E
 

(
'l

 

.,..:. 

" E
 

W
 

u) o 0
0

 N
 

.,..:. 
(Y

) 

" <Il 

L
O

 
cD

 
cD

 

c 

o 
o (
j)

 
o cD

 
o ("') 

o 

662: 
-

0
6

l 

68 
-

0
8

 

69 
-

09 

62: 
-

0 Z
 



I 
... 

« 
(:,) 

IJ..f 
.0

 
-' 

E
 

o if)
 

o ID
 

~
 

o I a: 

u 

M
 

ci 
IJ.. 

E
 

E
 

C
"-

d C1J 

" c: (Ij 
Q

I 

L 

E
 

'E
 

C
') 

0 ,..:: " 
W

 
to 

.... 0 
0 

en 
C1J 

E
N

 
C

"-

" 
" 

If) 
c 

o N
 

o m
 

66(; 
-

0
6

l 

%
 

r 
%

 
E' 

6
9

l -
O~l 

%8L 
%i~ 

/G
loi"E 

6
£

l -
O

£;l 

L "/"l'9
 

%
B

 
%

L
'tL

 
6

0
l -

O
O

l 

%
£L

 

%
!lL

 %
E

L
 

6
i.L

 
O

l.L 

_6YL -
O

.,L 
E

 
E

 
.£

. 
.... en 

S
U

 -
O

Ll 
c: 
o. 

, 
-
I
 

69 -
08 

S!l 
-

O
S 

6
(; 

-
0

(; 

o 



c: 0 
,-..... :::J 
.Q

 

'-.... III 

"0
 

~
 

u c: ~ :::J 
0

-
(1,1 
'-
-1:. .... O

J 
c: (1,1 

.J: w
 

m
 

w
 

-' 
CL 

« W
 

-
' 

0 V
') 

0 m
 

~
 

0 ::c 
a:: 

""'" 
- \II :::J 
III 
:::J 
« I 

Z
" 

:::J 
., -

E
 

E
 

E
 

"'! 
E

 0 0
0

 
..... 

0 
0 

1
.0

 
N

 

;>
-

I.) 

C
 

Q
> 

::l 

%
lfP

" 

%
1. 91 

)IO'€ 'L 
%

9€"G
 

66e:: 
-

06(; 

G9<: 
-09('; 

G
E

l-
OEe:: 

~~~--7Y~~o~_8~,_g------T60(;-00l 
%

1
.6

 'I. 

0 (1
) 

%
g
~
'
U
 

o ID
 

68 -
0 S 

6
9

 -
0

9
 

6e:: -
Oe:: 

o 

0
-

Q
> 

t.t 

E
 

E
 



r /I
) 

::
) 

co
 .....
 

"::
J" 3 3.
 

o 

2
0

-
2 

9 

5
0

 -
5

9
 

8
0

 -
S9

 
'1

.4
1 .. ---.
.-

2.
39

%
 

.. 
l 

3
.9

2
%

 c.>
 

o 
en

 
o 

..
" .... 'I
) 

.Q
 

c:.
 

/I
) 

::;
, n '<
 

<.I
I> o 

.... I-
..

) 

o 

.
~
 

1
1
0
~
 1

19
 

5 
51

 %
 

~
~
 

. .. 7. 
0

8
%

 

9
.4

4
%

 

7 
1

4
0

-1
4

9
 

1
0

.4
7

 %
 

-
\
 

I 

k 
<+ 

11
. 2

7
%

 

/-
.. .. 

1
0

.5
2

%
 

_ 
.. 

--
-I 

'f
 

1
7

0
-1

7
9

 
10

,,;
26

%
 

... 
8

.2
9

%
 

.. 
6

.3
4

%
 

2
0

0
-

2
0

9
 

-I 
,. 

4.
 6

2
%

 

23
0 

-
23

9 

2
6

0
 -

2
6

9
 

29
0 

-
29

 9
 
JL~

02%
 

c.
n o 

::s
 " 

0
0

 
o Y"
 

V
l 

IT
1 

" 
3 

.... ....
. 

w
 

" 
o

(
J
1

 
..

..
 

C
o

.>
' 

• 
(
J
1

0
 

en
 

3 3 

~
 

to
 

II
I 

::
) .. .... en
 

tv
 

(J
1

 

3 3 

."
 

0 W
 

-
J
. 

..
-

OJ
 - :::
0 

:I
 

0 ~
 

O
J 

0 (J
l 

0 r 
..

-
IT

l 
~
 

» 
jlJ

 
~
 

I 
""

0 
L

..
 

r-
C

 
:J

 
IT

l 
(I

;)
 

CD
 

'-
"
 

IT
l » I -(I;) :J
 

1.
0 - -:r .....

 .., (I
;)

 

.0
 

C
 

(I
;)

 

::J
 

(
)
 

~
 

0
. _. (I
l .....
 .., 0
-

C
 .....
 

0 :;
j 



wlio'n it is assumed that all individuals \vi thin 

a population follow similar behavioural patterns. 

Rhombosolea plebeia: Illustrated in fig. 3.1 

(a) - (e) are the length - frequencies of 

Rhombosolea plebeia plotted in hvo monthly 

intervals. 

pointso 

The figures, show the following 

(i) There is a gradual decrease in 

numbers from the winter months to the summer 

months. This is evidenced by the decline in 

fish totals from May to December, this decline 

being confined not only to the fish numbers, 

but also to the juvenile length classes. 

Thus, there is a decrease from 1100 in May 

June to 665 in Nov~mber - December, plus a 

decrease in the lbwer size groups, e.g., in 

the range 105 - 115 mm. The percentage 

composition declined from 3.92% in May - June 

to 063% in November - December. 

(ii) A comparison of the percentages 

within the length classes show that there is 

a decrease in numbers of young Rhombosolea 

£lebeia from winter to summer and a 

corresponding increase in adults. This may 



be seen in the list below, which compares the 

percentages of the two monthly samples set 

out in four length groups: 

Months ~ength Grou12 s (in millimeters) 

110-150 160-200 210-250 260-300 
m.m. m.m. m.m. m.m. 

May-June 43.77% 40.03% 7.43% 018% 

July-August 39.5% 46 Q 7gofo 8.64% 

September-
October 27 .. 6% 60Q1% 11 .. 5% 02% 

November--
December 23.13% 57.89% 17.79010 038% 

It becomes evident that the adults increase in 

summer while the lower size groups decrease, this 

decrease from winter to summer appr0ximatreng 5~bQ 

The adult increase is probably due to the summer 

breeding season when adults (above '200 mm.) 

migrate into the estuary from the sea. The 

increase in the percentage of the 160-210 m.m. 

size group with ihe'onset of summer may have been 

caused by either, a feeding response particularly 

for the lower lengths of 160-190 m.m., or, by 

a breeding response in the upper lengths of 190-

200 m.m. Further evidence for this seasonal 

interchange may be found in Sections 2 and 5. 
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The sudden overall shift in the size range 

during January-February (Fig. 3.1 (e» with the 

concentration in the 120-160 m.m. range, suggests 

a migration out of the estuary of the majority 

of the breeding adults, leaving behind the 

immature Rhombosolea plebeia. This means a 

reverting of the~;population to the winter size 

structure. Thus, one could arbitrarily predict 

that the March-April (1966 ) results would' .have 

fallen somewhere between the extreme January

February skewed population and the normal 

distribution of May-June (1965)0 

(iii) The absence of the very small 

Rhombosole~ plebeia population from the 

samples was due to the relatively small mesh 

size of the fish nets, and so do not enter 

into the present calculations. Nevertheless, 

it is considered that there is a good estimation 

of the population above the 100-110 m.m. lengths. 

Therefore, the relative uniformity of figures 

3.1 (a) - (e) suggest the presence of a small 

breeding population inhabiting the estuary 

at all seasons, plus a steady interflow of 

adults and juveniles between the estuary and 
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the neighbouring sea o 

(iv) The standard errors of the mean may 

also be seen on figures 3.1 (a) - (e). Since 

large samples were taken, 95% confidence 

limits for the means were calculated on the 

basis of a range of 1.96 estimated standard 

deviations either side of the mean. The 

ranges for the means are illustrated on figure 

3.2. Duncan's ]\'1ul tiple range test \vas used 

to underscore the means for January-February 

and ]\1ay-June, indicating that there wC\s 

similarity between the means for these months, 

but a significant difference occurring in the 

mean sizes for the rest of the year. The 

differences calculated for the mean ranges on 

figure 3.2 were considered to be small owing 

to the.tillarge numbers per sample, thus implying 

that the standard errors can be meaningfully 

attached to the mean values. 

The analysis of variance test \vas used 

to discover if there was similarity in the 

size structure of the 5 two-monthly samples. 

The F valu~ of 89.34 gave a probability P 

of less than .0001. The length - frequency 

distributions were therefore accepted as 
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indicating real differences between the 

populations from which they 'vere drawn. 

Analysis of the two monthly samples by t-tests, 

with infinite degrees of freedom, gave the 

following table: 

May-June 

July-Aug. 

Sept;-Opt. 

Nov.-Dec. 

Jan:-Feb. 

May
June 

o 

29,,6 

July
Aug. 

o 

67 0 5 4101 

86,,5 60.7 

5.47 27.3 

Sept.
Oct. 

o 

21.4 

Nov.
Dec. 

o 

Jan;-

o 

The t-test result, illustrating that there 

is a significant difference between the means 

of all samples, is in contradiction to the 

Duncan's test which showed a sim~larity of 

size structure in the January-February (1966) 

and 1'1ay-June (1965) samples Q This discrepancy 

of result, however, is obviously due to the 

more stringent nature of the Duncan's test as 

compared to Student's t. It may be 

concluded, therefore, that a reversal to the 

winter size structure in the estuary 

Hhombosolea plebeia population, does occur 

during late summer. 
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Hhombosolea leE2rina: On figures 3.3 (a) -

(d) are illustrated the length - frequencies 

of the small number of Rhombosolea leporina 

sampled. Data for these figures have been 

compiled for the total samples, including 

those made with the help of the Marine 

Department. A few tendencies emerge from 

these figures: 

(i) A larger proportion of adults 

seem to occur in winter than during spring 

and summer. This is suggested when 

considering the means and their standard 

error ranges on figure 3.4. Duncan's 

1>1ul tiple Range test was used to underscore 

the means having no significant difference 

between one another. The fact that all 

means are underscored indicates that there 

is no difference between the two monthly sample 

means. This suggests that while a small 

breeding population of adults may exist in 

the estuary, Hhombosolea leporin~ principally 

uses the estuary for feeding purposes, and 

that owing to the small number of adults in 

spring and summer, the great majority of 
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adults would breed outside the estuarine 

environment. The high ~ean estimate for May-

June may have been caused by an influx of adults 

that had spawned at sea the previous summer 

season and so entered the estuary for feeding 

and recuperation. 

(ii) The minimum size caught for 

Rhombosolea leporina was 100-110 m.m., as 

distinct from 80 m.m. for Hhombosolea plebeia. 

This difference was most certainly due to the 

ovoid shape of Rhombosolea leporina allowing 

the smaller sizes to escape through ttle 2-2tl1 

mesh netting. 

(iii) It is uncertain whether figures 

3.3. (a) - (d) show the beginnings of bimodal 

distributions or whether the various peaks 

are indicators of the various age groups in 

the estuary. Further, it is conceivable 

that the figures may actually give a true picture 

of the estuarine population, ioe., no one size 

group being dominant at any time of the year. 

The total specimens caught per sample prove 

that Hhombosolea leporina is not as abundant 

as Hhombosolea plebeia. 
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(iv) The result for November-December 

provides material for speculation, since, 

being constructed on a small total number of 

specimens, it shows a definite concentrated 

peak around 180-220 m.m. ~ince llliombosolea 

lepprina does not mature until approximately 

220 m.m. (see Section 5,p'9QJ), this lack of 

mature adults suggests that while a fe\v adults 

may breed in the estuary during summer, the 

majority migrate out to sea for the main 

spawning season. 

An analysis of variance test was computed 

on the two monthly samples. to find if there 

was similarity in the size structure throughout 

the year.. The F value of 4.44 gave a probability 

of less than .005 of drawing more div.ergent 

samples from a common population. The length -

frequencies were therefore accepted as 

indicating a real difference between the 

populations from which they were drawn. Since 

the analysis test was at variance with the 

Duncan's test result,· t-tests were computed 

between the samples having infinite degrees 

of freedom, the following table being constructed: 
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'Hay-June July-Aug. Sept.-Oct. Nov.-Dec, 

Nay-June 0 

July-Aug. 12 0 9 0 

Sept.-Oct. 13.4 203 0 

Nov,-Dec, 13.4 1.03 2.4 0 

It can be seen that by t-tests July-August 

and November-December had similar mean sizes, while 

the other months showed significant differences. 

Thus, the values of t gave a less stringent 

comparison between the sample means than did 

0uncan's test in figure 3.4, while at the same 

time indicating the location of the difference 

in the mean size as detected by the analysis 

of variance test. It may be definitelY'stated, 

therefore, that variation in the size structure 

of the flliombosolea leporina estuary population 

does change with the months although this 

change in mean size occurred at such a low size 

range that it appears as if tl~ majority of 

Uhombosolea leporina use the estuary for feeding 

purposes. 

l'eltorhamphus novaezeelandiae: Owing to the 

limited numbers caught no length - frequency 

figures were constructed. Below is a list 
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of the sample size, means 00, standard deviations 

(S.D.), and standard errors of the means (S.E.~) 

computed in two monthly intervals. 

May-J"une: S. D. 24.28; n = 19; X 158.15; 

S.E. :::: 5 057 m 

July-August: S.D. ~ 26077; n = 13; X = 165; 

September-October: S.D.; 51; n 

S.E. = 7 .. 21 m 

50; X 

November Decembee: S.D. = 22.25; n 58; 

X ::: 173 0 79; 

1966 

S. E. = 2.92 m 

January-February: S.D. = 27.11; n = 56; 

X ::: 196.78; S.E om = 3.65 

-

17702; 

March-April: S.D. = 55.23; n 9; X = 191.66; 

S.E' m ::: 18.41 

These figures show the following trends: 

(i) During winter there is not only a 

small population but also a {end to be grouped 

around the 150-160 m.m. size range. This 

suggests that the juvenile population uses the 

estuary during winter for feeding and growth, 

i.e., as a nursery area. 

(ii) With the onset of summer an increase 
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in numbers occurs, along with a small increase 

in the proportion of adults. The bulk of 

the population, howeven, was still composed of 

immature forms giving weight to the conclusion 

that Peltorhamphus utilises the estuary 

principally for feeding. The occurrence 

of juvenile forms below 60 mom. nevertheless 

suggests that a few adults do breed in the 

Monck's Bay region o 

(iii) Themsult for March-April (1966) 

is considered to have no important biological 

significance since the small. numbers sampled 

would have not given a true indication as to 

the population structureo 

(iv) The 8.E. ranges for the sample 

means are shown on figure 3.5, in which they 

have been underscored by Duncan's test into 

grpups baving no significant differences 

between one another. The figure shows 

that variation in the size structure of the 

estuary population occurs in July-August 

and from October-December, this variation 

being a significant increase in mean size 

lengths, suggesting the increasing presence 



of adults. As was mentioned above, a few 

adults may breed in the estuary environment. 

The S.E. range for March-April (1966) 

indicates that insufficient specimens of 

Peltorhamphus were caught during this period, 

and that the sample mean may be accepted as 

having little meaning to the actual population 

size structure. 

An analysis of variance test was used to 

test for any difference in size structure between 

the 5 two monthly populations. The }<-' value 

of 6 041, having a P value of less than .005 

was accepted as indicating a real difference 

between the. :populations from which the samples 

were drawn. T-tests were used to .try and 

locate the various sample differences, the 

following table being produced (the March-

April results for 1966 being.excluded as a 

non-representative sample mean) : 

May- July- Sept.- Nov.- Jan:-
June Aug. Oct. Dec. Feb. ---

JViay-June a 

July-Aug. 3.77 a 

Sept.-Oct. 9 0 01 601 0 

Nov.-Dec. 12.4 5.96 209 0 

Jan:-F'eb. 28 002 2001 16.,2 24.69 0 
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FIG.3·6(a) ALDRICHETTA FORST ERI-length-frequency distribution 
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It can be seen that a significant change 

in means occurs throughout the year, while if 

the one-sided probability is used, a progressive 

increase in Student's t would indicate a greater 

difference in the mean size range from winter 

to summer Q It may be concluded, therefore, 

that (i) there occurs migration, both seasonally 

and diurnally, between the estuary and the sea, 

and (ii) the apparent summer increase appears 

to be a real one. 

Aldrichetta forsteri: Owing to the large mesh 

sizes (2-2tll) the otter trawl and beach seine 

were only efficient for sizes above 170-180 m.m. 

Figures 3.6 (a) - (d) show the length -

frequencies of Aldrichetta forsteri along 

with their means, S.D., and S.E.'s. To m 

test for similarity of structure throughout 

the year in the Aldrichetta forsteri population, 

the analysis of variance test was again used. 

This gave an F value of 22 and a P value of 

less than .005 of drawing more divergent 

samples from a common population. T-tests, 

calculated on the two monthly samples, are 

illrtstrated in the table below: 
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Nay-June July-Aqg. Sept.-Oct: Nov.-Dec. 

May-June 0 

July-:-Aug. 5.2 0 

Se.pt:-Oct. 2.7 .. 5 20 Q 3 0 

Nov.~Dec. 5.8 12.9 61 0 

The one-sidedprob,abili ties show that there 

is a directional difference in mean sizes from 

the winter to summer, months 0 

The length - frequency figures plus the 

above statistical tests, show the following 

trends: 

(i) There is a seasonal variation in the 

mean sizes of the Aldrichetta,for~teri population. 

Both the analysis of variance test and the 

t-test sho\'I'ed that variability occurred in the. 

yearly populati,on, while;the t-test plus the 

S .E. ranges on figure ~.~7 suggest a decrease. 

in mean size length during SeI?tember ... October 0 

This decrease indicates that there isa 

migr~tion <;lut of the estuary of the individuals 

above 300 m.m. probably for the purpo~e of 

spawning at sea (refer Section gp.197) 0 

(ii) The other sample means show no 

significant differences from one another, 

indicating similarity in the size structure 
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of the various size groups. However, it 

would have been expected that in the summer 

months a wide heterogeneity of size lengths 

would have occurred, with emphases around 

300-330 m.m., i.e., a build up from the 

winter population, the size range being 

broadened by the seasonal influx of smaller 

sized lengths. This does not occur, however, 

leading to two explanations: (a) either 

there is a regular migration of smaller sized 

,Udrichetta forsteri into the estuary with a 

correspondingly continuous movement of adults 

out of the estuary, or, (b) there exists in 

the estuary at all times a juvenile population 

which continuously replaces the outward 

migrating adults, while itself being replenished 

mainly by estuarine breeding. 

(iii) The sample means plus their standard 

error ranges have been plotted on figure 3.7 

and underscored by Duncan's test. The more 

stringent nature of the Duncan's test showed a 

significant difference in the sample means, 

between September-October and the rest of the 

two monthly samples. This difference is 

illustrated above by the large t value fur 

September-October and indicates a decrease in 
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the adult size group of the Aldrichetta forsteri 

population. The S E 's for all months are • • m 

considered to have meaningful relationships 

with their respective means at the 95% confidence 

level, i.e., there is little deviation from the 

calculated means. 

Arripps trutta: Owing to lack of data length -

frequency figures were not constructed. Below 

is a list showing the means, S.D., S.E. ISm' 

and total numbers caught, plotted in two monthly 

periods for Arripus trutta: 

May-June: n ~ 22; S.D. = 30.61; X = 301.8; 

S.E.'sm = 6.52 

July-August: n = 28; S.D. = 64~21; 

i = 347.5j S.E.'sm = 12.13 

September-October: n = 57; S.D. = 20.71; 

x= 324.5; S E 's = 2.74 • • m 

November-December: n = 29; S.D. = 25.36; 

x 336.7; S.E. ISm = 4.7 

1966 

January-February: n 26; S.D. 67.68; 

'x = 277 0 8; S.E.'sm = 13.27 

March-April: n = 53; S.D. = 29.51; 

x = 240.4; S.B.lsm = 4.05 
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The data shows the following trends: 

(i) Throughout most of the sampling 

period there was a definite concentration of 

young immature adults (300-400 m.m.) in the 

estuary. This incidence of young adults suggests 

that the estuary is an unfavourable habitat 

for the mature adults (420 m.m. and above), 

since only 9. mature adults were caught through

out the sampling period from a totail of 214 

specimenso This lack of adults may h&ve been 

caused by their preference for depper waters, 

by a difference in diet from the juveniles, 

or, an increased sensitivity to pollution or 

brackish water .. 

(ii) The lowest sample mean (240 mom.) . 

occurred during JVIarch-April (1966). This 

arose, princip~~ly, by the invasion into the 

estuary of large numbers of juveniles between 

.180-280 m.m.· (refer to Page203 )0 This 

sudden appearance of the juvenile Arripns 

trutta may have been caused by the juveniles 

being stenohaline to estuarine 'conditions, 

although the low sample mean for March-April, 

and perhaps for January-February, may have 
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been caused by the migration out of the estuary 

of the young adult kahawai. Proof of this may 

be seen in the following changes in percentages 

between September-October and rvIarch-April: 

Nonth 

September-October 

March-April 

% ComI?osition 

:> 300 m. m.. 200-300 

78",9 

3.7 

21 

94.5 

It is not certain if smaller sized 

juveniles utilised the estuary or not, although 

it seems unlikely, since the 2-2t" mesh netting 

was considered capabl~ of catching specimens 

down to 150 m.m. (T.L.)o 

(iii) The S,E,'sm at the 95% level are 

plotted on figure 3.8 and underscored by 

Duncan's test. Duncan's test shows that 

there is no significant difference between 

the samples means for July-August, September

October and November-December. The calculated 

differences for the mean ranges were considered 

to be sufficiently small for the standard 

errors to be meaningfully attached to their 

respective mean values. 

The length - frequenc;tes w'ere tested for 
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homogeneity of population by the analysis of 

variance method, this being computed on the 

data in six samples at two monthly intervals. 

The F value of 42.47 gave a probability of 

less than .005 of qrawing more divergent 

samples from the common population. The 

two monthly samples were therefore accepted 

as indicating a difference between the 

populations from which they were drawn. 
-T-tests were computed, as shown bytthe 

table below: 

!-1ay- July- Sept:- Nov.- Jan::- Mar.-
June. Aug. Oct. Dec. ~ April. 

jVlay-June 0 

July-Aug. 18~37 0 

Sept.r-Oct. 18057 16 .. ,8 0 

Nov.-Dec. 23.42 6.09 11,,3 0 

Jan,;",Feb. 11.62 31.4 33.2 32.3 0 

Marc h;-Apr. 4309 71.2 88.1 78.6 24 0 

The t-tests show that all means when 

compared amongst one another, differ significantly, 

a result which is at variance with the above 

Duncan's test. It may be concluded therefore 

that migration between the estuary and the sea 

stabilises during the spring and early summer 
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"months. With the onset of mid-late summer, 

the estuary has an influx of juvenile forms. 

This difference in migration may be caused 

by individuals using the estuary principally 

for feeding. Further evidence for Arripns 

trutta using the estuary as a feeding area 

may be seen in the lack of mature gonads, 

in Section 5,p.201 below. 

Thus, it may be concluded that the 

mean size structure of the Arripbs trutta 

population increased from winter towards 

mid-summer, followed in January-February 

by a decrease in the mean population size 

structure, this decrease continuing until 

the onset of early \V"inter. 

Pseudolabrus celidotus: Owing to the 

inadequacy of the two monthly samples the 

construction of length - frequency figures 

were not made, Below is a list of the 

means, S.E. ISm' S.D., and numbers of the 

two monthly samples: 
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-May-June: n = 3; S.D. = 4.18; X = 180 m.m., 

S.E.'s = 2041 m.m. m 

September-October: n = 29; S.D. = 14.91; 

X = 201 04 m.m.; S E 's o • m = 2077 m.m. 

November-December: n = 70; S.D. = 22.99; 
-
X = 203.2 m.m.; S.E.'s - 2.75 m.m. m 

1966 

January-February: n = 8; S.D. = 28066; 
-
X = 219.2 m.m.; S.E. 's = 10.16 m.m. m 

March-April: n = 14; S.D. = 20.88; 
~ 

X = 210.7 m.m.; S.E. 'Sm = 5.58 m.m. 

The data shows the following trends: 

(i) Since adults of Pseudolabrus 

celidotus grow to 200-220 m.m. it is 

evident from the above means tha~ adults 

were abundant throughout the year. The 

reason for the lack of winter samples is 

thought to be caused by Pseudolabrus 

celidotus keeping very close to the rocky 

shoreline, thus making sampling difficult. 

(ii) Not represented on the above list 

are a number of juveniles caught along the 

Redcliff's - Monck's Bay shoreline. Those 

caught were: four on 25/8/65, two on 7/9/65, 
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two on 25/9/65, one on 5/11/65 and one on 

6/11/65. The presence of these juveniles, plus 

the fact that Pseudolabrus breeds in the estuary 

(refer to Section 5, P.204 ), strongly suggests 

that the "guffyll is a permanent member of the 

fish population. 

(iii) The S.E.'s were found to have the . m 

following ranges at the 95% level, as plotted 

on figure 3.90 The calculated differences 

for the mean ranges for September-October and 

November-December, \vere considered to be 

sufficiently small for the standard errors to 

be meaningfully attached to their mean values. 

However, for }'1ay-June uncertainty arises, since, 

although the mean range of 7.66 appears small, 

the calculation was based only on 3 specimens. 

Further, the S.E. range result for January-

February was considered too large to be 

meaningfully attached to the respective mean, 

indicating that the calculated mean was not 

in fact a true representation of the population 

size structure from which it was drawn. 

Since the implication arises, therefore, 

that there may be a similarity between the 

monthly means, an analysiS of variance test 
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Table 3.1 continued 

Date Location and Method Size iieight Sexual 
and of capture ( total (grams) Maturity 
Numbers length) .. 

(Stan-
dard 
lengths-
m.m.- in 
brackets) 

-
181;12/65 .Shagrock (dip net) 60 (52) 3 male IV 

( 1) 

17/2/66 Fisherman's Wall 72 (62) 5 female II 
( 1) (dip net) or VII 

8/4/66 Shagrock shoreline 48 (40) 1 female I 
(2) (dip net) 52 (45) 1 female I 







was conducted to discover if there was homogeneity 

of population between the samples. The F value 

of 2.43 gave a probability P of .05, signifying 

that there was no real difference between the 

population sample means. Thus, since 

Pseudolabrus celidotus has a restricted breeding 

season (refer to Section 5) an awkward situation 

arises ,v-hereby two conflicting theories are 

suggested: either, there is complete random 

mixing and migration of all the size lengths 

between the estuary and the sea, or, there is in 

the estuary a population of Pseudolabrus where 

migration plays a very minor role. Distinguishing 

between these two theories would first require 

an extensive tagging programme followed by a 

period of time for re-sampling. 

TripterygiQn nigripenne: Table 3.1 has been 

constructed to show the following: dates, 

locations and methods of capture, size range, 

weights, sexual maturity and numbers of 

Tripterygion nigripenne. Since dip net 

fishing was started only at the beginning of 

August, '!.dnter samples are unavailable. 



Nevertheless, it seems certain the Tripterygion 

is a permanent member of the estuary owing to the 

presence of a breeding population. 

Tripterygian nigripenne was caught in three 

locations; along the Monck's Bay shoreline, 

along the Redcliff's shoreline, and along the 

Dyers Road shoreline. Although the salinity 

varied between these localities, i.e. 'marine 

conditions in Monck's Bay, brackish conditions 

along the Redcliff's shoreline, and freshwater/ 

brackish water along the Dyers Road shoreline, 

it was uncertain whether these localities 

actually constituted 'varieties' or 'races' 

of the Tripterygion species. The definition 

of the tarim. 'race' in this thesis "has been taken 

to mean the splitting of a species into a number 

of units or populations, by physical or 

environmental factors (acting as extremes or 

barriers), but if brought together the 

populations would still be capable of unrestricted 

interbreeding. However, testing for race was 

beyond the scope of this thesis and so cannot 

be proveno 

Analysis of variance tests were used in 
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an attempt to distinguish mean size differences 

between the Monck's Bay and Redcliff's shorelines 

populations. The analysis of variance was made 

on the Monck's Bay population, the F value of 

3.71 giving a probability of between 005 - .025, 

indicating a similarity of si~e structure in the 

popul~tion between the months; while the 

variance test on the combined populations of the 

Monck's Bay and Redcliff's shorelines gave an 

F value of 19 0 77 and a probability of less than 

.005, indicating a difference in size structure 

between the months. Analysis by Student's t 

,between the Hedcliff' s - Monck's Bay populations, 

for August and November gave the following 

values: 

August, t = .3-02 (13 D.F.) 

November, t .01-0001 (8 D.F.) 

It was found that in August no significant 

size difference occurred between the two 

regions, while in November a significant 

difference did occur. This illustrates that 

in September or October a change in the size 

structure between the populations takes place 9 

Since has breeding territories 

'in these areas this strongly suggests a 

TFfE LIBRARY 
UNIVERSITY OF CANTERBURY 

'CHURCH, N.Z. 
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change in size structure caused by the onse~ of 

the summer spawning season (refer to Section 5), 

in which either, there is an influx of females 

into the estuary, or, the sexes,being separated 

in winter, come together in summer for the 

purpose of breeding. Whether this size increase 

may also be connected with the above-mentioned 

frace' concept is uncertain. 

The numbers caught by the dip net method 

did not reflect the true population size that 

existed in the estuary. Thus, there were 

no specimens caught below 30 m.m. (T.L.), while 

lilrger specimens above 90 m.m. may have 

occurred. However, from table 5 it does 

appear as if maturity is reached at lengths 

between 50 - 55 m.mo 

Gobiomorphus basalis: From August 1965 to 

April 1966, 142 specimens of Gobiomorphus 

basalis (Stokell~ 1955) were caught in two 

major areas; the Dyers Road Bridge shoreline 

and the Linwood Avenue culvert - Charlestone 

drain region. Below is a list of the mearu, 

standard deviations, standard errors of the 

mean and numbers, related per season for the 
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two areas: 

Dyers Road Shoreline: 

August-September-October: n == 24; S.D.::: 14.14; 

x == 40; S • E. I S ;:0 2" 88 
m 

November-December-January: n == 20; S.D. == 18; 

x 39.2; S . E. IS == 4 Q 02 
m 

February-Narch-April: n 
-X :::: 34.4; S.E,IS :::: 2.61 

m 

35; S. D. 15; 

Linwood Avenue culvert - Charlestone drain: 

August-September-October: n == 3; S.D. 5.74; 

X == 26.6; SoB. 'Sm 3.31 

November-December-January: n 18; S.D. = 13.15; 

-X :::: 36.3; S.E,l sm == 3.09 

February-March-April: n = 42; S.D. ;::·17.12; 

X 34,,8; S.E.'s =:: 2,,6 
m 

can be seen from the above S.D.'s and 

means, the two populations had a concentration of 

juvenile forms. For this reason, analysis of 

variance tests were employed for the two regions, 

to investigate the possibility that size diff-

erences may have occurred between and within 

months. The result for the Linwood Avenue -

Charlestone drain region gave an F value of .48 

and a P value greater than .1, \vhile on the 
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FIG.3·10 GOBIOMORPHUS BASALIS-length·frequency distribution 
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Dyers Road bridge shoreline population, the F 

value of 1.083 gave a P greater than .1. 

The analysis of variance tests showed that 

there was homogeneity of the population structure 

between the months. Since this was the case 

the length-frequencies for the three sampled 

seasons, spring-summer-autumn, were combined 

and plotted to show the population structures 

of the two areas (figure 3.10). From the above 

data the following conclusions may be drawn: 

(i) Owing to the predominance of 

juveniles both areas appear to be permanent, 

self-maintaining populations, i.e., containing 

a sufficient number of juveniles capable of 

overcoming any mortality, migration or predation 

effects that may occur to the population. 

It is uncertain just how wide rang'ing these 

populations are; whether in fact there is an 

interchange of individuals with other areas 

Qr not. Thus, it is likely that the Linwood 

Avenue culvert - Charlestone drain population 

uses extensively the upper reaches of the 

Linwood culvert (partially tidal), while the 

Dyers Road population probably migrate into 
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the lower reaches of the Avon River. Nevertheless, 

the variance tests above do show that the 

population size structures, as illustrated in 

figure 3.10, did not vary with the seasons 

in which the samples were taken. 

(ii) Analysis, by Student's t-test of 

the seasons, between the two populations, 

showed no significant differences with respect 

to the mean size lengths, e.g o : 

In August-September-October, t probability = 

03 - 02 (25 D.F.) 

In November-December-January, t probability = 

.6 - .5 (36 D.F.) 

In February-March-April, t probability = 

>.9 (75 D.F.) 

Thus, in <c.o.njunction tv! th the above 

analysis of variance results, it is evident 

that the population structure of the two 

areas remains constant all the year. This is 

considered to indicate that in both areas there 

is a thriving, vigorous population, one in 

which the presence OI juveniles greatly 

predominates over that of the adults. 

(iii) The irregularity of the plotted 

lines on figure 3010 was probably due to 
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3,,2: SIZE - FREQUENCY SPHEROIDES HICHEl 

1965 Monthly 1966 I 
Size October November December January- April 

Februarv 
60-69 

70-79 3 -
80-89 - 1 1 

I 
-

90-99 2 4 2 

100-109 2 4 9 10 3 

110-119 4 7 15 11 4 

120-129 4 2 20 16 11 

130-139 7 4 26 10 12 

140- 9 2 2 9 7 2 

150-159 3 4 16 9 10 

160-169 3 2 2 5 

170-179 2 2 2 

X - - -134.6 X = 12701 X = 131.5 X 125 .. 9 X = 136 0 7 

S.E. = 2.74 S Ii' 3071 m gJ.:..t. m 8.E. = 1. 78 m S.E. m = 2.61 ~, E 
:::; •. < • m 2.82 

I 
n = 25 n = 23 n = 102 n = 75 n :::: 51 

8.D. "" 13.71 S.D. 17,,8 S.D. 18 .. 05 S.D. = 22.61 S.D. = 20" 17 



sampling imperfection and to the unsuitability 

of the sampling methods. 

(iv) An interesting feature was the 

apparent lack of juveniles below 20 m.m. 

This applies particularly to the Dyers Road 

population which~more 'open' to possible 

migrations up the Avon channel. c. S. 

Woods (1963 and pers. comma 1966) states 

that the small fish (below 25 m.m.) move 

into small backwaters, either upstream, 

or, in the estuary, before entering the 

areas sampled in the present investigation. 

Spheroides richei: O\dng to a bias in· 

sampling no figures have been constructed 

to show length - frequencies per month. 

Table 3.2 shows the monthly distributions 

of the sizes caught and dissected, plus 

the means, S.D.l s , S.E.Js and numbers per 
m 

month. The sample bias was due to 

Lndiscriminate rejection of large numbers of 

SEheroides richeio An analysis of variance 

test was computed on the results for 
.J 

October, November, December and January-
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February to test for homogeneity of population. 

The F value of 2.143 gave a probability of 

,,1 - 005. This suggests that there was no real 

difference between the sample mean sizes. For 

a seasonal species this was to be expected. 

Table 3.2 illustrates the following points; 

(i) The larger adults do not appear to 

enter the estuary until December. Whether this 

was strictly a breeding occurrence, or due to 

varying lengths of time takeri by the individuals 

to migrate from their winter grounds, is 

uncertain. These reasons may also explain 

the apparent confining of the juveniles to 

December-January. 

(ii) The similarity in the P9pulation 

size structure throughout the spring and summer 

may be seen when the monthly means are compared, 

along with their accompanying standard error~~ 

ranges in figure 3.11. 

These error ranges were considered 

sufficiently small to be meaningfully attached 

to thenr respective means. Both the mean and 

error value illustrate that very little difference 
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in the size structure occurred in the Spheroides 

richei estuary population. 

(iii) During collecting, the complete 

size range of the Spheroides richei population 

was sampled as randomly as possible. Although 

a certain amount of bias did occur, in that 

large numbers of all sizes were returned to the 

estuary, it is considered that the monthly 

samples show reasonably accurqtely the true 

picture of the population size concentrations. 

3.3 Length-Weight Relationships and Allometric 

Growth: 

The body form or shape of an organism, 

at any stage of development, is a function of 

the relative proportion of the various parts 

to one another and to the organism as a whole. 

Variations in shape is the direct result of 

differences in the relative growth rates of the 

various dimensions, and of the duration in 

growth. Below, growth has been given the form 

of length and weight and the subsequent analyses 

were used to describe the growth changes made 

possible by these measurements. 
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Of the 29 species caught in the thesis, 

only 9 were caught in sufficient numbers to 

warrant a length-weight analysis, using the 

least squares regression method. These 

species were Hhombosolea plebeia, Hhombosolea 

leporina, Peltorhamphus novaezeelandiae, 

Aldrichetta forsteri, Anripis trutta, 

Pseudolabrus celidotus, Anguilla australis 

and GObiomorphus basalis. \~here ages were 

available the mean instantaneous growth rates 

were employed to calculate the mean daily 

increase in the natural logarithm of length 

and weight, and by so doing to locate the 

area or areas in which these two measurements 

deviated. 

The regressions of length to weight were 

investigated by formulae described by Ricker 

( 1958) • \1eights and lengths were converted 

to base 10 logs and the linear regression of 

log weight (Y) on log length (X) w~s calculated 

as log y = blogx - a. This method was chosen 

in preference to the direct plotting of weight 

against length, since by converting the data 

to a logarithmic straight line, direct analysis 
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was made much simpler, whereas by the direct 

plotting to form a sigmoid growth curve, complex 

analysis, both mathematical and biological, 

becomes inevitable. The formulae was then 

converted to the,'allometric equation of 

w :::: alb, where wand I are weights in grams 

and lengths in centimeters respectively. 

The allometric equation is in fact the 

exponential form of the regression formulao 

and may be used as a means for predicting 

population changes, e.g., length and weight 

variations, as a means for 'identifying 

different populations, and where doubt exists, 

for identifying different species, and subspecies 

that may occur in similar habitats. Further, 

the exponential form of the regression may be 

used to predict the measurement of the organ 

(y) if x is known, and vice versa. The 

resul ts of the regressions of \V'eight against 

length are illustrated on figures 3.12 

(a) - (e). The following points emerge: 

(i) The parameter b, which equals the 

increase in y for a unit increase in x (i.e. 

slope), varies considerably between the 
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species. The theoretical value b = 3 has been 

taken to describe a fish having isometric 

growth, i.e., having unchanging body form and 

unchanging specific gravity. This comes 

about since weight is a function of length 

cubed. Thus, when length is arbitrarily 

squashed into a cube form, then w = 13 

(where wand 1 are' in grams and centimeters 

respectively) i.e., if the cube form has 

sides 5 cm. then the weight will be 5x5x5 = 

125 gm. Therefore, any deviation from 

b 3 will mean a deviation from the cube 

form which in turn indicates, a change in body 

form. Further, a theoretical value of 

b = 3 indicates unchanging specific gravity 

with age. This change in specific gravity 

may come about by increased fat deposits, 
r 

greater muscular density, increase deposition 

of calcum in cartilage with age, increase of 

the coelomic organs, or presence or absence of 

an air bladdero 

The b values for the 9 fish species may 

be found on figures 3012 (a) - (e). From 

these values a tentative observation may be 



made: that of the 9 species concerned only 

Rhombosolea plebeia, Anguilla australis and 

Peltorhamphus novaez.eelandiae have the 

regression b similar to the hypothetical 

b value of 3. 

(ii) The extent to which the respective 

b values vary from 3 can be estimated by the 

calculated b coefficient figures: 

S)2ecies b coefficient Probability 

Hhombosolea plebeia .6175 06 - .5 

Rhombosolea le)2orina 15.1579 <.001 

peltorhamthus 
novaezee-andiae 1.572 02 - .1 

Aldrichetta forsteri 3.5545 .01 - 0001 

Arripis trutta 10.4754 < 0001 

Pseudolabrus celidotus 2.6451 .05 - ,,02 

Gobiomor)2hus basalis .156 >.1 

Spheroides richei 5.23 <.001 

Anguilla australis .4346 .7 - 06 

As would be expected, Rhombosolea plebeia 

and Anguilla australis were the only species in 

which the calculated b did not differ significantly 

from the hypothetical b = 3. The low probability 

for Peltorhamphus novaezeelandiae, however, was 
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considered to be borderline, i.e.
j 
larger 

samples may have given a probability approaching 

05. 

The result for Gobiomor2hus basalis was 

cQnside~e,d suspect, for a calculated b value of 

3.8435 would obviously differ from 3. This 
. I . 

discrepancy reflects inaccurate ini~t~al weight 

measurements, brought about by using gram weighings 

on such a small fish species. The measuring error 

would make suspect any calculations made concerning 

the lengths and weights of this species. 

The remaining six species, above, showed 

a significant b coefficient. The b coefficient 

is a statistical measurement showing whether the 

calculated b varies from t3 , the hypothetical 

b, for the number of measurements under 

consideration. The formulae is: 

t = 
b - ~ 

.J r: (x - x) 2 

s 
or t = b - f3 

Sb 

where Sb ::: S.E. of b, (2 :::: the hypothetical b 

value, and the symbol s of the regression 
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defined as; for any value of x, s equals the 

range both sides of the regression within which 

about 68% of y values will fall. Thus, ra. - b 
Sb 

equals a value which is distributed as t for 

the probability that fi - b = 0 (i.e., ~ = b)., 

Therefore, grmvth was not isometric in the six 

species, and that there was changing specific 

gravity, or changing body form, or both, with 

increase in age. 

(iii) The calculated S.E. 's of b (Sb)' 

which give the range in which 68% of determinations 

of b would fall if these were from samples of 

the size drawn from the same infinite population, 

were calculated at the 95% confidence level. 

The closer b is to 1 the nearer the line is to 

the horizontal, while the further b is from 

1 the closer it is to the vertical. The 

computed S.E.' s of b have the following range 

at the 95% confidence level: 

§E.ecies Numbers Range 
(n-2) 

Rhombosolea Elebeia 22 2.9437-3.104 

Hhomb.osolea le}2orin<l; 24 2.704-2.926 

Peltorhamphus 
novaezeelandiae 16 2 0 882-3.017 
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SJ2ecies Nlitmbers Range 
(n-2 2 

Aldrichetta forsteri 27 3.057-30211 

ArriEis trutta 21 2.4-27-2.639 

Pseudolabrus celidotus 12 30038-3.395 

Gobiomor,Ehus basalis 12 .309-70377 

S}2heroides richei 9 2.815-2.926 

Anguill& australis 13 2.738-3.174 

The discrepancy in the S.E. range of b for 

Gobiomor}2hus basalis substantiates the remarks 

concerning the b coefficient made above, i.e., 

the weight measurements made on this species were 

not accurate and therefore may be discounted. 

Anguilla australis showed an interesting 

result. This species has a b coefficient of 

.4346 and a t - probability between .7 - .6 

indicating that the calculated b value of 2.95 

did not- differ significantly from-the hypothetical 

3, and yet it had a Sb range from 20738 - 3.1740 

The reason for this wide S.E., range may lie in 

the peculiar life cycle of Anguilla. The change 

from the flat, fairly large larval stage, to a 

reduction in size, weight and shape in the elver 

stage, then an increase in length and weight during 

the adult stage, may all combine to give this 

large S.E. variation. This reason combines 

well with the observation that the increase in 
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the length in the initial elver stages appears to 

outstrip the intrease in weight. It was not 

until the young adult stage that \veight and length 

appeared to have equal precedence. 

The remaining species show 8 0 E. ranges which 

would b~ expected from their b coefficients. 

(iv) The parameter a, which indicates the 

value of y when x = 0, is negative in all cases 

as would be expected from fish having a stretched 

form. '1'his value, however, is tied up with 

the respective specific gravities of the species. 

For a more detailed account see Section 7. 

(v) The correlation coefficients, r, 

shown on the figures, all have near perfect 

positive correlation, as would be expected when 

investigating weight and length relationships, 

for one is a function of the other. Since the 

b value for Gobiomorphus basalis was found 

above to be inaccurate, it was surprising to 

find a positive r correlation between weight 

and length. 

In many studies the growth rates have 

been expressed in a logarithmic of "instantaneous" 

form, as the proportionate increase in the 
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weight or length of a fish during a given time 

interval (in this thesis the time interval was 

per day), and has the advantage of simplifying 

the comparison between the growth of the fish 

. under different conditions by eliminating one 

of the variables, that of the initial size of 

the fish. In the method the mean instantaneous 

grmvth rate (Allen, 1951) is expressed as the 

mean daily increase in the natural logarithm 

of weight and length. For length, this 

was simply calculated by: 

loge L2 - loge Ll 

365 

in which log is the natural logarithm, and L2 e . 

and Ll are the end lengths of the respective 

ages (years). Since one can convert common 

logs to natural logs by multiplying by 2.3026 

the.above formulae may be simplified to 

(log 10 L2 log 10 L1 ) x 2.3026 

365 

For weight, however, a complication arises, 

since weight is a cube function of the linear 

measurement in any direction, thus making 
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comparison of the two measurements incompatable. 

To overcome this, the weight measurement was reduced 

to the cube root which then made \veight L:3, and 

not just a cube function of length, i.e., by getting 

the cubed root of weight one arbitrarily 'squeezes' 

the length into a cube shape having the relationship 

of lcc. = 1 gram. Therefore, the weight formula 

takes the form of: 

365 

or simplified as: 
3 

(log 10 VW2 
365 

log e 

:3 
V"'--\I[-l-

3 
log 10 V-"""~v""'l- ) x 2.3026 

Where W2 and W1 are the respective weights between 

two ages and log the natural logarithm. e 

The mean instantaneous (daily) growth rates 

were calculated for Rhombosolea plebeia, Aldrichetta 

for s t er i ,P _.;;;;.s_.::....::..:..;;.....::...;;.;;.,;;.;...;..,;;....;;.:~..:.c_e...;..l..:.i...;..d...;..o...;..t...;..u~s, .Arri pis trut t a 

and Peltorhamphus novaezeelandiae (figures 3.13 

(a) - (c). In this transformation weight 

becomes defined as length equivalents (Le ), which 

is lithe length of the side of a cube whose volume 

is equal to that of the animal" (Lyne and Verhagen, 
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Table 3.3 continued: 

gn6wth rate per year. Above measurements are 

thought to be in standard lengths. 

Pseudolabrus celidotus: 

Ages from 1-3 years are those from Parrott 

(1957), while from 4-6 years the ages have been 

extrapolated from this data source: 

1 year 65 m.m. 

2 years ::::: 105 m.m. 

3 years = 145 m.m. 

4 years = 175 m.m. 

5 years ::::: 200 mom. 

6 years 215 m.m. 

The first year was based on the assumption 

that the juvenile specimens, caught during 

August (1965) had hatched in the previous 

summer (November-December spawning). 



Table 3.3 continued 

fnoni Thompson's results: 

Age 

~ength (m.m.) 

1 2 3 4 5 6 

55 135 205 265 305 335 

Year 6 length has been extrapolated from 

ages 4 and 5. 

Arripis trutta: 

Ages used are those borrowed from Malcolm's work 

(1960) from Australia; these are: 

1 year = 180 m.m. 

2 years = 260-280 m.m. 

3 years 400 m.m. 

4 years = 480 m.m. 

5 years = 520 m.m. 

6 years 600 m.m. 

7 years 670 m.m. 

8 years = 730 m.m. 

These ages must be considered with caution since 

they are based on research in \vestern and Southern 

Australian waters. Owing to cooler waters the 

New Zealand kahawai may have a slower and different 



TABLE 3 0 3 

AGE TO LENGTH IlliLf\TIONSHIPS 

Rhombosolea plebeia: (refer Parrott, 1960): 

1. First day after hatching ::: m.m. 

2. Third week after hatching::: i" or 12 m.m. 

3. First year = 100 m.m. 

40 Second year = 200-210 m.m. 

5. Third year = 260-270 m.m. 

6. Fourth-fifth years = 330 m.m. 

Peltorhamphus novaezeelandiae: 

1. First year = 120-130 m.m. 

2. Second year 210-220 m.m. 

3. Third year 300-310 m.m. 

N.B. Ages are very tentative as they are 

based on a few recapture fish only,kindly 

lent by Mr. R. l"lundy, Narine Biologist, 

Christchurch Marine·Department, from his 

investigations. 

Aldrichetta forsteri: 

Thompson (1956) found a linear relationship, 

above 5 cms., between the increment in scale 

dimensions and increment in fish length. He 

also found a sex difference in size. As no 

size differences were noticed in the present 

thesis, the following table was constructed 



1957). Thus, although in practice the volume 

of an animal is not readily obtainable, it is 

adequate and convenient to work with the cube 

root of the body weight and assume that the specific 

weight of the animal is one, i.e., if the body 

weights of two animals are 8000 gms. and 125 

gms., thea the linear equivalents are 20 cms. 

and 5 cms. respectively 

The one pre-requisite for this form of 

analysis is a knowledge of the age to length 

relation. However, since very little in 

New Zealand has been accomplished in the field 

of ageing of fish species, involved in the present 

investigation, it has been necessary in some 

cases to use overseas examples. '<'Ilflether 

these ages are comparable to New Zealand 

species, or not, is uncertain. 

The age/length relationships, used in 

this thesis, are to.be found in table 3.3. 

These ages were used to calculate the 

following mean daily increments in the 

natural log (refer to figures 3.13 (a) -

(tr): 
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Hhombosolea Elebeia 

Lengtl! Log 
~9.. Length 

0-1 yrs .,~ .~ .0097 

1-2 yrs .0018 .0018 

2-3 yrs .0007 00007 

Aldrichetta forsteri 

Age 

0-1 yrs 

1 ... 2 yrs 

2-3 yrs 

3-4 yrs 

4-5 yrs 

5-6 yrs 

Length 
~. 

.0049 

.0011 

00007 

.G003 

.0002 

Log 
Length 

.0025 

.. 0013 

,,0007 

,,0003 

.. 0002 

Pseudolabrus celidotus 

Age Length Log 
.£!l.!.. Length 

0-1 yrs 

1-2 yrs 00065 000 ;13 

2-3 yrs 00094 .. 0008 

3-4 yrs .0053 ,,0005 

4-5 yrs .0053 ,,0004 

5-6 yrs .. 0013 .0001 

A study of the mean 

Peltorhamphus 
novaezeelandiae 

Length Log 
Age ~. Length 

0-1 yrs 

1-2 yrs .0014 

2-3 yrs .0009 

ArriEis trutta 

Age Length 
~. 

0-1 yrs 

1-2 yrs ,,00079 

2-3 yrs .,0012 

.0014 

00009 

Log 
Length 

.001 

00009 

instantaneous growth rates 

illustrate the following points: 
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(i) Generally, a comparison of length with 

weight shows that the mean growth rate of weight 

is proportional to that of length, i.ea, W L3 , 

and that both the log increment of weight and 

length decrease with age. This fact agrees well 

with the expected b values falling close to 3 

for most of the species. 

(ii) The mean daily increase shows, for 

anyone species, whether there is a change in body 

form with increasing age. lhus, a species with 

b approximating 3, e.g. Rhombosolea plebeia, 

and Peltorhamphus novaezeelandiae, will have 

the length and length equivalents g~aphed as 

parallel lines. In species where b differs 

from 3 the graphed lines will not "be parallel. 

(iii) The Le to log length increments 

for Arripis trutta show a marked deviation 

from being parallel (figure 3.13 (b)). This 

is in keeping with the calculated value of 

b 2.5, showing a deviation from the hypothetical 

3, iae., the mean instantaneous growth rate 

confirms the belief that the deviation of the 

calculated b value of 3 is at least partially 

due to changing body form with age. Specific 

gravity may also change, but this is unknown. 
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The explosive increase in weight during the 

2-3 years may indicate a slow initial weight 

increase during the first two years. This 

increase may be caused by deposition of 

skeletal matter, increase in muscle tissue, 

or by increase in body volume. 

(iv) The significant discrepancy of the 

regression b in Aldrichetta forsteri was 

accentuated by the mean daily increment of 

the natural log. During the second year 

weight increased faster than length. It is 

not certain whether this growth rate change 

entirely explains the log weight deviation, 

since it was observed that the juvenile 

Aldrichetta forsteri shoaled in the upper 

surfaces of the water and near the shoreline, 

while the adults kept very much to the deeper 

waters. This difference in habitat appears 

certain to have been caused by a difference 

in specific gravity. 

(v) Pseudolabrus celidotus showed 

length equivalents varying considerably from 

log length during the 2nd and 4th years, 

Since the juveniles occupied the shallower 

shoreline habitats, it appears as if the 
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2nd year deviation in length equi'i'alents WHS 

caused by a change in specific gravity. This 

explanation, however, does not hold for the 

4th year, since all specimens above 140 ·m.m. 

were found in the same depth of water. 

Unless there is a discrepancy in the age-length 

relations outlined above in Table 3.3 for the 

4th and 5th years, it appears that there is 

a change in body form during this age group. 

The reason for this apparent change is 

uncertain, but may involve a growth increase 

in body depth. 

D'Arcy Thompson (1917) stated that all 

organisms reached the adult form by 

differential growth in different directions. 

Huxley (1924), while studying the development 

of the chela in the fiddler crab, made the 

first quantitative analysis of differential 

k growth by formulating y = bx , to describe 

the relation of the growth.of an organ to 

that of the whole organismo This implies 

that there is a constant ratio between the 

specific growth rates of the two dimensions, 

being plotted as log y = log b + k log x, 
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and showing that when two dimensions obey the 

law, the points lie along a straight line. 

Richards and Kavanagh (1945) have summarised 

the lines of attack which led in the past 

to the formulation of the Allometric equation. 

A great deal of controversy has taken 

place over the use and formulation of the 

equation. Some authors (Sholl, 1954) 

think that too extensive a generalisation is 

one of the dangers of the allometric method; 

others (Jedwell and Williams, 1956) state 

that the allometric equation is nothing more 

than a statistical expression rather than an 

intrinsic law of growth; while some (Hecht . , 
1916) found constant growth rates for those 

animals having indeterminate growth, i.e., 

indeterminate growth rates of increase vary, 

bui once constant, growth ceases. Other 

authors on this topic have been Hobb (1929), 

Huxley and Teissier (1936), Huxley and Heeve, 

(1945), Huxley (1950), Sholl (1950), 

Zuckerman (1950), Jerison (1955), Jerison 

(1961), and White and Gould (1965)0 

The allometric equation is in actual 
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fact the exponential expression of the regression 

formula y a + bx. In this thesis the exponential 

b is y ax, where y and x are the dimensions of 

the organs, or, of the or~anism in question, b is 

the ratio of the geometric growth rates, and a, 

the initial growth constant specific to the 

dimensions under consideration. (For a brief 

analysis of a and b, see Section 7,PP, 241-~52). 
y 

Thus, when b = 1, Y ;::: ak, and - :::: a. It follows 
x 

thqt when x has been raised to b in an example, 

;r '" a. 
x 

Deviations from allometry, therefore, 

may be of two types: 1. b may change allometry 

continuously during growth; 2. there may be 

a sudden change in b during a lif~ cycle, e.g. 

ecdysis and instars. The following list gives 

the exponential form of the above length/weight 
-

regressions found on figures 3.12 (a) - (e): 

Rhombosolea ,Elebeia~ W = .0119L3 . 023 

Rhombosolea le:eorina: \V ;::: .01948 L2<.8155 

PeltorhamEhus \V :: .01103 L2 . 95 

novaezeelandiae: 

Aldrichetta forsteri: \II :::: .00646 L3 • 134 

Arri,Eis trutta: W .08085 L2.5332 

Pseudolabrus celidotus: W ;::: .01381 L3.2169 

Common bully W .002962 L3.8435 
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Spheroides richei: 

Anguilla australis: 

W = .03888 L 2.8712 

W = 0002446 L2.9561 

It is concluded that weight is a function 

of length cubed, or of some figure close to a 

cube (derived from Herbert Spenser's Cube Law, 

1871), and that this relationship can be used 

to predict weight from length as an alternative 

to the empirical regression provided by the log 

transformations of both variables. 

Sinbe various fish species occupied 

different habitats, regression analyses were 

calculated between caudal fin length (C.L.) 

and Standard length (S.L.), on the surmise 

that different modes of existence would 

necessitate a difference in the importance 

of the caudal fin,thus influencing its rate 

of growth. Millimeter lengths were converted 

to base 10 logs and the linear regressions of 

log C.L. (y) on log S.L. (x) calculated as 

y = a + bx. The results were converted to 

the allometric form , r 
t~ =:: 

b al • The results, 

shown on figs. 3.14 (a) and (b) illustrate 

the following points: 

(i) Of the four species, Rhombosolea 



plebeia is the only one in which the calculated 

b is not significantly different from 1, i.e. 

increase in caudal fin length and standard 

length are approximately the same. In the 

other species, Aldrichetta forsteri, 

Pseudolabrus celidotus, Spheroides richei, 

a significant difference occurs between 

growth of caudal fin and standard length o 

The probabilities that these lengths have 

similar increases, are: 

less than .001 

behveen .05 - .02 

Spheroides richei: .. 01 - .001 

That there is a correlation hetween 

standard length and caudal length is proven by 

the positive r coefficients being close to 1. 

(ii) The b coefficients (i.e., whether 

the calculated b varies significantly from 

thg hypothetical b, which in this case is 1) 

for the four species are as follows: 

Rhombosolea 
plebeia 

Aldrichetta 
forsteri 

b 
coefficient 

1 

5.299 

P 

.4 - .3 (significant) 

.001 (significant) 
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Species 

. Pseudolabrus 
-celidotus: 

Spheroides richei 

b 
coefficient 

2.29 

::>.23 

p 

.05 - .02 (significant) 

.01 (significant) 

Hhombosolea plebeia was the only species 

found in which the caudal fin length grew at a 

similar rate to that of the body length. In 

t4e other three species caudal fin growth in 

Aldrichetta forsteri arid Pseudolabrus celidotus 

grew at a more rapid rate than body length, 

while in SJ?heroides richei, cc;tudal fin growth 

was slower than body growth. Therefore, it 

may be concluded that the species occupying 

the more exposed habitats have a faster caudal 

fin growth.when compared to increases in body 

. length" 

(iii) The S.E.ls of b have the following 

ranges: 

Species 

Rhombosolea plebeia 

Aldrichetta forsteri 

Pseudolabrus celidotus 

Spheroides richei 

Numbers 
(n-2) 

44 

44 

40 

34 

Range 

0957 - 10014 

1. 109-1. 244 

1.004-10071 

.793-.953 
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As would be expected, these S.E.'s confirm 

the b coefficients results, i.e., the closer 

the calculated b is to the hypothetical value 

of 1, the narrower is the S.E. nange of b, and 

the smaller the value of the S.E. 

(iv) It will be noticed in the four 

examples, that b cuts the y intercept at 

different levels of a. 
\ 
\ 

Thus, s 

i has the lowest value for b and the highest 
--'----

value for a, while Aldrichetta forsteri has the 

reverse situation. It appears that the lower 

the value for a, the more important l1:ecomes 

the caudal fin in the l:ife of the respective 

species, i.e., the parameter a may perhaps 

be used as an index for identifying the use 

of habitats" 

3,,4 §.ize Ranges in Small Groups 

Within the scope of this section are 

those species which coptain only a few 

specimens caught throughout the investigation. 

Of the 29 species discussed in this thesis, 

18 fall within this section. 
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Table 3.4 Continued . -Dates Location and Lengths Weight Gonad Approx, 
and Methods of Capture (total) (grams) JVIatur- ages 
Numbers (Stan- ity (years) 

dard (see 
lengths appen-
in dix) 
Brackets) , 

1\1 ,]\1. 

258 (238) 149 female 1-2 
II J' 

228 (208) 112 female 1 
II 

255 (230) 147 female 1-2 
II 

242 (222) 126 male I 1-2 
260 (238) 158 female 1~~ ! 

II 
8/12/65 Shagrock (Mr. 310 (285) 259 female 2 

(6) M.Mitchell - II-III 
angler) 250 (238) 126 female 1-2 

II 
242 (225) 126 female 1-2 

II 
240 (218) 119 female 1-2 

II 
262 (238) 168 female 1-2 

II 
318 (290) 280 female 2 

III 
18/4/66 Monck's Bay 408 (375) 665 female 2-3 I 

! 

( 1) (Beach Seine x2) I II 

-



TABLE 304: PHYSICULUS BACCHUS 

Dates Location and Lengths tV-eight Gonad Approx, 
and Methods of Capture (total) (gramsj IVlatur- ages 
Numbers (Stan- ity (years) 

dard (see 
lengths appen-
in dix) 
Brackets) 

m.m. 

11/6/65 Monck's Bay 380 (350) 490 female 2-3 
(1 ) (Beach Seine x2) III 

15/6/65 Monck's Bay 500 (455) 1096 female 4 
(2) (Beach Seine x2) V 

405 (370) 74,9 female 2-3 
IV 

27/10/65 Monck's Bay 272 (248) 175 female 1-2 
( 1) (otter trawl II 

station 1) 

10/11/65 .l\1onck' s Bay 305 (278) 245 female 2 
( 1) (otter trmvl II 2 

station 1) 

22/11/65 Iv1onck' s Bay 320 (300) 280 female 2 
( 1) (otter tra\vl II 

station 2) 

24/11/65 Shagrock (Mr. 1\1 270 (245) 168 female 1-2 
( 14) Mitchell - II 

angler) 282 (260) 210 female 1-2 
II 

268 (245) 168 female 1-2 
II 

262 (242) 154 female 1-2 
II 

260 (235) 161 female 1-2 
II 

290 (268) 238 female 1-2 
II 

230 (210) 119 female 1 
II 

265 (245) 181 female 1-2 
II 

235 (215) 119 female 1 
I I II 

Continued 



Phlsiculus bacchus: Only 27 specimens were 

caught in 1965/1966. Table 3.4 gives the dates, 

location, methods of capture, lengths, weight, 

gonad maturity, and approximate ages, of these 

specimens. 1'he ages have been taken from 

Parrott (1957) : 

6 months 100 - 150 m.m. (4 11 - 6") 

1 year 228 m.m. (9") 

2 years :::: 305 - 380 m.mo (12 ft - 15") 

4 years :::: 510 m.m. (20") 

Since the age measurements were originally in 

inches, it has been assumed that the year 

classes, mentioned by Parrott were measured in 

total lengthso 

The table shows the following 'points: 

1. The principal age groups in the 

estuary are from 1-2 or 2 years. A few 

older and larger individuals do venture into the 

estuary but only in limited numbers. It is 

uncertain whether this dearth of adults is 

due to the isolated situation of the estuary 

or to the peculiar estuarine conditions 

prevailing. 

2. With a preponderance of juveniles 

in the estuary, fhlsiculus bacchus appears to 
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use the estuary entirely for feeding purposes. 

3. From the age list above, the Red cod 

has an extremely rapid growth rate when compared 

to other species, e.g., Arripis trutta and 

Aldrichetta forsterio 

Trachelochismus pinnulatus: .Below a list of 

specimens caught during the 1965/1966 season, 

showing dates of capture, size range, and weight: 

4/5/65: 

29/6/65: 

24/8/65: 

25/8/65: 

13/9/65: 

60 m.m. (T.L.): 55 M.M. (S.L.): 

weight =: 5 grams. 

50 m.m. (T.L.): 45 m.m. (S.L.): 

weight = 3 grams. 

38 m. m. (T. L. ): 32 m. m. (S. L. ) : 

'weight = 1 gram. 

42 mom. (T.L.): 35 m.m. (S.L.): 

weight == 1 gram. 

45 m.m. (T.L.): 40 m.m. (S.L.): 

weight == 2 grams. 

10/11/65: 40 m.m. (T.L.): 35 M.M. (S.L.): 

weight = 1 gram. 

Since Trachelochismus grows to 70 - 80 

m.m. (T.L.) it is obvious that the above 

specimens are either juveniles or young adults. 
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Aeanthoelinus guadridaetylus: The size of the 

four specimens are listed below: 

Monck's Bay 25/9/65: 68 m.m. (T,L.); 58 M.M. (S.L.); 

weight ~ 3 grams. 

Shagroek Shoreline 5/11/65: 120 m.m. (T.L.); 

105 m.m. (S.L.); weight = 25 grams. 

Monck's Bay Shoreline 6/11/65: 200 m.m. (T.L.); 

175 m.m. (S,L.); weight 84 grams. 

Monek's Bay Shoreline 7/12/65: 85 m.m. (T,L.); 

70 m.m. (S.L.); weight:::: 7 grams. 

The ages for Aeanthoelinus have been 

determined by Jillett (1961) in his unpublished 

thesis. These ages are as follows: 

6 months :::: 4.9 ems. 

1 year :::: 5 .. 9 ems. 

2 years 10.03 ems. 

3 years :::: 12.3 ems. 

4 years = 14.01 ems. 

5 years =:: 15.66 ems. 

6 years :::: 17.59 ems. 

7 years :::: 18.25 ems. 

8 years 18.63 ems. 

9 + 1 years 19.25 ems. "2 
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Theages of the four specimens caught 

during the investigation were: 1-;]: years, 

1 3 years, 9 + ~ years and 1+ years respectively. 

If these ages represent a selection of the 

estuarine population, then it appears probable 

that i\canthoclinus occurs in fairly extensive 

numbers, and may also have a breeding population 

in the estuary. 

SEASONAL SPECIES: 

Gobiomorphus huttoni: only two specimens were 

caught: 

Redcliffs' shoreline 7/9/65: 55 m.m. (T.L.); 

48 m"ffi. (S.L.); weight == 2 grams. 

Dyers Hoad Bridge 25/9/65: 65 m o'm. (1'. L. ) ; 

55 m.m. (S.L.); weight = 4 grams. 

Gobiomorphus gobioides: Three specimens were 

caught: 

Dyers Road Bridge 5/11/65: 79 m.m. (T.L.); 

68 m.m. (S.L.); weight c 7 grams. 

Dyers Road Bridge 8/4/66: 102 m.rn. (T.L.); 

85 m.m. (S.L.); weight = 13 grams. 

Dyers Road Bridge 8/4/66: 98 mom. (T.L.); 

80 m.m. (S.L.); weight = 11 grams. 
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Geniagnus monopterygius: Individual sizes were 

as follows: 

26/4/65: 250 m.m. (T.L.); 215 m.m. (S.L.); 

weight :::::: 210 grams. 

3/11/65: 235 m.m. (T.L.); 200 m.m. (S.L.); 

lveight :::: 231 grams. 

15/11/65: 265 m.m. (T.L.); 228 m.m. (S.L.); 

weight 259 grams. 

24/11/65: 260 m.m. (T.L.); 225 m.m. (S.L.); 

weight =: 280 grams. 

15/2/66: 208 m.m. (T.L.); 175 m.m. (S.L.); 

weight == 168 grams. 

20/4/66: 65 m.m. (T.L.); 53 m.m. (SoL.); 

weight 8 grams. 

Owing to a lack of age determination in 

Geniagnus, it was assumed that of the above 6 

specimens, the first five were adults and the 

last a juvenile. The \veight variations were 

most likely caused by the varying amounts of 

food found in the respective individuals. 

Leptoscopus angusticeps: (Parrott (1960) 

states that the Itsandfish ll averages 305 m.m. 

in length, with a few rare specimens reaching 
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TABLE 3 0 5: SALMO TRUTTA 

Location~and,Methods !Numbers Size Range I Gonad States I APprox-1 Weight 
·ofcapture Caught (rr.L.) imate (grams) 

I 
(S. L. in Ages 
brackets) (years) 

channel (Beach Seine x4) 1 400 (365 mm) female I 3-4 875 

chcinnel (Beach Seine x4) 1 315 (285 mm.) male I 3 336 

cha.ilnel (Beach Seine x14) 1 265 (238 mmJ female I 2-3 203 
c(Beach Seine x2) 2 385 (350 mm) male I 3-4 615 

330 (310 mm) male I 3-4 433 

(Beach Seine x2) 1 350 (320 mm) Male I-II 3-4 455 

Seine x2) 2 685 (645 mm.) male II-III 6+ 4480 

275 (242 mm) Male I 2-3 287 

(Beach Seine x4) 2 288 (258 mm) male I 2-3 308 

255 (230 mm.) female I 2-3 185 

Seine x4) 2 448 (385 mm.) female V-VI 3-4 
(e.ggs = 

1
982 ) 1905 923 ) 

605 (510 mm) I female V- 6+ 
(eggs :: 
2788) 5012 
2224) 

(Beach Seine x4) I 2 I 485 (410 mmJ I female V-VI 4 
(eggs ::: 
1140) 2 
1000) 

430 (365 mm) I female I 3-4 



TABLE 3 0 5: SALMO 

channel (Beach Seine x4) 

Av,onchannel (Beach Seine x4) 

Avorlc:p.annel{Beach Seine x14) 

Bay '(Beach Seine x2) 

~Bay (Beach Seine x2) 

(Beach Seine x2) 

channel (Beach Seine x4) 

chan.nel Caeach Seine x4) 

I 

Numbers 
Caught 

1 

1 

1 

2 

1 

2 

2 

2 

2 

Size Range 
(rr.L.) 

(C' 1 . 
". J. 1n 

brackets) 

400 (365 mm) 

315 (285 mm.) 

265 (238 mm.) 

385 (350 mm) 

330 (310 mm.) 

350 (320 mm) 

685 (645 mm.) 

275 (242 mm) 

288 (258 mm) 

255 (230 mm.) 

448 (385 mm.) 

Gonad states 

female I 

male I 

female I 
male I 

male I 

Male 

male II-III 

Male I 
male I 

female I 

female V-VI 
(eggs = 
982 ) 1905 
923 ) 

APprox-1 
imate 
.Ages 
(years) 

I 
3-4 

3 

2-3 

3-4 

3-4 

3-4 

6+ 

2-3 

2-3 

2-3 

3-4 

605 (510 mm) I female V-VI 6+ 
(eggs = 
2788) 5012 
2224) 

485 (410 mm) I female V-VI 
(eggs = 
1140) 2 
1000) 

430 (365 mm) female I 

4 

Weight 
(grams) 

875 

336 

203 

615 

433 

455 

4480 

287 

308 

185 



535 m.m. The four specimens caught during the 

investigation had the following dimensions: 

Beach Seine x3 29/6/65: 150 m.m. (T.L.); 135 m.mo 

(S.L.); weight = 15 grams. 

Beach ine x2 7/12/65: 278 m.m. (T.L.); 248 m.m. 

(S.L.); weight = 126 grams. 

Beach Seine x2 9/12/65: 245 m.rn. (T.L.); 220 m.m. 

(S.L.); weight =: 84 grams. 

Beach Seine x2 19/4/66: 255 m.m. (T.L.); 225 m.m. 

(S.L.); weight =: 84 grams. 

It is evident from the lengths that the 

speciman caught on 29/6/65 was a juvenile, 

while the other three specimens were adults. 

Salmo trutta: Table 3.5 has been constructed 

to show dates, methods, and location of capture, 

numbers caught, size range, gonad state, 

approximate ages, and weights of the 14 specimens. 

It is obvious from the table that Salmo's 

existence in the estuary depends entirely on 

behaviour. The prese~ of specimenia'during 

the spring of 1965 could have been caused by 

the breeding season ending and the spent fish 

moving back to the estuary for feeding, on 
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ADULTS TABLE 3.6: ANGUILLA AUSTRALIS JUVENILES 

Date Location and Size Weight Gonad Date Location and 
and Methods of Range (grams) Mat- and Methods of 
Numbers Capture (S.L. in urity Numbers Capture 

Brackets 
m.m. 

26/9/65 Heathcote Channel 658 (650) I 3641 female II 25/8/65 Redeliffs Shoreline I 250 (246) I 33 
( 1) (otter trawl II (1) (dip net) 

station 4D) 
11/10/65 Monck's Bay 59,5 (,590)' 378 female 3/9/65 Linwood Ave Culvert 108 (107) Less 

( 1) (Beach Seine x2) II (7) (dip net) than 

18/10/65 athcote Channel 575 (570)1 392 female 102 (101) 1 

(1) (otter trawl' III 1115 (114) 
gram 

station 4D) 

27/10/65/ Heathcote Channel 655 (640) 588 female 4 = 55 (-)' I ~-, 

(1) I (otter trawl III 3/9/65 Charlestone drain 62 (-) station ) ( 1) ( net) 
1/11/65 Heathcote Channel 625 (620) 595 female 7/9/65 Redcli Shorel.ire 1140 (139) I 5 

(3) (otter trawl III ( 1) (dip net) station 4D) 410 (405) 206 " 
645 (635) 602 II 7/9/65 Causeway stream I 61 (-) I 

( 1) (dip net) 

3/11/65 Avon Channel 670 (660)1 693 fI 12/9/65 Dyers Road Bridge 140 (139) I 5 
( 1) (otter trawl (2) (Avon) (dip net) 170 (169) 7 

station 5B) 17/9/65 Heathcote Channel 1 65 (-) 
6/11/65 Rabliffs Shoreline 550 (545) 364 II ( 1) (otter trawl 

( 1) (dip net) station 313) 

8/11/65 Heathcote Channel 665 (655) 616 " 25/9/65 Dyers Hoad Bri 1251 (212)1 16 I male 
(2) (gill net) ( 1) (dip net) 

16/11/65 Heathcote Channel 680 (670) 574 II 15/11/65 Charlestone drain I r) 165 \-
( 1) (otter trmvl . (1) (dip net) 

station 4A) 



Table 3.6 continued: ADULTS 

Date 
~and 

18/11/65 
( 3) 

24/11/65 
( 1) 

24/11/65 
(1) 

25/11/65 
(4) 

25/11/65 
( 1) 

1/12/65 
( 1) 

6/12/65 
(1) 

7/12/65 
( 1) 

10/1/66 
( 1) 

Location and 
Methods of 
Capture 

Heathcote Channel 
(otter trawl 
station ) 

Heathcote Channel 
(otter trawl 
station ) 

Shagrock ,"L"'. 
I -angler) 

Heathcote Channel 
(otter trawl 
station 4B) 

Avon",'Channel 
(otter trawl 
station 6) 

Sewage pond 
(otter trawl) 

's Bay 
(Beach Seine x2) 

Monck's Bay 
(Beach Seine x2) 

Heathcote channell 
(otter trawl 
station 3B) I 

Size 
Range 
(S.L. in 
Brackets) 

m.m. 

648 ( 

625 (615) 

558 (548) 
715 (700) 

648 (638) 

6 (688 
(585 

680 (670 
605 (598 

662 (652) 

710 (695) 

722 (712) 

700 (690) 

682 (672) 

'lifEdght"'Gonad 
(gr:ams,):;, ,'Mat

urity 

469 

581 

342 
693 

,710 

623 
504 
658 
462 

681 

861 

961 

917 

637 

female 

If 

II 

" 

II 

II 

" 
II 

" 
II 

11 

" 
It 

II 

Date 
and 
Numbers 

5/11/65 
( 1) 

11/65 
(2) 

17/12/65 
(5) 

17/12/65 
(9) 

:18/12/65 
( 1) 

15/2/66 
(3) 

Location and 
Methods of 
Capture 

Dyers Road 
(dip net) 

Charlestone 
(dip net) 

Charle one Drain 
(dip net) 

Linwood Ave 
Culvert (dip net) 

ttoad Bridge 
qet) 

Charlestone Drain 

Size 
Range 
(S. L. in 
Brackets) 

m.m .. 

152 (150) 

312 (305) 

405 

165 
155 

88 
,,~68 

62 
60 

135 
238 

(395) 

(163) 
(152) 
(87) 
(G6~" 
(60) 
(59) 
(134) 
( ) 

138 (136) 
165 (163) 

225 ( ) 
195 (192) 

195 (192) 
138 (136) 

90 (89) 

122 (120) 

5 

44 

206 

7 
6 
1 
.." 

5 
26 

5 
10 

26 
17 

17 
5 

1 

5 

{r' __ .... ..: ____ "J \ 

male I~ 

female 
I 1 

" 
II 

" 
II 

female 
I 

male I 
female 

I 
e I 

I 
If 

1/ 

male 



Tabl,e ,3;~Er'Cont:Lnued.: 

,'Date 
and 
Nu.nibe,rs,' 

, ,Lo cati6h·and 
Methods' 
Capture 

ADULTS 

e2} ,'I x " 

Size I Weight 
Range ' ,(grams) 

, (8. L. in 
brackets) 

705 (69<») 

755 (740) 
700 (690) 

810 (800) 
740 (730) 
765 (750) 

917 

1048 
665 

1297 
905, 
861 

Gonad 
'fI.1at
urity 

Date 
and 
Numbers 

f~male 1115/2/66 

II 

" 
II " 

II 

" II 

JUVENILES 

Location and 
IVIethods OI 
Capture 

I Linwood Ave 
I CuI vert (dip net) 

Size 
Range 
(8.L. 
brackets) 

115 (114)j 
172 (170), 

110 (109) I 
140 (138), 

82 (81) 

~veight 
~rams) 

1 
8 

1 
6 



their wl;\y to the sea,while the absence of specimens 

during summer may have been caused by all individuals 

either, remaining in the Avon River o~ out at sea, 

During autumn the adults migrate back into the 

estuary to prepare for spawning. 

The ages used in the table, are approximations 

only, being based on the paper by Parrott (1932). 

'rhe age/length relationships given by Parrott are 

as follows (lengths assumed to be standard lengths) 

Male 

1 year 115 m.m. 1 year :::: 120 m.m. 

2 years :::: 215 m.mo 2 years 232 mom. 

3 years :::: 305 m.m. 3 years 330 mom. 

4 years 400 m.m. 4 years 410 m.m. 

5 years 484 m.m. 5 years :::: 450 m.m. 

6 years :::: 510 m.m. 6 years ::::: 485 m.m. 

Anguilla australis: O\ving to the inadequate fishing 

methods, no attempt has been made in constructing 

length-frequency graphs, or in estimating S.D., 

means, or S.E.'s of the means. Table 3.6 shows 

the numbers, locations, and dates of capture of 

32 adults and 42 juveniles, plus their size range, 

\veight, and gonad maturity, from August, 1965, to 

February, 1966, the following tendencies emerge: 
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(i) .There is a very slow weight increase 

when compared to length, juveniles below 

110-115 m .. m. being less than ~ grams in weight; 

from 120-199 m.m., weight 5 - 17 grams; 

200-299 ~.mQ' from 17 - 35 grams; 300-399 m.m, 

from 44 - 190 grams; and 400-599 m.m., from 

200 - 500 grams. Above 600 m.m. the weight 

became erratic, depending a great deal on 

food contents and the condition of the individuals Q 

(ii) The estuary has a wide range of size 

groups, from young .elvers of 55 m.m. (white or 

transparent) to adults of 800 m.m. \:Vhile the 

adults are definitely seasonal, it is not 

certain whether the juveniles are.p~rmanent or 

not. ~/oods (1963) and Stokell (1955) state 

that the young Anguilla australis migrate up 

the rivers after coming in from the sea. 

Woo~s, however, maintains that there is a 

period of rest, in the estuary, when the eels 

reach about 4 11 before their movement into the 

rivers. Even allowing for this later view, 

there does not seem to be an explanation as 

to the presence of the numerous middle size 

ranges in the estuary unless it is accepted 
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that there is a complete popul.,tion existing 

around the estuary murginso 

(iii) The majority of the adults appear 

to enter the estuary from the HeU1.,hcote Hiver, 

a rather surprising feature considering the 

polluted nature of the river water. This may 

be partially explained by their resistance to 

abnormal conditions, e.g., a young specimen 

(155 m.mo), caught at the Charlestone drain 

(17/12/65) lived for 24 hours in an enclosed 

t gallon jar containing 1" of water. 

Two further samples were taken in April, 

1966: 5 juveniles at the Charlestone drain 

(8/4/66), while 6 adults were caught from the 

Avon channel (20/4/66) by beach seine. 

Considering that the adults were all approaching 

maturity, it seems that the New Zealand short

finned eel begins it's breeding migration to 

the warmer north ~ustralian waters 10 - 12 

mtnths prior to spawning. 

Ageing of eels is a difficult process, 

since the relationshi~ of length/age varies 

tremendously accordblg to habitat and locality. 

For ageing of the .ltlantic l:':uropean eel, see 

Nikol'skii (1963). 
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~~uilla dicffenbachi: Only one specimen: 

250 m.m. T.L.; 245 m.m. S.L.; weight = 56 grams. 

Galaxias attenuatus: One adult was caught along 

the Dyers Road shoreline on 5/11/65. It's 

length was: 85 m.m. (T.L.); 78 m.m. (S.L.); 

weight = 41 grams. The other samples during 

1965, ranged in size from 40 - 70 m.m. (T.L.) 

and 35 - 60 mom. (S.L.); with all weights 

below 2 grams. 

During 1966, 18 whitebait were caughto 

All those measured in February were from 

48 to 52 m.m. and weighed below 2 grams. 

In April 11 specimens were caught below the 

Dyers Road bridge, 7 being immature forms 

of 45 = 55 m.m. total length, while the others 

were adults: 

8/4/66: 90 m.m. (T.L.) = 5 grams 

78 m.m. (T.L.) 4 grams 

68 m.mo (T.L.) 2 grams 

68 m.m. ('1'. L. ) 2 grams 

With respect to size and age, Stokell 

(1955) gives the following approximations: 



10 Lvhen young move out to sea"" 5-7 m.m. 

2. As "whitebait" (1t-2i years) = 

50-55 m.m. 

3. Average adult size (3 years) = 

100-110 m.mo 

Thus, it appears that most of the specimens 

dissected were half grmill forms, with only 5 

mature adults present. 

Stokellia anisodon: Only one specimen caught: 

67 m.m. (T.L.); 58 m.m. (S.L.); weight = 1 gram. 

LatridoEsis ciliaris: Six specimens were 

caught during the summer months. The List 

below gives the dates of capture, the lengtttls 

and weights 

22/11/65: 280 m.m. (T.L.); 230 m.m. (S.L.); 

weight = 238 grams. 

288 m.m. (T.L.); 232 m.m. (S.L.); 

weight = 242 grams. 

9/12/65: 272 m.m. (T.L.); 225 m.m. (S.L.); 

weight:;; 175 grams. 

17/2/66: 300 m.m. (T.L.); 240 m.m. (S.L.); 

weight ::::: 342 grams. 
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19/4/66: 322 m.m. (T.L.); 260 m.m. (S.L.); 

weight:::: -. 

352 m.m. (T.L.); 328 m.m. (S.L.) 

weight -. 

Considering that Latridopsis ciliaris can 

grow up to 20 lbs., the four specimens above are 

obviously only juvenileso 

Heporhamphus ihi: Only one specimen was caught, 

9/12/65, in Monck's Bay, although popular belief 

has it. that Reporhamphusihi extends as far as 

the causeway culvert. Length of the specimen 

was 2oQO m.m. ('1'.L.)·, 258 m (Q L· ) "'e" ht .m. >.~ •• ; v 19 

was 30 grams. 

Thyrii~~~ atun: The one specimen had total 

length;;;: 882 m.m. and standard length 782 m .m. ; 

weight = 2182 grams. The specimen was only a 

young adult since·older fish grow to 6 ft and more. 

Trigla kumu: Below is a list of the four specim~ns 

caught with date of capture, size and \veight: 

15/2/66: 180 m.m. (,r.L.); 150 m.m. (S.L.); 

weight 65 grams. 
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180 m.m. (T.L.); 150 m.m. (S.L.); 

weight 63 grams. 

200 m.m. (T.L.); 165 m.m. (S.L.); 

'weight = 84 grams. 

195m. m • (T. L • ) ; 160 m • m • ( S . L • ) ; 

weight = 74 grams. 

As the adults measure from 20 to 24 inches 

it is obvious that the four specimens above 

are juveniles. 

Bovichtus variegatus: Only one individual was 

found, 25/9/65, being 43 m.m. (T.L.) and 

38 m.m. (S.L.): weight = below 1 gram. 

Hippocampus abdominalis: The only specimen 

measured from snout to tail 165 m.m., with the 

weight = 13 grams. 

l"1ustelis antarcticus: Only one specimen was 

caught 17/2/66. The size was 320 m.m. (T.L.); 

315 mem. (S.L.); weight 154 grams. Since 

the adult averages 3t feet the specimen was 

obviously a juvenile, possibly born December, 

1965 0 



3.5 Discussion: 

Ana':l:ysis of the various fish popul ions, 

where sufficient numbers were available, showed 

that a few of the species, e.g., Rhombosolea 

Elebeia, Rhombosolea leporina and Aldrichetta 

forsteri had complete populations above a 

certain size structure, although the populations 

themselves were not self-maintaining, i.e., 

having a greater preponderance of juveniles 

over adults. It was thought that in all these 

species supplementation occurred in the form of 

migrations from the sea throughout the yearo 

This "vas adequately substantiated by the 

percentage compositions calculate~ for 

Rhombosolea plebeia (figures 3.1 (a) (e)/ 

where, in winter, although an increase in 

absolute numbers occurred, there was a distinct 

variation in the percentage compositions of 

the various size groups. This lead to an 

increase in total numbers from winter to 

summer with a corresponding increase in adults 

over the same period. 

In Allrichetta forsteri the concentration of 
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the year, a difference in the size composition 

of the population occurred between the two monthly 

samples. Conversely, Spheroides richei, the 

main seasonal fish species, \vas found to have a 

similarity in the population structure from spring 

to autumn. These results strongly suggest that 

seasonal migrations between the estuary and the 

open sea were a major factor in thenmaintenance 

of the estuarine fish population. The analysis 

tests, t-tests and Duncan's range tests above, on 

the respective fish species, further indicated 

that for some species, e.g., Arripis trutta, 

flliombosolea plebeia, and Aldrichetta forsteri, 

monthly migrations also occurred within the 

seasons. This prevalence of migration leads 

to the conclusion that the estuary was being 

used principally as, either a nursery area for 

young fish until they attain adult sizes, or, 

as a feeding area for both juveniles and adults. 

One or two of the permanent species appearedc: 

to have population migrations as a minor 

occurrence in their monthly and seasonal 

existence, e.g o , Tripterygion nigripenne. It 

is uncertain whether the small increases in the 
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mean length that occurred in these species were 

due to migration, or to individuals moving away 

from the rocky shoreline where they could be more 

easily netted. 

As was mentioned above Pseudolabrus celidotus 

bad a similarity of size structure for most of the 

year, although it was uncertain whether this came 

about through movement between the estuary and the 

sea, or not. Thus, it is not known if the 

Pseudolabrus population is a self-maintaining 

one, or depended on random inward migration to 

sustain the size structure of the population 

evenly throughout most of the year. 

The importance of the calculated regr~ssions, 

with their accompanying exponential formulae, 

have been stated in 3.3 above. Briefly, these 

are as follows: (a) The value b may be used to 

locate, any deviation from isometric growth. 

(b) The regression b may be used to estimate 

whether the measurements (y) and (x) had perfect 

correlation or not. (c) The b coefficients 

gave an approximation as to whether the calculated 

b differed significantly from 3, and when analysed 

with the respective S.E. 's of b, gave an indication 
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as to the accuracy of the original sample 

measurements. (d) Since weight is a function 

of length cubed, the regression relationship 

may be used to predict weight from length for 

the respective species population, \vhile the 

exponential formulae may be used as an alternative 

to the log transformations of both variables. 

Further, the regression values have additional 

values based on the fact that the regression 

results are constant for a given population 

(Huxley and Teissier, 1945; tihi te and Gould, 

1965). Thus, any deviation from the regression 

values would indicate, either a change within the 

population, or the presence of a different 

population (Matsuda, 1961). The "analyses may 

also be used as a yardstick when, either comparing 

various population for differences in size 

structure or weight deviations, or, when trying 

to separate populations which may live in the 

same environment. 

A study of growth by the mean instantaneous 

growth rate method shows the relationship that 

occurs between two measurements, y and x, and 

whether one deviates in growth rate compared to 
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the other. In this investigation the menn 

instantaneous growth rate was used to analyse 

the relationships of length and weight in five 

fish species (see 3.4 above). The following 

general points were found: ta) In all species 

log length and length equivalents (Le) were 

found to decrease with age. (b) The amount of 

decrease that occurred varied with each species, 

e. g., in ~{homboso1ea plebeia the decrease in log 

length and L were identical, whereas in i'.rripis e -

trutta the L started increasing after the first e 

year while the log length decreased. (c) In 

species where a 4iscrepancy occurred between log 

length and L it was noticed that the regression b e 

values for the respective species differed significantly 

from b = 3. Thus, it was concluded that the results 

of the mean instantaneous growth rate gave a partial 

explanation for the valuesof the regression b, i.e., 

if the calculated b value equaled 3 then log length 

and Le were graphed as parallel lines, while if the 

calculated b differed from 3 then log length and 

L were not plotted as parallel lines on at least e 

part of the graph. l"urther, these growth rates 

may be used in helping to separ::te the effects 
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of specific gravity and changing body form. 

'I'he regression and allometric analysis of 
~ 

caudal fin length on standard length, for the 

four species concerned, showed definitely that a 

relationship occurred between the growth of the 

caudal fin and .the type of habitat occupied. 

From the evidence in 3.3 above it is strongly 

suggested that caudal fin growth is faster in 
, 

fish occupying open water, than in species 

living on the bottom substratum or amongst the 

rocks and seaweeds. This is obviously of 

importance in the survival of the various species 

and for the individuals concerned. Thus, 

since fish in open water tend to migrate in 

shoals having a limited size range,. a specimen 

having a lower C.L./S.L. growth ratio than 

the majority oL specimens in the shoal 

population, will tend to be eliminated sooner 

than its faster compatriots. 
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SECTION 4 

FOOD TYPES AND FEEDING 

4Q1 Introduction 

Owing to unrestricted mobility, a large 

number of the estuarine fish species fed in a 

wide variety of,'habi tats. For this reason, 

the following account on feeding has been treated 

under species headings, thus eliminating any 

confusion that may have occurred when different 

species criss-crossed habitats in search of 

food. The pie-diagrams were used in this 

section to show the total food consumption, 

as a percentage, for each food type throughout 

the year. Since individual fish, may Qave 

eaten more than one food type, the "total 

percentage usually ranged from 115-125%. 

The final percentages were arrived at by 

subtracting the total numbers of fish 

without food contents from the total numbers 

of fish caught, then scaling down the total 

percentage to equal 100%. 

On the food tables, the figures at the 

bottom row represent the numbers of individuals 
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that had no stomach or gut contents, while the 

figures beside each food type represent the 

number of individuals containing that particular 

foodo 

4.2 Species Account 

4.2.1 Permanent Species 

Rhombosolea Plebeia: As a bottom feeder, 

Rhombosolea plebeia may be a detritus feeder, 

mudfeeder, omnivore, carnivore, or herbivore, 

depending on the food available. Below is 

a food list for Rhombosolea plebeia: 

Algae: filamentous Vlothrix, Enteromorpha, VIva. 

Polychaetes: Nicon, Eumenia, Glycera americana. 

Crabs: Helice crassa, Hombronia depressa, 

Hemigrapsus sexdentatus, Petrolithes elongatus. 

Amphipod~.: Calliopiidae, Gammaridae, Oedicerotidaeo 

Mollusca: Chione stutchburyi (young forms), 

Amphidesma australe (juvenile), ]vlaco~ spp., 

Amphibola crenata, Zediloma corrosa, Notoacmea" 

Anemones: remains only (Anthopleura?). 

l"lud. 

Detritus. 

Young crabs: "r.-Iegalopa" larvae. 
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TABLE 4 0 1: FOOD PHEF'EHENCE (RHOMBOSOLEA PLEBEIA) 

1965 1966 
Month Month 

June July August October Dec. J 

13 1 I 1 2 1 28 15 1 

27 I 21 I 48 113 100 188 I 23 3 I 25 

51 I 15 I 11 I 9 

I 

118 12 I 4 11 l 18 

31 I 19 I 49 72 17 80 1 17 4 I 
45 12 56 8 I ' 17 17 2 7 2 

2 4 - 2 23 9 I - - 1 

92 113 162 114 146 5 30 j 6 

110 60 96 31 56 149 3 16 16 

I 
I 

,g 4 

77 I 56 I 215 15 38 53 I ~25 19 



In a large number of cases various food 

remains were found in the stomach and intestines, 

either being consumed in the decomposed state, 

or digested beyond recognition. These included 

remains of mollusca, crustaceans, polychaetes 

and anemones. Table 4.1 gives the totals of the 

major foods eaten per month. The term "detritus" 

used in the table and throughout the thesis, 

has been taken to mean any organic matter that. 

could not be identified as belonging to any 

animal or plant group. 

An analysis of table 4.1 shows the following 

points: 

(i) The algae and anemones played a very 

minor, but fairly consistent role in th~ 

feeding of Rhombosolea plebeia, i.e. they 

occurred in the diet for most of the year. 

This suggests that these two food types were 

consumed only when Rhombosolea plebeia was 

feeding indiscriminately along the substratum. 

(ii) The main foods regularly consumed 

each month were pWychaetes, amphipods, mud 

and detritus, proving that Rhombosolea plebeia 
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FI G.4.1 TOTAL FOOD INTAKE/YEAR as a %'agG: 
U!:PLEBEIA) 

.3% MEGALOPA LARVAE 

32.4 0J0 

18.3% 

2.90J0ALGAE 

(and remains) 

6.5 010 MOLLUSCA 

(and remains) 



can adapt it's feeding habits to the type of food 

available. Howevee, it is uncertain whether 

this apparent food preference was the result of 

deliberate selection or purely scavenging 

feeding by chance. 

(iii) Very little seasonal variation occurred 

in the feeding habits of Rhombosolea plebeia 

except during January-February when the Megalopa 

larva made their appearance. These larva were 

thought to be those of Helice crassa, and were 

only available in the latter part of the summer 

months. Results for March-April (1966) are 

not available owing to lack of sufficient data., 

(iv) From the emphasis placed on crabs, 

mu~polychaetes, and detritus, it 'is obvious 

that Rhombosolea plebeia is a bottom feeder. 

Why, therefore, there should be an apparent 

seasonal fluctuation in the utilization of the 

crabs as food is uncertain, although the 

increase in summer in the selection of polychaetes 

and mud scavenging may account for this variation. 

Fig. 4.1 illustrates the percentage intake 

per year of the major types of food, gr~phically 

shO\ving the importance of mud and detritus as 

1510 



food preferences. 

It was noticed that, owing to the polluted 

nature of the Heathcote river, certain food 

types. e.g •• amphipods and mollusca (Notoacmea, 

Macomona, Amphidesma) were found only in specimens 

caught in Monck's Bay or the Avon channel o 

Very little size difference occurred in the 

selection of food, i.e., all age groups appeared 

to consume similar food species. HoweveE, a 

slight preference was noticed concerning the 

selection of crabs. The young Rhombosolea 

Elebeia (below 150 m.mo) tended to utilize the 

smaller crabs (car~pace size below 8 m.m.), while 

the adult Rhombosolea Elebeia (above 150 m.m.) 

utilized predominantly, the larger crabs. This 

selection was noticed particularly with Helice 

and Hombronia. 

Rhombosolea leEoriria: Rhombosolea leEorin~ 

was a bottom feeder, similar to Rhombosolea 

"2lebeia. In this capacity it may be a 

scavenger, detritus feeder, or a carnivore. 

Below is a list of the principal food gro~ps: 
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TABLE: 4 .. 2: FOOD PREFEHENCE (RHmmOSOLEA LEPORINA) 

1965 1966 I 
Nonth Month 

Food May June August • October Nov. Dec. Jan. Feb .. 

Algal laments 2 - 1 - - - - - - -

Crabs ( remains) 23 9 5 3 2 1 5 -. ~ -

l'1o 1 ca (and remains) 4 2. 6 11 10 9 1 8 2 -

Polychaetes (and 
remains) 5 8 2 2 10 5 30 6 2 -

Anemones (and ) 2 1 - 1 1 - - - - -

Mud 4 7 12 5 6 1 2 - 2 -

Detritus 2 5 2 2 3 - - - - I -

Amphipods (and remains) 1 1 1 - 8 I - 5 1 - -

1 NO FOOD 9 23 
I 

19 I 8 23 3 
I 

...,. 3 
I 



Algae: filamentous Ulothrix. 

Crabs: Helice crassa, Hemigrapsus sexdentatus, 

Hombronia depressa. 

Mollusca: juvenile Chione stutchburyi, Amphidesma 

australe, Amphibola crenata. 

Amphipods: remains only. 

Polychaetes: E~menia?, Pisione?, Glycera americana, 

Nicon aestuariensis. 

Isopods: Zenobiana tubicola (Idoteidae), 

Metacirolana japonica (Eurydicidae)o 

Anemones: remains only., 

Mud and Detritus. 

Shrimps: remains only. 

Various unidentified foods were found, e.g. 

Crustacean remains, UnknO\Vll filamentous algae, 

shell fragments, and polychaetes remains. 

Table 4.2 illustrates the incidence of the 

food types per month. 

The following trend; occur: 

(i) Mud and detritus played a less 

significant part in .Rhombosolea lep-prina' s 

diet than they did \dth Hhombosolea plebeiao 

However, when combined, they were still important, 

and indicated that Rhombosolea leporina was a 

bottom feeder. 
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FIG.4.2 TOTAL FOOD INTAKE/YEAR as a %'age: 
(R.LEPORINA) 

ANEMONE 

1.1 0/", A L GAL F I LAM E N T S 

5.6% DETRITUS 

(and remains) 

2 8 % 

AMP H I PODS( an d rema ins) 

19.6 % 

MOLL U SeA 

21.1 "'/0 



(ii) The algae occur very rarely in the 

food table. What algal remains were consumed 

appeared to be accidental, as part of the mud 

and detritus. 

(iii) A seasonal variation in food 

preference does seem to occur. During winter 

a predominance of crabs over-rides all other 

food species, while in spring and early summer, 

polychaetes, amphipods and mollusca replace 

the crabs in importance. Although varying 

considerably in importance, all food species 

were consumed steadily throughout the year. 

(iv) Anemones and amphipods appeared 

to play only a secondary dietary role. 

Other- species consumed by Hhombosolea 

leporina were shrimps (spring), hydrozoans (winter) 

and isopods (winter). 

Fig. 4.2 illustrates the food intake in 

percentages of the principal food species 

utilizted. It must be noted that amphipods 

were not found in individuals caught in the 

Heathcote channel. 

The only obvious size difference observeD 

in Rhombosolea leporina, in the selection of 



food, was that concerning the intake;of mud. 

This food was consumed mainly by the individuals 

below 200-210 m.m. while the adults above this 

limit tended to concentrate on the invertebrates Q 

A small difference also occurred in the intake 

of crabs. The young Rhombosolea leporina 

tended to select the smaller sized crabs, while 

the adults, above 220-230 m.m. utilized the 

larger crabs. This selection occurred most 

notoiceably in Helice and Hombronia. 

Peltorhamphus novaezeelandiae: Below is a 

list of the food types found in the "English 

Sole". 

Crabs: Hombronia depre~, Petrolithes 

elongatus, Hemigrapsus sexdentatus. 

Mollusca: Amphidesma australe, Chione stutchburyi. 

Anemones: remains onlyo 

Polyehaetes: Glycera americana, Lumbrinereis 

sphaerocephala. 

Mud. 

Detrituso 

A number of the stomach and gut contents 
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TABLE 4.3 FOOD PREFEHENCES (PELTORHAI'1PHUS NOVAEZEELANDlAE) 

1965 1966 
MOiith Moiith 

June I July August Sept. October Nov. c. Jan. Feb. 

1 I - - - 11 1 17 - 16 

I 
4 1 2 - - - 1 

, 4 - - - 3 
C,;,:" ......•... 

I'61y~iiaetes f remairi$) 1 _ 1 2 18 I :3 I 18 I I 
' '." • . ••...... <.: .:. .' 

.•.•. ••.. ····.··c' , 

2 6. 1 10 - I 4 

4 - 13 2 6 - - - 4 

9 2 - 1 - - - - 8 

6 3 4 - 12 1 13 I - I 4 



were unidentifiable at the generic level and 

so could only be classed into the various animal 

groups, e.g., crustacean and polychaete remains 

and shell fragments. Two small isopods were 

found in the stomach of one specimen (9/8/65), 

both befug;members of the Idoteidae. 

Table 4.3 shows the food consumPtion per 

month for Peltorhamphuso 

A number of points arise from the table: 

(i) During winter the main food appears 

to be mud, detritus, mollusca and anemones 

while in spring and summer a definite change 

occurs, with polychaetes, amphipods and crabs 

making up approximately 90% of the diet. ;why 

this seasonal variation should occur is not 

certain but is due probably to the unavailability 

of certain food types,e.g., amphipods o 

(ii) It is surprising that polychaetes 

and crabs were not utili~ed more often in 

winter since they were present in large 

nu~bers. A partial answer may lie in the 

size of the food available, the: summer being 

the breeding season for polychaetes and 

crabs. 
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FIG.4.3 rOTA L FOOD U'iTAKEI VE.AR d:S a 0:10' agg: 
(P. NOVAEZEEl,A NDIAE) 

AMPHIPODS 
(a n d 

DETRITUS 

(and r<ii!mains) 

MUD 
40.6 0/0 

r<ii!mains} 

22.5% 

f<ii!mains) 



(iii) In comparison with Rhombosolea 

leQorina and Rhombosolea Qlebeia, two factors 

stand out:(a) The lack of algae or their 

remains was very noticeable in PeltorhamQhus. 

Since Nonck's Bay contained an abundance of 

algae at all seasons, it appears as if the 

algae were deliberately avoided. Even the mud 

and detritus, which at times packed the stomach 

and intestines of some individuals, lacked all 

trace of algal remains. (b) Peltorhamphus 

novaezeelandiae does not appear to have the 

same indiscriminate bottom feeding habits as 

did the other two related ~pecies. The 

seasonal variations and the fact that a few 

of the food species lived above the substratum, 

or on rocky slopes, attests to this. 

Figure 4.3 gives the food percentages for 

the various food types illustrating the 

importance of polychaetes, crabs and amphipods 

in the diet of Peltorham~~. 

Aldrichetta forsteri: Aldrichetta forsteri 

is principally a scavenger and herbivore. 

The food list below illustrates the diversity 
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TABLE 4.4: FOOD TABLE OR F'ORSTERI ( ) 

'. ...•..•...... 19 65, , I . '.' . ". . . 1'101 

Fbod ,;Apr~lIMaY i JIDle -

rth 

_. 

. Alga~;~ 

'C:rabs"(:~A r:~ijlains )rc . ,*, .. ~'::;;<. ',~ , , l,~ .. 
polycll'tiietes .. , 

. (~~:c;t~'ln~ins) 

11~1 
~ 

- I 
1:-.1 

, c," , 

4 

" ,·4 

2 

J 19 

f': 

,2 

.< 

,. 

14 I 

41 

-I 

11 

8 

2 

3 

11 

July August Sept. 

7 3 5 15 

2 1 7 

1 1. 7 

1 1 4 

1 2 4 14 

53 82 51 111 

11 9 4 27 

28 37 22 14 

52 77 38 50 

October Nov. Dec. 

67 73 12 

2 1 1 

4 5 

4 4 2 

3 2 

55 30 

125 113 51 

17 43 16 

14 19 12 

56 98 25 

Jan. . 
19 5 

2 

1 1 
, 

2 1 

6 

8 '3 

8 

1 5 

16 9 



of Aldrichetta's feeding habits: 

Algae: Ylva, Enteromorpha, filamentous green algae. 

Crabs: Helice, Hemigrapsus, Hombronia. 

Polychaetes: Nicon, Lumbrinereis and probably 

remains of other specieso 

Mollusca: Notoacmea Earviconoidea, Amphibola 

(juveniles), Chione, Amphidesma. 

Fish remains: Galaxias attenuatus, young 

Anguilla australis. 

Hydrozoans. 

Mud: 3 types - grey, black, greeno 

Detrituso 

Starch grains. 

Aldrichetta forsteri may also be carnivonous 

on small fish, Daphnia, mollusca and amphipods. 

Table 4.4 illustrates the seasonal and;monthly 

feeding preferences of Aldrichetta forsteri. 

The following points emerge: 

(i) The only truly seasonal variation 

occurred with the appearance of the Cladocera in 

front of the sewage ponds .. 

(ii) The utilization of the starch grains 

appeared to be partially seasonal, being used 

mainly as a winter food standby. Aldrichetta 
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farster! is unique in the utilization of the 

starch grains owing to the fact that it is 

virtually the only scavenger in the area. 

(iii) Mud and detritus playa very 

important role in the feeding of Aldrichetta. 

The detritus was composed of unidentifiable 

vegetation matter, while too :mud was found 

to be of three types: (a) Grey mud from 

the lower river channels, containing shell 

~ragments, decaying vegetation, protozoal 

nematodes (free living); diatoms, algal remains 

(mostly Ulva and Enteromorpha); (b) Green 

mud from in front of the sewage ponds, con~ining 

microscopic green algae (Scenedesmus, V0lvox, 

Pandorina, Ulothrix), nematodes, microscopic 

flatworms, and protozoa; (c) Black mud from 

the upper Heathcote channel, containing 

decaying vegetation and by-products from 

factory wastes and the starch factory. 

(iv) Aldrichetta was found to be 

capable of reverting to a herbivorous feeding 

habit. A large number of specimens were 

found to have stomach and intestines packed 

with Ulva, ~nteromprpha and small quantities 

of Gracilari~ and Porphyra. 
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(v) Other foods included crabs, polychaetes, 

mollusca and hydrozoans. On the 26/9/65 one 

specimen w(;ls caught at Otter Trawl Station 4D 

with its intestines crammed with eggs of an 

unknown species. 

During September two mullet were c~ught with 

juvenile Anguilla australis in their stomachs, 

while in October 1 specimen contained 2 whitebait 

remains. Hydrozoans were consumed on occasions; 

twice in August, 12 times in October and twice 

in NovemberQ 

Fig. 4.4, illustrating the percentages of 

each food type eaten from l'1ay, 1965, to February, 

1966, shows conclusively that mud, detritus, 

starch grains and algae were Aldrichetta 

forsteri's main source of food. 

'rhe juvenile Aldrichetta forsteri showed 

a diversity of diet similar to that of the 

adult, with perhaps a greater emphasis on 

crustacea. Belmv is a list of food compiled 

from 314 juveniles: 

a. Algal remains (Ulva, Enteromorpha, 

crustose algae, unIcellular 
" 

fresh water algae). 
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b. Nuda 

Co Detritus. 

d. Shell fragments. 

e. Polychaete remains 

f. Aruphipod remains. 

go Mysids. 

h, Eggs (unknown species) 

L, Ostracods. 

j. Copepods. 

k. Larval remains (insects) 

1. Fish remains. 

A study of this list shows the following 

points: 

(i) Although the juveniles consume certain 

foods similar to the adults, there is a definite 

preference for certain crustaceans, eog.,amphipods, 

ostracods, copeppds o No crab remains were found. 

(ii) All the food eaten was of a small 

size, making it appear as if the juveniles fed 

off the bottom substratum, or extracted the food 

from the surrounding water. 

(iii) A large part of the diet was of fresh 

water origin, being swept by currents into the 

estuary, e.g., mysids, copepods, insect larvae. 
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It is uncertain when the juveniles change 

to the adult food diet, although it is probably 

related to the gradual shifting from the shallow 

to the deeper waters, with the increase in size. 

For example: copepods and unicellular algae 

were found in mullet up to 130 m.m., but not 

in sizes from 160 m.m. and above. 

Arrip~s trutta: Arripis trutta is a predator. 

Below is a food list compiled from 215 specimens. 

Fish remains: juvenile Aldrichetta forsteri, 

whitebait. 

Isopods: only found once, in the stomach. 

Crabs and crustacean remains: Hombronia, 

Hemigrapsus 

Polychaete remains. 

Mollusca~ Zediloma corrosa. 

Shrimp remains. 

Alg~l remains and Euphausid remains. 

Fig. 4.5 illustrates the percentage of 

the total food types eaten throughout the 

research period. 

Polychaete remains were found in five 

specimens only in October, 1965, while shrimp 

remains, algal fronds, molluscan remains, 
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isopod remains, and euphausid remains were all 

found in one specimen each, respectively. 

Specimens with no food contents numbered 142. 

As all of the beach seine samples were 

collected at low tide, the large number of 

individuals that had no food contents indicates 

that the kahawai tends to feed ma~nly at high 

tide or during the night. Whether there is 

a similar feeding rhythm in the open sea is 

not knoWllo 

Pseudolabrus celidotus: A list of the major 

foods found in Pseudolabrus celidotus are as 

follows: 

Mollusca,{Mytilus planulatus, Amphidesma 

australe). 

Crab remains: (Hemigrapsus crenulatus, 

Petroli thes elongatus). 

Amphipod remains. 

Polychaete remains: (Glycera americana?), 

Algal remains were found in only one specimen 

during September, while two individuals contained 

isopods and one had hydrozoans. During summer 

crabs and mollusca accounted for 90% of the diet 

of Pseudolabrus celidotus, amphipods for 1.8% 
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polychaetes for 2.8%, while fish remains for 

4.7% 

The juveniles were found to haveslightly 

different food preferences with emphasis on 

algae, polychaetes and amphipods. There 

were no crabs or molluscan remains found. 

It appears, therefore, that Pseudolabrus 

celidotus adapts its feeding habits to its 

size,i.e./with increased size there is a 

corresponding selection for larger 

invertebrates and less for algae. 

Physiculus bacchus: Physiculus bacchus 

is a predator feeding on invertebrates or 

fish. Below is a food list for the red 

cod: 

Fish: Aldrichetta forsteri, Tripterygian 

nigripenne, Trachelochismus pinnulatus. 

Crustacea: Hombronia, Hemigrapsus. 

Fish and fish remains comprised 65% 

of the food intake, while crabs comprised 

It was noticed that a slight seasonal 

preference occurred as to the fish species 

consumed, e.g., Aldrichetta forsteri appeared 
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to be used as a winter food, while Tripterygian 

nigripenne and Trachelochismus pinnulatus 

comprised the majority of the;;s:ummer food. 

Whether this indicates, indirectly, a variation. 

in the seasonal abundance of these fish species, 

is uncertain. Crabs were .only found during 

summer, but this apparent seasonal preference 

was most likely caused by the insufficient 

numbers of red cod caught during'.winter. 

Trachelochismus pinnulatus: Of the 6 specimens 

dissected., 4 'vere without stomach or gut 

contents, 1 had amphipods remains, while the 

6th specimen hadJintestine contents of DIva, 

detritus, and amphipod remains. The selection 

fits in well with the slow mobility of 

Trachelochismus pinnulatus, indicating a 

bottom feeding habit. 

Tripter~gian nigripenne: The food types found 

in Tripter~giDn, plus their percentage occurrence, 

are as follows: 

Algae (9£1/0): Enteromorpha, unidentified 

filamentous green algae. 
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Mollusca (11.3%): shell fragments, Notoacme~, 

Mxtilus, juvenile Melagraphia. 

Amphipods (40%): remains onlYQ 

Crabs (1509%): young Hemigrapsus, crab remains. 

Polychaetes (9%): remains onlyo 

Detritus (13,,6%): mud, inorganic matter, 

decaying vegetation. 

Fish remains, hydrozoans, and shrimp 

remains, were each found in one specimen, 

respectively_ 

No monthly or size differences were 

observed in the utilisation of food, although 

it was noticed that the three specimens caught 

along the Dyers Road shoreline all had a 

predominance of amphipods in the gut and 

stomach. 

Acanthoclinus quadridactxlus: Of the 4 

specimens caught, three had no food contents, 

while the fourth, on 7/12/65, had remains 

of Hemigrapsus spp. in the intestine. 

Gobiomorphus basalis: Of the 143 common 

bullies dissected, 85 had no gut or stomach 
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contents. The other 58 specimens had the 

following: 

2 specimens had polychaete remains. 

1 specimen had molluscan remains. 

2 specimens had fish remains. 

4 specimens had mysid remains. 

6 specimens had young crab remains. 

44 specimens had amphipod remains. 

1 specimen had fresh water algae remains. 

Host of the amphipods consumed were by 

specimens from the Dyers Road bridge, while 

the fish, mysids and young crab remains 

were found in individuals caught at the mouth 

of the Linw·ood Avenue culvert. 

What appeared to be a,seasonal occurrence 

was the utilisation of juvenile crabs, thought 

to be young Helice. These were found in 

the intestines only in February. No size 

differences were noticed in the setection 

of food. 

4.2.2 Seasonal Species 

Gobiomorphus huttoni: Of the 2 specimens 

caught, one had amphipod remains in the gut, 
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while the other lacked food remains all together. 

Gobiomorphus gobioides: The 3 giant bullies 

all contained amphipod remains in the intestines, 

while 1 had, in addition, filamentous green algaeo 

It is interesting to note that all the specimens 

of Tripterygion nigripenne and the 3 species 

of bully found along the Dyers Road shoreline, 

contained amphipod remains. This suggests 

that amphipods \vere a principal food source in 

this region. 

Geniagnus monopterygius: Of the 6 specimens 

caught, 3 were without food remains while the 

other 3 had fish remains. One of these 

contained three young Aldrichetta forsteri 

(averaging 110 m.m. T.L.), while a second 

had two Tripterygion nigripenne. 

Leptoscopus angusticeps: Only 1 specimen 

had food contents, fish remains in the gut 

and two AIdri tta forsteri (80 m.m. T.L.) 

in the stomach. The other 3 specimens were 

without food remains. 
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TABLE 4.5: FOOD TABLE OF SPHEROIDES RICHEI 

Honth Month 
1966 1965 

January February I March April October November I DE:!cember 

3 10 - 6 I 6 4 I 29 

6 14 - 12 I 20 12 43 

1 1 - - 2 2 

1 2 2 

1 -

- 1 

1 - 2 - 1 

1 

3 

1 40 31 :3 5 38 



Spheroides richei: Spheroides is predominantly 

a carnivore. This may be illustrated by 

referring to the food list below: 

~1ollusca: Zediloma, Mytilus, Amphidesma, 

Notoacmea. 

Crabs: Hemigrapsus, Hombronia, Helice, 

Petrolithes. 

Polychaete remains. 

Anemones remains. 

Detritus 

Isopods 

) 
) 
) 
) consumed infrequently 

Algae: VIva 

Shrimp remains 

Amphipod remains 

) 
) 
) 
) 
) 

Table 4.5 gives the monthly food preferences 

for Spheroides richei. The following points 

emerge ._ 

(i) Spheroides richei appeared to have 

three main types of food in the estuary; 

mollusca, crabs and polychaetes, with a 

preference for the crabs. 

(ii) Amphipod, anemone, isopod, shrimp 

and alga~ remains play a very minor role in 

Spheroides' Jfeeding habits. This was 
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surprising considering, (a) that Spheroides 

richei's diet was almost entirely composed of 

invertebrata, (b) all the food species 

mentioned above were in plentiful supply in 

Monck's Bay during the summer months Q 

(iii) The major foods found in Spheroides 

richei reflected the types of habitat in 

which this species was found: (a) the rocky 

shoreline of Monck's Bay, containing 

LaminariC!, Sargassurn, Porphyra and VIva, 

along with Mytilus beds, polychaetes, 

crustacea and anemones (in the crevices). 

(b) The more open river channels wtth a 

sandy substratum, having ~elice, polychaetes, 

Notoacmea and Amphidesma as the predominant 

invertebrata. Hytilus, VIva, Hemigrapsus 

were present in lesser numbers. 

Fig. 4.6 gives the percentage of food 
c· 

consumed for Spheroides between October to 

February (1965/1966). There were no size 

differences noted in the selection of f •• d. 

Salmo trutta: Two types of food were found 

in Salmo trutta: 
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Fish: young Aldrichetta forsteri, young 

flounders (Rhombosoleaplebei~ and 

Hhombcos;olea leporina)" 

Crustacea: Isopods Metacirolana jap!lmica and 

Zenobiana spps. (Idoteidae)" 

Amphipods - identification virtually 

impossible but Gammarus may have been present. 

The selection of food showed a slight 

locality variation: (A) in Monck's Bay fish, 

isopods, and a few amphipods mainly; (B) in 

the Avon channel, mid-estuary, fish predominated 

with a few amphipods; (C) below the Dyers Road 

bridge the food consisted principally of 

amphipods, although fish remains were occasionally 

found in the intestines. 

Anguilla au~tralis: This species was a 

carnivore, as is illustrated in the food list 

below: 

ADULTS: 

Crabs: Hemigrapsus, Hombronia, Helice, Petrolithes. 

Mollusca: Potomoprygus, Amphidesma, Lepsiella 

scobina albomarginata (det. I. ~1annering 1966). 

Ascidians: remains of tunicates. 

Fish: red finned bully (Gobiomorphus huttoni). 
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JUVE':NILES : 

Crustacea: young crabs (Helice), Mysids, 

amphipods. 

Algae: filamentous and crustose algae. 

Polychaetes: remains only (could be members 

of Pisionidae). 

Only one stomach content was found 

containing fish remains (15/2/66), while on the 

24/11/65 three partly digested ascidians were 

found in the gut of 1 specimen caught at 

Shagrock, Crabs and mollusca comprised the 

bulk of the food eaten: crabs 91% and 

mollusca = 8%. It is uncertain whether 

this preference for crabs was due to the 

ease with which they were caught, or whether 

the crabs had a particularly high protein 

and calorific content important for the 

proposed 3000 or so miles to the north

east coast of Australia (present tentative 

breeding aX'.ea) 0 

A size difference \vas noted in Anguilla 

australiS (see list above). - Of the 44 

juveniles caught, crabs comprised 33 .. 296 of 

the food eaten, algae 904%IPolycha~tes 

28.5%, and mysids 2805%. The food 
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differeric~ was also caused bya difference in 

habitat, the l\'fysidaceae being 'found in specimens 

from the Linwood Avenue culvert Charlestone 

Drain region, young crabs from all sampling areas, 

and algal' remains from the Dyers J~oad shoreline. 

Anguilla dieffenbachi: The only specimen lacked 

foodcont.ents. 

Galax:ias att,enuatus: The digestive tract of 

thewhitegait was seen as a silvery line along 

the ventral area of the body.. The majority of 

the, half-grown Galaxias had·no food contents. 

A few specimens, however, were found 

containing ostracods, mysids, amphipods and 

polychaete remains, the crustacea beirlg found 

in specimens from the Linwood Avenue culvert-

Charlestone Drain region, while the polychaetes 

were in specimens taken from, all localities. 

The presence of the ostracods and the' Mysidaceae 

reflected the fresh water influence on the 

habitat at the Linwood Avenue - Charlestone Drain 

region, for these crustacea are exclusively 

fresh water, being carried into the estuary by 
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swift currents. The five adults dissected 

8/4/66 contained amphipod remains in their 

intestines. 

Stokellia anisodon: The only speciman had copepod 

remains. 

~J!tridopsis ciliaris: The food found in 

Latridopsis was as follows: 

Amphipod remains. 

Hydrozoan remains. 

Crab remains: Hemigrapsus7 OvaliJ2e..§.? 

r·1t;)11uscan remains: Amphidesma? Mytilus? 

Detritus 

Of the 6 specimens dissected, "all contained 

amphipod remains, 1 had hydrozoans, 1 had crab 

remains ,. 2 had shell fragments, and 2 had detritus 

all in the intestines. Because of the advanced 

state of digestion, it was impossible to identify 

the food any further, although the crabs were 

almost certainly either Hemigrapsus or Ovalipes, 

since these two species were the only crabs in 

the open, deep water. 
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The remaining fish species had the following 

food contents: 

Reporhamphus ihi: The 1 specimen had algal 

remains only. 

Thyrsites atun: Intestines had fish remains, 

while the stomach contained two Aldrichetta 

forsteri (these had mud and filamentous green 

algae in intestines) in the one specimen. 

Trigla kumu: at the 4 individuals dissected, 

1 contained seven shrimps in the stomach, 

another had tw~.shrimps in the stomach and 

shrimp remains in the gut, the third had two 

Bemigrapsus in the stomach,W.,~ie the fourth 

contained thirteen whitebait in the stomach Q 

It was obvious that Trigla was a carnivore 

on bottom dwelling organisms. 

Bovichtus variegatus: The 1 specimen had 

amphipod remains, plus algae (DIva, and 

Porphyra). 

Hippocampus abdominalis: No food was found in 

the one specimen caught. 

Nustelus antarcticus: Food consisted of crab 

remains in the intestines and six lIemigrapsus 

in the stomach. 
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403 Discussion: 

In considering the feeding habits of the 

various fish species, the main feature of 

particular significance, was not the seasonal 

occurrence of the various food faunal species, 

but the seasonal influx of fish species in search 

of food. Admittedly, a number of important 

food changes did occur. (1) rrheoccurrence of 

Daphnia spps., being carried into the estuary from 

the sewage ponds during summer, markedly affected 

the feeding, distribution and movements, of the 

adult Aldrichetta forsteri. There is an 

approximate 10 fold increase in this area during 

the summer, to a large extent caused by this 

cladoceran appearance. (2) The amphipods, 

found in the Avon channel and Monck's Bay, 

although present throughout the year, appeared 

to increase during the summer months. Evidence 

of this was observed when greater numbers of 

IThombosolea plebeia, Aldr±chet'ta forsteri, and 

Hhombosolea leporina \vere found in November, 

containing amphipod remains. }l'urther, it is 

significant that a number of the seasonal fish 

species also utiliaed the amphipods as food. 
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(3) Algae, especially Ulv~ and Enteromorpha, 

start increasing in quantity in mid-October, 

and spreading ~hrough the central estuary. 

However, it is remarkable that fish utilization 

of this food source did not increase noticeably 

with the change in seasons. (4) The last 

major variation in food types occurred with the 

brief appearance of juvenile crabs in January

February. The species involved were thought to 

be Helice, Hombronia and, perhaps, Hemigrapsus. 

l'he seasonal influx in fishi3pecies, from 

a feeding point of view, was the most striking 

occurrence that took place in the estuary. Of 

the 17 species involved, 10 ente~4purely for 

feeding. As their total numbers seemUd ~ery 

large (sampling techniques were inadequate to 

give a rough approximation of their numbers), 

these seasonal species, concentrated in the 

Monck's Bay area, must have taken a big toll 

of the invertebrate population.. l'hus, 

Spheroides richei, Mustelus antarcticus, 

Trigla kumu, Reporhamphus ihi and Latridopsis 

ciliaris were all found feeding on either 

mollusca, crustacea, algae or hydrozoans. A 

few of the species fed on other fish Ie" g Q ( 
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Thyrsites atun, Salmo trutta, Geniagn~ 

monopterygius and keptoscopus angusticeps. 

The various habitats (see Section 1,pp.17-32) 

played a very important part in the feeding 

behaviour of the fish species, as each habitat 

had either a pecuJi;lt:'JI' food selection combination, 

e.go, Mytilus b"eds of Honck's Bay shoreline, 

starch grains near the Heathcote Bridge, or the 

habitats themselves were strategically placed. 

Thus, they may have been the deepest mudflat 

areas at high tide, e.g., in front of the sewage 

ponds; may have been used as passage ways to 

other parts of the estuary,e.g., river channels 

and mudflat streams; were the only deep 

areas at lowtidere.g., f.'lonck's Bay; or they 

may have been feeding areas that were only 

reached at high tide, e.g., Linwood Avenue culvert -

CharIest one Drain region. In each of these 

habitats existed conditions which supported a 

unique combination of flora and fauna, plus 

their fish species. 

Intraspecies competition appeared to be 

of minor importance in the estuaryo In the 

Pleuronectidae, there befell a striking 

178. 



difference in the relative "toughness II betw'een 

the species. Rhombosolea Elebeia, by far the 

hardiest of the 3 species, survived in areas 

uninhabitable to Rhombosolealeporina and 

PeltorhamEhus novaezeelandiae,e.gol in the 

upper reaches of the Heathcote channel. 

Peltorhamphus novaezeelandiae, the most 

susceptable of the 3 species to abnormal 

conditions, lived solely in the deep, 

relati vely uncontamimated sea water of ]\Ionck! s 

Bay. This restriction in habitat has meant 

a variation in diet and feeding habit, 

Rhombosolea plebeia being cosmopolitan in 

choice, consuming most foods available, and 

when food became too scarce, falling back on 

detritus and mud. Hhombosolea leporina, 

although having a wide food range, showed 

signs of being more of a scavenger or 

carni vore. JViud, detritus, and algae 

played a minor role in Hhombosolea l~orina's 

diet. Pel torhamphus novaezeelandiae vms 

found to be essentially a carnivore on 

polychaetes, mollusca, crabs, umphipods and 

anemones¢ What mud or detritus that was 
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eaten seemed to be accidental. 

Ascertaining competition between Geniagnus 

m~nopterygius and Leptoscopus angusticeps, was 

made difficult by lack of data. They both 

occupied similar habitats on the bottom substratum 

and both preyed on other fish, e.g., Aldrichett! 

forsteri. Nevertheless, Geniagnus had a 

greater tolerance for estuarine conditions, 

being found in the central estuary, while 

Leptoscopus remained exclusively in Monck's 

Bay. 

Members of the Eleotridae were thought 

to have competition between the species, 

in that hp Gobiomorphus basalis was by far 

the most abundant species. However, whether 

this was due to the common bully being better 

adapted to the conditions, or whether the 

other two species were only visitors to the 

area, is ~mcertain, although one specimen 

of Gobiomorphus huttoni (female) possessed 

mature gonads (refer Section 5/P.216 )" 

On a brief analysis of the biota, 

the nutrient value of the various mud types 
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\vas found to be reasonably high (see description 

above on Aldrichetta forsteri), which may explain 

the persistence with which Rhombosolea plebeia, 

Aldrichetta forsteri and to a limited extent, 

Rhombosolea leporina, constantly sought after 

this substance. Doubtless, since two rivers 

plus outlets from the sewage ponds, emptied into 

the estuary, the mud would also contain a high 

percent of soluble inorganic and organic 

nutrients Ie. g., NH4 , H2S, amino - acids, and 

sulphates. During the \'vinter months, the mud 

was used as a nutrient standby in case of food 

shortage / e. g.f numbers of flounder, as well as 

~4.ldrichetta forsteri, were found \vi th stomachs 

and intestines stretched to capacity with mud. 

The utiliZation of starch grains as food, was 

also a surprising feature, being consumed in 

enormous quantities by Aldrichetta forsteri 

during winter, although not so much in summer. 

The starch grains, containing (06"1005)n' 

formed a white to brownish - white scum on 

the mud surface at the upper reaches of the 

Heathcote channel. 

The following basic food chain has been 

constructed from the data: 
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, 

Mud 
Detritus 
Starch grains 
(Ald,richetta forsteri 
onIY) 

1" 
copepods, mysids, 
freshwater algae, 
amphipods, 
polychaetes, 
ostracods, insect 

. larvae 

l' 
whitebait, smelt, 
Anguilla australis 
(elvers), common 
bully, 
Aldrichetta forsteri 
(juveniles). , 

Adult Aldrichetta 
forsteri 

Algae, crustaceans, mollusca, 
polychaetes, anemones: and 
in certain cases, hydrozoans, 
ascidians. 

i 
Hhombosolea Elebeia, 
Rhombosolea leEorina, 
Aldrichetta forsteri, 
Trachelochismus 

,Einnulatus, 
Peltorham12hus 
novaezeelandiae, 

Tri12ter;ygion 
nigri,Eenne 

~ 

Th;y.r;sites atun, 
Genlagnus 

monopter:rgius 
Salmo tru ta, 
Leptoscopus 
angusticeps, 

Ph;ysiculus bacchus 

Spheroides richei 
Arripis trutta 

I 

Anguilla australis 
Acanthoclinus quadridact;ylus 
Latridopsis ciliaris 
TIeporham12hus ihi 
Trigla kumu 

A series of more detailed food chains may be 

seen as appendix tables 5 (a) - 5 (d)o 
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SECTION 5 

SEX STATE AND GONAD r1ATUrUTY 

5.1 Introduction: 

Surprising as may seem, the estuary was 

utiliZed by only a few fish species for the purpose 

of breeding. Those definitely known, from the 

incidence of mature gonads, to breed in the estuary, 

were Rhombosolea plebeia, Rhombosolea leporina, 

ALdrichetta forsteri, Pseudolabrus celidotus, 

Gobiomorphus basalis, Spheroides richei, and 

IDv~pterygion nigriEenne. Other species, such as 

Peltorhamphus novaezeelandiae, Trachelochismus 

pinnulatus, Gobiomorphus huttoni, and Acanthoclinus 

guadridactylus, may breed in the estuary~ but this 

is uncertain since only one or two specimens in 

each species were found with mature or nearly 

mature gonads. The dher eighteen species do 

not breed in the estuary. 

~,rhen the gonad states are mentioned, e. g. , 

female II or male I, the general appendix table, 

showing gonad classification (Dowers, 1954) 

should be consulted. Another sexual table has 

also been constructed, that for Hhombosolea 

plebei~, Aldrichetta forsteri, and Hhombosolea 



leporina, which provides in more detail, descriptions 

of their gonad maturity. Both these tables were 

used for the species concerned and are modifications 

of the Bowers table. They were constructed on 

the principle that while general gonad tables 

provide a rough basis for classification, they 

must be adapted according to the species, for 

differences may occur in location (temperate 

or tropical) and habitat (estuarine or oceanic). 

Tables for the other species have not been 

constructed owing to the lack of sufficient 

gonads stages, although in Appendix 7 

there are a few notes concerning observations 

made on other species. A gonad state showing 

I-II or IV-V indicates development 'between the 

stages. 

~Vhen consulting the gonad tables below, 

it must be remembered that the maturity 

symbols do not represent individuals, but 

only give an indication as to the range of 

maturity that existed per month. 

5.2 Species Account: 

5.2.1. Permanent Species.:.. 
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TABLE 5.Hb) RHOMBOSOLEA PLEBEIA- gonad maturity (male) 

1965 1 966 

I I Au g. Sept, Oct Nov. Dee, Jan. I Feb, Mar. ! 

(m ) 
-

J -

60 79 
I I I -

- , 

I I I I I I I I I I t -80- 99 
I 

i 

i 100 - 119 I I I ! 18. I - II I & 1- tI I I I I. I -
I 
I&I-lit 120-139 ! I I &. [-II I &. I-II 18.1-11 I & I -II I -II 11 Ii I I I 

I 11 i! i 

140- 159 I I i1 II I & II I & II' I-II & II I-II 8.. II 1-1\ & II i 3. 1-11 I & I-!I I l;. II 

160-179 I 
I I &. I-II I & I! I-II &.Il I-II &. II I-II &. II 1- II []. II I & I-II I &. 1-11 & I II &. II 

3. rI -
II 

I - . 

I i I I 8. II 8. 1-118.11 1- JI & \I 8. I -II 8. II []. I /I 8. II II II II &11 III .... 
180-199 II - lit II - III II - III 11 II - Iii 

200-219 I &. II II 11 iii 118. II -III II-III <I. lIi 118.11 III II &11-111 II &111 II In 8. I V II II &111 J.. 
.., 

I 11 Itl V 

220-239 
II &lil III & 11- III 8. IV II -III & III II &11 III II III &11 II 11 111- IV It &. II -III [10 rV & -

III & III &1 V 11 lit 111 

- 259 I 
H II-Iii &'111 IV II! II - III & III II & III 111 - I V IlorY - I 

11 IV 

I 1 

\ I 

\ 260 279 II - I 
I I 



BlE S.1Ca) RHOMBOSOlEA PlEBEIA- gonad maturity(female) 

1965 1966 

SlZE May June Ju ,D,ug. Sept Oct. Nov. 09 I A 
(m m.) 

60 79 

1 l&T-II 1 

II&Il I [&,1-11 I r&IJl [-IT. II-I( I I 

I&. Il J&ll 1 ! 

I I 
II & l&.n Il& m !1-H&11 I-II &n 11& Ii L[!..ll 1 &1 1I I 7&11 

I 140 - 159 1If . I I I 
r I A. I - 1I &. Itt 1- II &. II 1- II' [';. iT 1- U &II HI &.11 8. 

10-17 &m III 

1 
I 
l-
I J8.Ir 
I 

]I I-U 11 } -n 
I 

I I I I I 
r&D I & lJ -m 11 &IlJ 

180 ~ 198 E;,lil I 
& 1lI 8.. 

200 - 9 v v I 
11-111&111 11-1I1i!.IV-V 

220-239 &,11 r.~v 

I-Jl 
In 

It &111 & 
V 

18..11 III 

& IV- V 8.. 
VI 

r.. r 11 &n 
&m 

II r..lJl U &J1l n &jJJ 

ll&n-ml n &J[[ &J V I II &lil .:;. If[ /11V 

{1. IV JV 

II-utilill & I !II 8.. IV 
V 1:.. VI 

III&IV 8.. IIV&V& 
VI V I 

1-1l&1l 1I&1U T & II (}. 
IlL 

11 
H &m 8. I V & VI 

VII [';.VTIorl1. 

IlI&VIi ! VII or II 11 

I':.. W&W &IV& HI - &/11 III&IV 11I8..IVI:'r vr.vt III&IV& VI&VII IU&lJI-JV 
240 25 9 v I V - V & I V & v I V I \I lor II I &. VD 

---_. 
II 111 & iV ill & IV IV III I':.. 1 V &. III &. IV & VI JrI & IV 

26 - 279 V 

• 1i I t! 
280 29 I 

\ .,-", _} I ! 



Rhombosolea plebeia: It was observed that at 

all times there were a few adults in the estuary 

with mature or nearly mature gonads. Table 

5.1 (a) and (b) illustrate the gonad development 

per size per month during the 1965/1966 investigation. 

The table shows the following points: 

(i) Trom length sizes of 180-199 m.m. 

and below, the gonad states remain remarkably 

constant, indicating immature sexual development. 

Parrott (1960))states that Rhombosolea plebeia 

matures at about 200-220 m.m. which corresponds 

well with the tables. 

(ii) The main breeding season extends from 

November to about mid-January. This, however, 

is only an arbitrary division based entirely on 

the numbers caught with mature gonads, since a 

few adults, male and female, w'ere found to have 

mature, or nearly mature, gona.m;s during winter 

and early spring. This suggests the presence 

of a small over-wintering breeding group, their 

occurrence partially providing an explanation for 

the regularity of the size populations as sho\ffi 

by the length-frequency figures 3.1 (a) - (e). 

(iii) Although not obvious from the tables, 
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it appears that the older individuals (280 m.m. 

and above) have a defined breeding season, ie.~ 

breeding mostly in summer and recuperating during 

winter. The individuals from 200-259 m.m. do 

not appear to have this limitation. It is 

thought that this 200-259 m.m. group are 

responsible for the bulk of the winter breeding 

population mentioned above in (ii). 

(iv) The male gonads tend to develop more 

slowly than the females, i.e., there oc€urs a 

greater concentration of stage I and_;![ males 

during October-December than females. Further, 

fliere does not appear to be many mature males 

during winter when compared to the corresponding 

female stageso Thus, it seems that the females 

are less tied to a definite breeding season 

than are the males. Whether this occurrence is 

due to coincidence, to a pecumiar behavioural 

pattern of the male, or to the fact that one 

male can fertilise a number of females, is 

uncertain. 

(v) Referring to the age list for 

Rhombosolea plebeia (Section 3, p.117 ) 

it may be seen that first maturity occurs at 

about 2 years, for both male and female. 

186. 



The ratio of males to females remains fairly 

constant in the estuary, from 1.32:1 in January 

to 1.88:1 in September. The ratios, from 

June, 1965, to January, 1966, were tested by two 

4~ : (1) the simple goodness - of - fit X~, 

testing ratio significance within months, and 

(2) the contingency table, testing ratio 

2 _.. < ( ~2) significance between mont~s, by X - < ~ 

The following results were obtained. The 

contingency result, with June included gave a 

2 x-: ::: 30, and a significant P value of < .005. 

With June excluded, X~ = 2.065, giving a P value 

of .9 - .75 indicating that there was no difference 

between months. 
') 

Having established that the X"" 

fo~ July, 1965, to January, 1966, wa~ not 

significant, it was possible to lump all the 

monthly ~esults together to find the within monthly 

difference: 

.Male Female Total EXl!ected 0 - E 

Male l<'emale 

1191 708 1899 949 242 24·1 

This gave a X 2 122.9 = and a P value of <. ,005, 

indicating that the 2 X was significant, and that 

there was real difference between the sex ratio 
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figures (1.68:1 - male and female respectively), 

within the months. The above results led to the 

following conclusions: 

(i) Although there was no difference between 

months (July - January) there did occqr a difference 

when June results were included. The X2 for· 

June 1.282, and with 1 degree of ~reedom, gave 

p = .5 - .25 indicating no real difference in 

numbers between the sexes. This June variation 

was most likely caused by migration between the 

estuary and the sea being at its minimum level. 

Thus, the distribution of Hhombosolea plebeia 

would tend to be constantly random throughout 

the month giving an approximate 50/50 ratio for 

the sexes. 

(ii) For the rest of the year, however, 

a difference between months did occur, 1.68:1 

being the average population value for each 

month (excluding June). Since there appears 

to be less mature males in winter than mature 

females (as stated above), this X2 monthly 

discrepancy, in late winter and early spring, 

appears to indicate that the majority of the 

males found were immature, i.e. , below 200 m.m. 
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in length. The proportion of mature males to 

immature males, however, must have increased 

during the summer. Nevertheless, the sexual 

preponderance of immature forms throughout the 

year sUbstantiates the already stated opinion 

that Hhombosolea pleb~ia, although breeding 

in the estuary to a limited extent, utiliges 

the estuary predominant for feeding. 

(iii) Since one would expect an increase 

of females during the summer for breeding, 

the fact that the sex ratio remains constant 

throughout spring andssummer could indicate: 

(a) that after mid-winter, there was a sudden, 

inexplicable increase of males, or a decrease 

in females, perhaps caused by a population 

rearrangement necessitated to fill the vacuum 

left by the departing breeding adults of 

the previous breeding season; (b) in summer 

there may have been a constant sex ration in 

the lower size ranges, which acted as a buffer 

against any sex deviation in the influx of 

breeding adults. 

Rhombosolea leporina: Although the limited 



TABLE 5.2(b) RHOMBOSOLEA LEPORINA- gonad maturity (male) 

1965 l:l 66 

S IZ;;;:- iv'lay jLI e J lj l y ;"U S9 0 OV. DGc. Jan, 
(mm,) 

.. _----- --.-~.~-

100 -1'19 
I I I 

., '. 

20 - 39 
I i 1 I ! & I-II I I 

140 - 159 
I &. !I i &.! - II I I - II I I 

1 

1 j & Ii J 11 I & I-Ii I - ! I I II I & II 

80 - 199 
! I &1- II &1 II I &1- It I - II & II I-II & I 

& It 

--
200 - 1- II 111. Ii i-II I II I-II [;. II I 

& II -III 

220 - 239 
! & II I-II & I II I[ & II-Ill I II II &. II-III I II or V I - II 

I 
240 - 259 I if &111 II i.~ II I! 

if ;11 
. 

260 - 279 
II II fe, II .. : Ii II - II! II - iii & III III &- IV II! &. I V ill &IV 

&111 

280 - 2 n II ::>.!11 ~v tH IV III '" I V I 

'1-

3 00 - 9 

--~.-.~-.-~ ----'---
~H 

\ \ J ....... 



TABLE5.2(a} RHOMBOSOLEA LEPORINA-gonad maturity(female) 

1965 

SIZE 
(mmJ 

100-119 

120-139 

, 

I 
-I 

140-159 

160-179 

180 - 19 9 

200 - 219 

220 239 

240-259 

260-279 

280- 299 

May 

! all 

& 

-II & 

II 

June 

II -111 

" - IIi V IV 

VI 

\ 320- 339 VI 

" I 
II & IIi 

orVI 

I 1966 

.!i. II - III 
8. VII 



numbers caught throughout the eight months can 

only show trends, tables 5.2 (a) and (b) have 

been compiled to give a general idea as to the 

sex development throughout the year, for 

Rhombosolea leporina. Several features emerge: 

(i) In the adults of both sexes, there 

appears to be a concentration of mature gonads 

in winter and early spring, while in summer the 

gonads are either immature or have reached 

stages vii (female) or v (male), showing that 

spawning had finished. This early development 

of spawning tends to illustrate the Hhombosolea 

leporina has a restricted breeding season, which 

may account for the summer dearth of adults in 

the estuary, the majority of the breeding adults 

spawning at sea during spring and summer and then 

returning to the estuary in late summer-autumn. 

(ii) The occurrence of a few mature adults 

in winter parallels closely the situation found 

in Rhombosolea plebeia, and suggests that 

breeding occurs during winter in the estuary, 

for Hhombosolea le,Eorina. 

(iii) Young Uhombosolea leEorina develop to 

maturity around 200 - 210 m.m., again similar to 
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HhomJ.3osolea plebeia. Although no ages are known 

from H.hombosolea leporina, the fact that maturity 

is similar in both species may indicate a similarity 

of length to age ra4t~o and therefore of growth 

relationshipsQ 

(iv) Unlike Rhombosolea plebeia, there 

appears to be no size difference during winter 

in the breeding adults of Rhombosolea leporina 

and the time in which they spawn, i.e., all adults 

breed throughout the same periodQ 

(v) The number of mature males, in winter 

and spring, is much less than that for females. 

The ratio of males to females was investigated 

by the goodness - of - fit and the X2 contingency 

table. The results were as follows: The 

contingency test, with June included, gave a X2 

of 3908 with a P value less than .005, while with 

June excluded, x2 = 4.462, giving a P value of 

.5 - .25. Thus, as with lUlombosolea plebeia, 

the month of June gave a discrepancy result 

differing from the rest 

goodness - of - fit X2 

the following results: 

of the months. The 
< (0_E)2 
(~-- ) gave 
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Months dmale P value 
+ female) ---

June 704 001 - .005 (significant 
difference) 

July 3.6 .1 - .05 " 
August 5.8 .025 - .01 II 

September .28 .75 - .5 (no difference) 

October .64 .5 - .25 II 

November .39 .75 - .5 II 

December 3.56 • 1 - .05 (significant 
difference) 

F'rom the above data the following conclusions 

may be made: 

(i) The contingency results, with June 

included, gave a P value .005, indicating that 

there was a difference between the months. 

However, with June excluded, the P value of 

.5 - .25 indicated no difference between the 

months and so showed that the month of June 

varied from the other months. The cause of 

the June deviation, having a heavy bias of 

females, could have been the result of a 

movement of males out of the estuary, or to 

sampling inadequacy • The possibility of an 

. inward female migration in June seems unlikely, 

since very few mature adults w'ere found. 
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However, there may have been an inward 

migration of immature females. 

(ii) Throughout the rest of the year, the 

between monthly sex ratios showed a preponderance 

of males o The cause of the situation was 

probably due to the lack of breeding females in 

the estuary, which would substantiate the 

results in table 5.2 (a) and (b). Although 

a few mature females were found, the occurrence 

of estuarine spawning appeared to be relatively 

negligible. It may be stated, therefore, 

that the bulk of the Rhombosolea leporina 

p6pulation comprises immature forms below 

200 m.m. 

(iii) July and August showed a large 

incidence of males over females, in both 

cases about 2:1. Since most of the estuarine 

spawning occurred in late winter-spring months, 

this was a surprising result, and conclusively 

showed that, since spawning was of minor occurrence, 

the bulk of the population was composed of 

immature forms. In September, October and 

November, a migration, either inwards of 

females, or outwards of males, occurs, as the 

P values approximated .5, illustrating a near 
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TABLE 5,3 PELTORHAMPHUS NOVAEZEELANDIAE-gonad maturity(fe e) 

19 ti 5 1966 

SIZE June Sept. Oct Nov. Oec. Jan. Fe b, 

~ -

60 - 79 I 

! 

80 - 99 I 
I 

100 - 119 I 

I 120 - 139 
I & II 

I 
! ! I I I I 

! ! _I 

140- 159 I & II I - II I & I-II I 
.::;. II 

160 - 1'-' a / ..J 
I II-III & 1&11 I & II -III I-II & It I 1[.3.1-11 I 0. I! 

IV 

180 - 199 III G.. V I I &11 " 1-11 & II t &11 I 

--~--.--.~ 
200 - 219 [I & II III I u. II [ G. II [,. 

II - 111 

220 - 239 I - II II 1110.111 II-III 8.. lit I 

I 

240 - 259 II & II -III 

260-279 III /I - III 

. 
2S0- 299 III l I \ \ . -~ I I 



50/50 sex ratio. This levelling of the ratios 

may be a feeding response associated with increase 

in temperature, attracting a small number of 

females that have already spawned at sea. 'fhe 

increase certainly cannot·be of mature adults, 

as tables 5.2 showed little spawning in the 

estuary during summer. 

Peltorhamphus novaezeelandiae: Owing to 

insufficie~t data only one table could be 

constructed to show gonad development, that 

of the females. Table 5.3 illustrates the 

female gonad state throughout the year. 

though the total numbers were few (136) the 

table illustrates that the "Sole" seldom, if 

ever, breeds in the estuary. One male was 

found on. 13/9/65 having a gonad maturity of 

II - III, which was very near maturity. 

'dhether the few specimens with mature gonads 

bred in the estuary, or move out to sea to 

spawn, is not known. 

The was again used to test the within 

and between month sex ratios. It was found 

that, from June, 1965, to January, 1966, the 
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between month thi-squrrre = 5.78 with 7 degrees 

of freedom, givin{; a l' value of .75 - .5, 

illustrating that there was no significant 

difference in the sex ratios between monthly 

samples. ~ince this was the case, all samples 
C) 

were lumped together for the within month X~ 

test: 

Females Males Total ~xpected <'9. :-: t,~ ) 2 
r.. 

136 60 196 98 female male 

1.4.7 14.7 

2 gi ving a X of 29.4 and a P value <.001. The 

followin~~ conclusio11s may be made: 

(i) The between monthly gonad states, 

although showing no significant differences, 

did have u female/male rutio averaging 2.26:1. 

',Jhy this predominance of fema.les occurred is 

uncertain. It cannot be for breeding as 

there were only a very few females and males 

found with matl~ing gonads, and if it were for 

feeding there should have been no need for a 

ratio difference at all. However, the most 

probably explanations are: (8) Samrling 

error, owing to inadequate fishing methods, 

al though this was not a serious drawbacl<, in 

195 0 



that the monthly samples \-vere consistently biased 

towards the females; (b) A segregation of the 

sexes, the females being more tolerant of 

estuarine conditions, and the males remaining 

at sea. 

(ii) The within monthly ratios differed 

greatly from the expected 1:1 ratio. C' • L>lnce 

PeltorhamEhus novaezeelandiae bred only rarely 

in the estuary, it will be obvious that the 

bulk of the population comprises immature 

juveniles or young adults. This factor, 

illustrates ~hat has been mentioned before, 

that the 11 s01 e " is a marine species and only 

enters deep areas of the estuary for feedingo 

Here is more evidence proving that of the 

three species of the Pleuronectidae, 

Peltorhamphus is the most intolerant to 

changes in the sea environment. 

Relating ages to length in PeltorhamEhus, 

it may be seen that first maturity is reached 

at the end of the second year, approximately 

200 - 210 m.m. This result differs from that 

of Papson (1940),·who found for the "lemon sole" 

that, at the end of the second year, the female 

measured 250 m.m., and the male 229 m.mof 
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TABLE 5.4(b) ALDRICHETTA FORSTERI-gonad maturity(male) 

l~b~ 1966 

SIZE May Jun12 J ul V Aug. Sept. Oct Nov. o I? c. Jan F <? b. 

, I 

-< 

120- 139 I I ! 1 
I 
I 

~ 140 - 159 
I ~ I 1 

I I 
I I 

160 - 179 I 

... -
180-199 I , 

• 

200 - 219 II I I II, 18. I-II I 

I I 
-.-"-~ 

220 - 239 II 1 ! I-II &. I C. 1-11 I-II & I ;"1 - It .:::. I &. II II 

I II - III &111 II-III &. III 11- nl 

---.... 

240 -259 1\ I II I ;,. I-II I C. I -li I-II &. Il .:;. I & II-III &. [-II 6. III II C. III 11 III III 
&11 & iii II! .:;. III-IV III &. IV "" III -IV III -IV 

Lx IV 

260-279 1- II II II - III I-II Lx 110- Il - III &. III I-II ~ 11-111 II;" 111 &. III&l!I-IV III - tV 

&.. 111 It -II f &. IV & III III -I V C.IV &V 

-- -" -._--"-
&111 I &11 ~ III :;'IV Il Iii &. 1ft It :;. II III 11-111&111 II -!II &. III /I - ill 280 - 299 t>. II III 

II - III & IV &. I V &..IV &. IV 

300 - 319 
II II - III If! II &. II-Ill 1&11 & 

&Vilorl1 III & V 
&y 

320-339 
IlorV II [,. IH 1I or V 

i \ I 



1 Mt:SLC ~ .. 4\a) AlUHICHt rl A FORSTE RI"- gonad mc;lturity (fe male) 

1965 
._,_.- '_'_d_'~_'-J =',.'.''''''~~-''-

Aug, 

-,.- .-__ ',,,,,z._ 

S e pt. L_.~J c t (\J 0 v -SIZE 
1m m.) 

Ap rll 

100 - 119 I 

120 - 139 I [. II I & I - II 1 II 
-----t· ' .. -._. ... --- . 

-.-~+ ........ ~ .. ··_-t--· .. · __ .. - .......... -- - .. ----.~.- -.... .. ..... --....... ,.~ ... --... ~--= 
159 I 1 

I 

.. ------t--.. l--------J!· ______ ... c-.. _ ... _ .. __ ...... . ______ .. __ .. __ _ 

160 - 179 I II 1&11 

t----L---.. -r·------.. -1. 
1 B 0 - 1991' __ I __""'" -

200 - 2~L ~ & ~____ '" & " , & " '" I VII 

1 
---f-----.-.-.. -

LLU- L.:l!::ll ,,'-, 1t&IV&. 11&111& 1-11&11& 11& 1&11 Illf~iV 
II-iii V IV lI-fll&V 

l"I If ,.. "" . I I &11 [,. 
, 

Vf! 

240 - 2~-"!1 u.II! --·-rl--;~I-·--I!1 II &. III <:i. II ~ I <:i. III &. '11 & III .. ~-- II &111 .. ,). III & I!! -IV II -~--~ J & 

($. 1:1 IV Ca V IV 111- IV IV c. .5.. V 1111':;' VI-VII 

& I & II ;;. 

-+-____ ._ __ ....... __ . &. V I & V II 

260 - 279 
I & 11 &. 

II - rII 

&V ~ <:i.IV{,.V V & V-V! 
&V-Vlo.-VI G. V 

11-111&. iii-IV I II ,:;. 1/1 [,. IV 1111 IV 2.. 
&V & VI &IV-V &V IV-V G.V 

III & III-iVII [,. II & I 

& VI &V & VI VI 

f- -~+---.--+-. .. __ ._ ... --/---_ ... .. .. -_.+--.. _--+-- . .-...r- .......... ~ .. ~-~ 
II &V c.. IV-V o.V "" 

V- VI&VI V VI &,V! 
IV-V & Villi &1'1 [.. 

& VI V 
2 8 0 - 29 9 I II -- III ,:;. II! \ i Ij & i V ~ V I l! G. III C. 

I~: : '& v-;v--- 'v & V & , V -v ;v:;-~~:VI ,,;VII & "' -;-;::~ & -r---
III-IV C.IV I'II-IV &-IV 

&VI & V IV- V & V 

300 - 319 

iV-\!G. IV IV V V-VI t. 
320 - 339 

II II & /I - 1lI 

&VI & VII 

-I +-------
II Iii C>. V [,. 

VI 

III & VI 

.:;. VII 

II C.!iI 8. 

IIV [,. VII 

i! &111 C. 

tV & V 

.=. --~,~"-.--_ft_---

VII f
" ~.~I .... ------. -.---~.-- ~ ~~ ~I:._. ~~.--~~~. ~ & _VII - -.. -. 

-\-------\-~~~~.!.- _. __ . __ .. - .. _-----..... .----.~ .. - ,,--.~I-.~~-~-~- ~"--~'-
\ ~l..f\ - 359 \ .. .L .. _________ ... ~ __ ._ . __ --1. ____ .L-___ _ 



Aldrichetta forsteri: Table 5.4 (a) and (b) 

illustrate the gonad states per month, in both 

the sexes of lHdrichetta forsteri. The 

following points emerge: 

(i) Although Thomson (1956), working on 

the yellow-eyed mullet of Australia, states 

that the female matures later, and at a much 

larger size than the male, there does not 

appear to be any size difference in maturity 

for in the Christchurch 

estuary. Ivhether there are any differences 

in size to age relationships, is uncertain, 

but there is not thought to be, since both 

sexes matured at 220-239 mom •• 

(ii) There is a surprising number of 

mature females during winter. In fact, 

~reedingin the estuary for the females, 

appears to occur for most of the year. It 

is not certain whether all the mature adults 

bred in the estuary since the corresponding 

seasonal months for the males did not show 

the same intensity of maturity. Since 

Aldrichetta forsteri is a very mobile species, 

it would not take them long to migrate out to 
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sea, spawn, and then return to the estuary. 

However, this was considered unlikely, because: 

(a) the estuary does provide a suitable spawning 

area, along the Monck's Bay shoreline and river 

junction region; (b) shoals containing mature 

Eidults, when caught at low tide, showed no 

signs of migrating out of the estuary; (c) it 

is not thought that Aldrichetta forsteri 

had a special breeding ground. 

(iii) The males appeared to have a more 

pronounced breeding season than the females, 

although a few males appear to mature during 

winter. 

(iv) By January and February, most of 

the summer spawning was completed,.onlya few 

individuals being found with mature gonads. 

However, a number of maturing specimens were 

caught in late summer. It is thought that 

these would have spawned during the following 

autumn or winter. 

The ratio of females to males, although 

relatively constant throughout the seasons, 

showed a heavy preponderance of females: 

July 4.5:1; August 3 0 8:1; September = 3.4:1; 

198. 



October 2.5~1; November = 3.8:1; December 

3:1. The overall yearly ratio was 3.7:1. 

2 These ratios were analysed by the X tests 

with the following results: The contingency 

result, showing between monthly relations, gave 
q 

a X':;" 37.6, and a probability of less than 

.005 that the monthly results were similar. 

The goodness - of - fit X
2 for within month 

analysis were: 

Month 

:f\1ay 

June 

July 

August 

2 
X 

12 

85.2 

September 63 .. 0 

October 47.2 

November 117.4 

December 23.0 

P value 

less than QOOl (significant 
difference) 

II II II " 
II " II 

II 
" 'I " 
11 II 

" II " 
II " 11 11 

" " " 
In all cases the X2 gave a P value less 

than .001, indicating that there was real 

difference between the expected 1:1 ratioQ 

This leads to the following conclusions: 

(i) There was not only a predominance 
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of females between the months, but also, this 

female dominance fluctuated. July had the 

highest ratio of 4.3:1 which suggests that the 

males had a more pronounced breeding season, 

from spring to early summer. The rest of 

the months had ratios ranging from 2.5:1 -

3.8:1. Since Aldrichetta forsteri does 

breed in the estuary, this could mean that 

either, there was a sexual isolation, the males 

preferring the open sea, while the females, 

being attracted by the water currents, entered 

the estuary for spawning, or that the few 

mature males were capable of fertilising the 

large number of females. 

(ii) The within season results were 

surprising owing to thehigh preponderance of 

females, since breeding in an area should be 

evidence for a 1:1 sex ratio. It appears, 

therefore, that Aldrichetta forsteri migrates 

in unisexual shoals, with the females having 

a higher preferance for estuarine conditionso 

Another point that should not be overlooked, 

is that one male is capable of fertilising a 
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TABLE 5.5 ARRIPIS TRUTTA-gonad maturity (female) 

1965 1966 .- '--'-"--- ----_ .. - .. _,-. . .. 

SIZE Jun e JuLy Aug. SGPt. Oct Nov. D (lC. Jan. F C? b. ~.", a r. A pr it 
(mm.) 

200 - 219 II-III c,. III 1/ I ! - it I 

-
220 - 239 I I I - II & II I 

240- 259 
II -III & III I II t'" II - III II I - Ii 1I I 

-- !--
! 

I 260 - 279 
I &. II - III I -II <:" II I &11 1&11 & III I G. II - III I & I - II 
& II/ 1/ - III .;. Ili- S. HI 

IV 
~ 

280- 299 
I & 111 I -II [,. /I -Ill I /I &11 III II G. II - III 

& III & III I -
I 

300 - 319 I 11 
I 

II - III 

I I I 320-339 
! 

_ .... ,--_ .. -
340 • 359 

! 

360 - 379 

4-
380~ 399 I IV III 

r----.-- --I--. 

400 419 IV I 

.... -

V2~~m_ IV 

...... IV I / I 



number of females. Although this may not seem 

significant, it becomes very important when it 

is realised that fertilisation in the yellow

eyed mullet is simply a matter of spraying milt 

indiscriminately over a large cluster of eggs. 

It is not certain whether the males enter 

individually into the estuary, or in shoals. 

Arripis trutta Malcolm (1960) states that 
, 

Arripis trutta matures at the age of five years 

in Australian waters. Although there was a 

severe lack of data, table 5.5 gives some 

indication of the female gonad maturity for 

Arripis trutta in New Zealand. Three points 

emerge: 

(i) Assuming that the table gives a true, 

if incomplete, picttUJre of the female sexual 

maturity, and that the age classes suggested 

by Malcolm are closely applicable to New Zealand 

conditions, then it appears that the female 

matures 1~' - 2 years before its Australian 

counterpart (refer table 7, page 11 7 ). 

(ii) The maturing gonads during August 

indicate that Arripis trutta has a summer breeding 

201" 



season. 

(iii) Arripis trutta does not breed in the 

estuary. 

The following were the male to female sex 

ratios: May-J-une:::: 1:6.3; July-August:::: 1:4.6; 

September-October 1.2:1; November-December 

1:2 .. 2; January-February:::: 1:1; Narch-April::: 

1:3.8. The ratios were analysed by the X2 

tests, the contingency results giving a value of 

27, having a P value of less than .001 that the 

monthly ratios were similar. The within month 

results were as follows: 

Month 

May-June 11.6 

JUly-August 11.4 

September-October .89 

November-December 4.35 

January-February 0 

March-April 18.4 

P value 

<.001 (significant 
. difference) 

(.001 " 
.5-.25 (no difference) 

.05-.025 (significant 
difference) 

,.995 (no difference) 

(.001 (significant 
difference) 

2 When compared with table 5.5 the X tests 

present a complicated picture. Since the table 

shows an overwhelming presence of immature 
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specimens throughout most of the year, one 

would expect either, a consistent sex bias 

indicating unisexual shoals, or, a 1:1 ratio 

indicating a random feeding population. What 

occurs, however, is a difference between and 

within months, suggesting the presence of a 

migratory population. The X2 result for 

September-October and January-February showed 

the existence of a 1:1 sex ratio for each 

period, suggesting random mixing for feeding, 

while the other two monthly samples had a 

predominance of females. What effect the 

influx of juveniles (refer Section 3, P 90 ) , 

during March-April (1966) had on the sex ratio 

for that period, not certain; but since the 

P value for this sample was <.001 , it does 

appear as if migrates in unisexual 

shoals. 

The male gonad development pattern was very 

incomplete. A few .f the gonad states, along 

with their appropriate lengths and months of 

capture, are as follows: 
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TAB L E 5,6 P S E U DOL A B R USC Ell DOT U S - go n a d mat u ri t y ( f em ale) 

1965 1966 

SIZE 
(mmJ 

May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. April 
----

20 - 39 
I I 

40 - 59 I t 

60 - 19 II 

80 - 99 

100 - 119 

120 - 139 
v III &.. IV V 

14 0 - 159 
II VI IV &V &.. III & IV & " V-VI &VI V &VI I 

160 - 119 
II V V-VI & IV - V 8. IV'::" V <3. VI VI II or V 11 

VI V &.. V -VI VI 
&. VI 

180 , 199 VI VI V & VI II 

200-219 
VI V! VI V 



June (1965): 200 m.m. (S.L.) = male I 

August: 330 m.m. (S.L.) = male I-II 

October: 298 m.m. (S.L.) male II 

October: 345 m.m. (S.L.) = male I-II 

October: 450 m.m. (S.L.) = male III (nearly 

February (1966): 335 m.rn. (S.L.) = male I 

mature) 

It is evident from the last October example, 

above, that the male first matures at a slightly 

older age than the female (about 31 years). 

Despite this, the male still matured 1-11 years 

ea~lier than the corresponding Australian 

kahawai. Before a final answer can be given 

on this topic of age, two questions must first 

be answered: (a) tvhat effect has increasing 

temperature on gonad maturity? (b) Does the 

New Zealand kahawai grow at similar rates to 

thoseof its Australian counterpart, i.e., are 

the age to length ratios comparable? 

Pseudolabrus celidotus: Table 5.6 shows the 

monthly female gonad state for Pseudolabrus 

celidotus. No corresponding male table was 

constructed owing to the lack of sufficient 

data. Although incomplete, the table has the 
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following trends: 

(i) With reference to tahleJ1·3(p.117) it may 

be seen that lidotus reaches first 
~~~~~~~~~~~~~ 

maturity approximately 2 - 3 years (120-139 m.m.). 

(ii) Most of the adults found during spring-

summer, were either, at advanced maturity stages, 

or, were ready for spawning. 

(iii) Spawning takes place over a long period, 

the table showing a period of five-six months. 

As there were not many winter specimens caught 

this period may have beeh longer. Nevertheless, 

the absence of mature adults in the few specimens 

caught during winter does suggest that there is 

a definite spawning period for eudolabrus 

celidotus. 

Chi - square tests were computed an the ~x 

ratios to discover \{hether there was a difference, 

between and within months, in the sex ratios. 

The results were found as follows: The 

contingency X2 , from September to February, gave 

a value of 15.5 having a P value of .025 - .01, 

indicating a sex difference between months while, 

with October excluded, and 5 degress of freedom, 

X2 6.3 with P = .5 - .25, indicating no 



difference between months. Testing for 1:1 

ratios within months gave the following: 

Month X2 

September (1965) 3 

October 1806 

Novmmber 1.2 

December 3.8 

January-February .4 
(1966) 

lVlarch-llpril (1966) 1 

R value 

.1-.05 (borderline difference) 

< 0005 (real difference) 

.5~.25 (n~ difference) 

.05 (real difference) 

.75-.5 (no difference) 

.5-.25 (no difference) 

The above results led to the following 

conclusions: 

(i) Excluding the October result, the between 

monthly ratios, having a female bias, suggest 

that there was very little migrati9n between the S <2.3 and 

estd.'JcH1Y, i. e., there was no apparent special 

influx of females or males during summer. Thus, 

it is thought that the October discrepancy may 

be caused either by Pseudolabrus celidotus moving 

away from the rocky shoreline and into the open 

\v-ater, or, to a sudden influx of females 

preparing to spawn. If the former idea is 

correct, then there is obviously sampling bias 

in the results. Nevertheless, the idea of an 

October influx of females does fit in well with 
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the gonad table and to the monthly sampling 

figures. In the former case, October appears 

to be the real start of the breeding season for 

Pseudolabrus celidotus, while in the latter 

case, there occurred a big jump in numbers from 

3 in September to 26 in October. Unfortunately, 

no large winter samples are available, but as 

was mentioned in Section 2, it is thought that 

Pseudolabrus celidotus keeps very close to the 

deep rocky shoreline, making sampling virtually 

impossible. 

(ii) In the within month sex ratios there 

appears to be the build up to the breeding 

season, starting in early summer. This 

supports the above views that ther-e is either a 

small influx of females, or, a movement outwards 

into the open water, of the estuary. Thus, 

there was a significant X2 in September (.1-.05) 

and October ( < .005) indicating deviation from 

the 1:1 ratio and suggesting a probably spring 

influx of females. During the succeeding 

months, the sex ratios showed no significant 

sex difference as illustrated by the .75 - .5 

probability values. The December discrepancy 
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may have been caused by sampling error, by 

incomplete monthly sampling, or by a significant 

female build up in Monck's Bay during summer. 

Other conclusions reached during the 

investigation were: (a) male maturity appeared 

to have been reached a month later than the 

females, (October-November) e.g., the first 

mature male. was caught on 12/10/65. (b) It 

was observed that the males seemed to be 

slightly larger than the females in size. For 

instance, a number of males were caught measuring 

200 m.m. (13.1.,.) and greater: no females were 

caught of this size. (c) There was noticed a 

colour difference in Pseudolabrus celidotus, 

which could be attributed to sex variation: 

1. Dorsal side of body had purplish-blue 

colouration, with reddish spots; a black spot 

behind the pectoral fin, and the anal fin blue 

(~ostly males): 2. Colouration was greenish

blue, with orange spots behind the pectoral 

fin and the anal fin yellow (mostly females). 

(d) With the presence of the juveniles in the 

estuary, it does seem conclusive that 

Paeudolabrus celidotus breeds in the estuary. 
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Phlsiculus bacchus: For a list of the various 

sexual states in PhIsiculus bacchus see p .12 8. 

Referring to this table the following conclusions 

may be drawn: 

(i) Only a few mature adults ventured 

into the estuary. Although one female, with 

nearly ripe ovaries, was caught during winter, 

it appears certain that the red cod use the 

estuary solely for feeding purposes, aHhough 

Parrott (1957) states that the breeding season 

for PhIsiculus bacchus is from July - November. 

No mature adults were caught during this period. 

(ii) The spring-summer breeding season 

stated by Parrott, appears to be substantiated 

\vhen comparing winter and summer c.atches, e. g. , 

on 15/6/65 two mature females were dissected, 

from Monck's Bay, while on the 113/4/66, the 

female dissected had undeveloped ovaries, which 

showed no signs of advancing maturity. 

(iii) Referring to age list of phIsiculus 

bacchus on page128 it appears that the red cod 

reaches first maturity at 3-4 years of age, 

although a few appear to develop at 2-3 years. 
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(iv) It is significant that of the 27 

specimens caught, only 1 was a male. As with 

Pseudolabrus celidotus and Aldrichetta forsteri, 

this predominance of females may have been caused 

'by either unisexual shoals, or greater tolerance 

of the females to estuarine conditions. 

Trachelochismus pinnulatus: The gonad states, 

of the six individuals dissected, were found as 

follows: 

4/5/65: gonads too small for identification. 

29/6/65: female II 

24/8/65: female VI 

25/8/65: female VI 

13/9/65: female II or VII 

10/11/65: female V - VI 

When the above maturity list is compared with 

the size ranges for Trachelochismus (refer 

Section 3" p.12 9) five points arise: 

(i) The 6 specimens caught all appeared 

to be adults. 

(ii) The breeding season appears to be 

confined to the spring-summer and summer months. 
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(iii) There appears to be a definite breeding 

period, extending from August to November. 

(i v) It was uncertain '1V'hether the female 

caught 13/9/65 was maturing or had already 

spawned. 

(v) The lack of males, although puzzling, 

may have been caused by the inadequate methods 

used, ioe., chance selection. However, it 

seems reasonably certain that Trachelochismus 

pinnulatus is a permanent member of the estuary 

as evidenced by the mature females 'and the 
c. • 

presence of the winter samples. 

Tripterygion nigripenne: The gonad states of . 

the 44 specimens are shown on page .97 and 

illustrate the following points: 

(i) The breeding season appears to extend 

from August to November, occurring in all the 

three habitats, i.e., Shagrock-l'Ilonck's Bay 

shoreline, Redcliffs shoreline, and the 

Dyers Road shoreline. 

(ii) It seems that the females are slightly 

heavier than the males of similar length, e.go 

25/9/65 female (78 m.m.), weighed 8 grams. 

5/11/65 = male (78 mom.), weighed 6 grams. 
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(iii) rst maturity appears to be reached 

at lengths of 50 - 55 m.mD 

The overall sex ratio was found to be 

male 22 and female = 20, an approximate 50/50 
') 

ratio. X~ tests were calculated for between 

and within months, for the period August -

December (1965). Results were as follows: 

B t th X2 1 7 ~ 1 7~ 5 e ween mon s: =., ~ va ue = • 0-. 

(no difference). 

~~i thin months: 

Months X2 P values ----
August 1.6 .1 (significant difference) 

September .55 .25 (no difference) 

November .08 .9-.75 (no difference) 

December 0 > ~ 995 (no difference) 

The following conclusions arise: 

(i) The between month P value of • .5 

showed that there was no significant difference 

2 in the X value, indicating that there was no 

difference in the sex ratios between months. 

The August ratio of 1:2 (female/male) may have 

been caused by sampling error, but it is thought 

more probable that there was a male dominance 

at the beginning of the breeding season, i.e., 
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males were sorting out breeding territories 

in preparation for the female appearance. The 

September-December ratios of 1:1 tend -to 

substantiate the view that pairing of individuals 

does occur, and so proving indirectly that the 

hand net sampling methods were adequate in giving 

an estimate of the breeding behaviour of 

Tripterygion nigripenneQ 

(ii) 2 The within monthly X showed strong 

evidence for a territorial habit by both male 

and female, during the summer months, as witnessed 

by the P value correlations. However, sample 

figures in all months, were low, so that caution 

must be exercised in their interpretation. For 

a detailed study of Tripterygion nigri2enne 

(see Nrs. M. Darby's unpublished MSc. thesis, 

1966)~ Thus 

ThuS, the August sex ratio indicates that the 

IiIales live in the estuary at all times, guarding 

their territories, while at the same time 

suggesting that during \V"inter there is a 

separation of the sexes into different localities 

within the estuary. 
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TABLE 5. 7 GOBIOMORPHUS BASALIS -gonad maturi ty< female) 

1965 1966 

SIZ E May June July Aug. Sl?pt. Oct. Nov. Dec. Jan. Feb, Mar. April 
(mrn .) 

40 - 44 
! 

45-49 v J - II 1&11 

50-54 " 
55 -59 VI I 

60-64 II III . I! 
1--- ,,-
65-69 II 

70-74 v 

75-79 VI II 

80 -84 -
85-89 

1965 (male) 1966 

40 -44 I I 

45-49 III I 

50-54 II - '" I I 

55-59 I I 

60-64 /I I 

65-69 I - II I 

70 -74 III-IV 

75-79 

80-84 

85- 89 



Acanthoclinus guadridactylus: The sexual state 

of the individuals were as follows: 

25/9/65 

5/11/65 

6/11/65 

7/13/65 

= male I 

::: male II 

::: male II-IV 

::: female VI 

Since mature forms were found, it may be 

stated that (a) Acanthoclinus is a permanent 

member of the estuary; (b) the spawning season 

occurs during summer; (c) although the samples 

were small, the actual numbers of individuals 

present must be sufficiently extensive to support 

a breeding colony; and (d) referring to the 

age classes on page130 it appears that 

Acanthoclinus reaches first maturity in 1t - 2 years. 

GobiomorEhus basalis: Table 5.7 illustrates the 

gonad states, both male and female, of those 

specimens whose gonads were of sufficient size 

for identification, i.e., above 40 m.m. The 

following tendencies are evident: 

(i) 'l'he common bully appears to reach 

first maturity at about 40-45 mom. (both sexes). 

Owing to the uncertainty of the year classes, 
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no correlation of maturity with age was possible o 

(ii) The main breeding season appears to 

be in spring and early summer, e.g., from August-

November. It was surprising to find a lack of 

breeding adults during December, since Woods 

(1963) and Stokell. (1955) both maintain that 

spawning occurs throughout the summer monthso 

(iii) Spawning occurs in two places only: 

the Dyers Road Bridge region and along the 

Redcliffs shoreline. The Linwood Avenue 

culvert area appears to be used solely for 

feeding, although adults may breed up the 

culvert drain itself. 

The male to female sex ratio, of those 

specimens whose gOQads were identified, was 

1:1.3. Since.' about half of the;t:'pecimens 

caught could not be sexually placed, no 

2 X tests were computedo However, all the 

monthly ratios approximated a 1:1 ratio, 

suggesting that this species is territorial 

in behaviour. Woods (1963), however, states 

that the females have a freer existence than 

the males. 



5.2.2 Seasonal ~ecies: 

Gobiomorphus Huttoni: The two specimens caught 

had mature or nearly mature gonads: 

7/9/65 = female VI 

25/9/65 = male III 

As these hvo specimens were' found in two 

different habitats, it is uncertain whether they 

would have spawned in the estuary, or migrated 

up the river channels. The maturity of the 

gonads, howeveE, does indicate the presence of 

a population, permanent or otherwise, within 

the vicinity of the estuary. 

Gobiomorphus gobioides: The three specimens 

had the following gonad maturity: 

5/11/65 male I-IV 

8/4/66 male II 

= male II 

Since the specimens were caught at the 

Dyers Road shoreline and one of them 'vas a mature 

male, it seems possible that there occurred 

a small breeding group in this region. Woods 

suggests that the males stay in their territories 
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for a long time, building a nest and caring for 

the eggs, while the females spend only a short 

time spawning before moving elsewhere. The 

lack of females in this investigation, may be 

proof of this. 

Geniagnus monopterygius: The maturity off the 

six specimens caught are as follows: 

24/4/65 == female II 

3/11/65 :::; female III 

15/11/65 :::;: male III 

24/11/65 == male II 

15/2/66 male II - III 

20/4/66 :::;: female I 

As was mentioned in section 3 the specimens· 

were adults except for the one caught on 20/4/66. 

Although some had maturing gonads, the overall 

immatu~ity of the gonads indicates that Geniagnus 

does not breed in the estuary but uses it only as 

a feeding area. 

Leptoscopus angusticeps: Of the four individuals, 

two had nearly mature gonads, e.g. 7/12/65 == 

female V - VI and 19/4/66 == female VI - VII, 



TAB L E 5.8 S PH ERa 10 E SRI C H E I - go n a d mat uri t y ( t e mal e ) 

1965 1966 

S fZE Oct. Nov. o ec. Jan, Feb. Mar. April 
(mmJ 

0 - 19 

I 
I 

20 - 39 

40 - 59 

60 - 79 
II li.. III 

ao - 99 
[( &. lit /I - III G.. III " 

IV-V u.. V IV G.. V III (;. IV (;. IV' III (;,1 V & II 
100 - 119 V V G.. VI 

IV-V;:;" IV;:;"IV-V III-IV&IV LV &. V IV&tV-V II or VII 
120 - 139 

V-VI:;" VI G.. V li.. V I G..V-VI &.. &.V (;. VI 
VI 

140 - 159 
VI IV &.. V &. IVG..V&..VI VI IV 13.IV - V VII 

V - VI & & VII &V li.. VI 
VI 

160 - 179 
VI VI VI IV G..V &. Vll 

VI 



while the other two were immature, e.g., 29/6/65 

female II and 9/12/65 = female III. Although 

no males were found, it appears possible that a 

few II sandfish'"'may breed in the estuary. 

Spheroides richei: Only the female gonad 

development of Spheroides could be illustrated 

(table 5.8), since very few males \vere found. 

The following points emerge: 

(i) It appears that Spheroides enters 

the estuary for breeding purposes as well as 

for feeding. The juveniles, hmvever, being 

immature, would use the estuary entirely for 

feeding and growth. 

(ii) From as early as October; there was 

a large proportion of the females with mature 

or nearly mature gonads. This suggests that 

Spheroides richei, although developing maturity 

elsewhere, breeds in the estuary, the high 

temperatures and swift currents being thought 

necessary for egg development. 

(iii) First maturity in the young female 

appears to be reached at lengths from 100 - 110 m.m. 



At what age these lengths represent is unknown, 

although an extrapolation o~ 2 - 3 years does 

not seem unreasonable. 

(iv) From the few results found in April 

the breeding season appears to end in Fdbrua~y

March. Conversely, the presence of mature 

gonads in October indicates that a few individuals 

may begin spawning in September. If these 

assumptions can be accepted, Spheroides has a 

breeding season of 5 - 6 months. The 

prevalence of spent gonads in April proves that 

Spheroides richei does not breed in autumn, 

but spends the last 1 - 2 months feeding in 

the estuary before the temperatures fall 

below 11oe. 

The average monthly sex ratio of females 

to males. was found to be 25:1 respectively, 

from October to February. This ratio covers 

286 individuals dissected. Since the observed 

frequencies for males were·too low (some ::= 

O/month) the tests for between and within 
C) 

months X'" wns not possible. Therefore, 

the results were lumped into one ratio of 
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male to female 11:275, giving a X2 of 243 0 6 

having a P value less than .001; indicating 

that there was significant difference from the 

1:1 expected sex ratio. It is difficult to 

understand this bias for females, since, 

although the sampling was not random (in 

terms of size), the sexual state was not 

determined or known until dissection. Thus, 

the non-randomness of the sampling should not 

have affected the sex ratio. On the other 

hand it is difficult to envisage a female 

predominated 'population structure of 25:1 

without assuming some bias in the sampling. 

There are five possible answers: (a) 

Spheroides is not in fact using the estuary 

for breeding but for feeding only, in which 

case a higher male population should still 

have been caught. (b) There is a definite 

sex bias during.Hn.tching, and in the eggs lain, 

more females than males being spawned. (c) 

Spheroides breeds in certain localities in the 

estuary (areas not sampled), so confining the 

male population to one region. (d) The male 
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population lives at the entrance to the estuary 

and moves in only at certain times for spawning, 

e.g., night, during high tide. (e) Males develop 

at a later stage of the Hummer season than the 

females. This is not considered likely. 

Of the 11 males caught only 1 was near 

maturity (in October); the rest (5 in October, 

1 in December, and ~ in February) were at stages 

II or III. Thus, it appears that answers 

(a), (b), or (d) are the most likely explanations, 

although (a) is at variance with the female 

gonad states seen in table 5.8. 

Salmo trutta~ Allen (1951) has stated that a 

large proportion of females matured in the 

Horokiwi Stream at the end of their second 

year, and that beyond this age virtu'ally all 

were mature. Ages for Salmo trutta. may be 

;found on Pag~134 Assuming that the males 

mature at a similar age to the females, and 

that the "brown trout" matures in different 

localities at a similar age, it appears that the 

14 specimens sampled from the estuary were all 

adults. 
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The breeding season for Salmo trutta has 

been stated by Stokell (1955) and Hadway Allen 

(1951) as being from June - .tmgust. Heferring 

to page133 it is evident that of the 14 specimens 

dissected, only 4 were mature or nearly mature 

which indicates strongly that May is the beginning 

of the spawning period in the Avon Hivero 

An&uilla australis: The sexual development of 

all specimens up till February, 1966, may be 

seen on page134 0 As would be expected, all 

juveniles were immature, and were of both 

sexes, in ratios of approximately 2:1 (females to 

males respectively). 

The adults, all females, had maturing gonads. 

Page 134 shows a gradual development with the 

months. rrheearly adults appeared to have 

gonads that were just starting to develop, 

while later, adults showed gonads increasing 

slightly in size, with eggs enlarging but still 

small, and containing a small density of 

granules. The age of these females was 

uncertain, but it is considered to be in the 

range of 8 - 15 years (refer Woods, 1963). 
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Eye enlargement was not observed to deviate 

from the normal, emphasising the relative 

immaturity of these adults. 

The occurrence of all females in the estuary 

is in keeping with Stokell's assertion that, 

while the females move up rivers and streams, 

the males tend to inhabit the coastal waters. 

Anguilla dieffenbachi: The only specimen 

caught was an immature male I. 

Galaxias attenuatus: E~cept for the adults, 

sex determination was not possible in the 

. "whitebait ll owing to the microscopic size of 

the gonads. The adults, however, had the 

following maturity: 

5/11/65: male II (T.L. == 85 m.m.) 

8/4/66: female V - VI (T L -. . 90 m.mo) 

female IV (T.L. = 78 m.m. ) 

female III - IV (T.L. 68 m.m. ) 

female III IV (T.L. = 68 m.m. ) 

The obvious inference is that Galaxias 

attenuatus breeds in the J1von River (and 
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Heathcote River, since shoals were observed 

migrating up the river during September and 

October) along the shore edges. For 

confirmation of locality, see Woods 1963. 

However, actual proof for the existence of 

this spawning area has not been found. 

Stokellia anisodon: The one specimen was 

thought to be a famale I. 

~ido,Esis ciliaris:The gonad states were 

found as follows: 

22/11/65: 280 m.m. (T.L.) = male I - II 

288 m.m. (T.L.) =: female II 

9/12/65: 272 m.m. (T.L.) = female II -

17/2/66: 300 m.m. (T .L.) = female II 

19/4/66: 322 m.m. (T. L. ) = male I 

352 m.m. (T.L.) := female I -

This lack of breeding potential in the 

specimens caught, indicates that the "moki" 

entered the estuary strictly for feeding. 

Re,Eorham,Ehus ihi: The only specimen was a 

female II. 
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Thyrsites atun: The only specimen was a 

maturing male III, with each gonad 370 m.m. 

long and 40 m.m. wide. The gonads were 

white, soft and large, with the milt being 

extruded on slight pressure o 

Tr,:igla kumu: The four specimens caught were 

all juveniles. This was substantiated by 

their gonads: 

15/2/66: 180 m.m. (1' • L. ) male I - II 

180 m.m. er.L.) female II 

200 m.m. (T.L.) male I 

195 m.m. \,T.L. ) female II 

It is not know at what length Trigla kumu 

matures. 

Bovichtus variegatus: 

male I.· 

Only specimen was a 

Hippoca~us abdominalis: The one individual 

was a male II - III while in its pouch were 

found approximately 120 - 150 developing 

juveniles. It is uncertain if this specimen 

was a stray visitor, or whether IIippocamEus 
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abdominalis regularly uses the estuary for the 

liberation of its offspring 0 

Mustelus antarcticus: Only specimen was a 

male I. 

5.3 Discussion: 

As would be expected, breeding in the estuary 

is not of such importance as feeding. Whereas 

all the species feed in the estuary at some 

stage of the year, not all breed in the estuaryo 

It was difficult to be certain that a species 

did spawn, since a mature individual may easily 

migrate out to sea to spaml and return again 

to feed. Thus, those species classified at the 

beginning of Section 5 as being "definitely krlown" 

to breed, were selected on the relative abundance 

of the mature adults present, this of course, 

being a purely arbitrary decision. Further, 

one or two species, e.g., Gobiomorehus gobioides, 

Acanthoclinus .9uadridactylus and Gobiomorphus 

huttoni, although few in number, did contain 
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specimens having mature gonads. In these cases, 

it is a matter of observation, biological 

interpretation, and common sense which tells 

whether a species is breeding or not. 

In all the major species, i.e., Hhombosolea 

pleb.eia,Rhombosolea orina, Aldrichetta 

forsteri, and Pseudolabrus celidotu~, it was 

noticed that, although first maturity may 

be within a certain length range, the gonads 

usually started developing approximately 6 

mouths beforehand, e.g", in .Rhombosolea plebeia 

first maturity was reached at 200-210 m.m., 

but the gonads started developing at 150-160 

m.m. These developing gonads were thought 

to be stimulated by the oncoming breeding 

season, i.e., the first maturing gonads were 

found in autumn and winter in specimens that 

would /Spawn for the first time in the approaching 

spring or summer. This fact shows that fish 

gonads are slowly developing organs which take 

months to mature, and not simply a matter of 

weeks. 

Extrapolations from the result showed: 

(a) that migrations may be the cause of the 
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sex ratio results varying between and within 

months, e. g", in Illiombosolea plebeia, Pseudolabrus 

celidotus, Hhombosolea leporina and Aldrichetta 

forsteri, the migrations were seem:lingly 

seasonal, and were most probably either, the 

result of female adults moving out of the 

estuary after spawning; of an influx of 

juveniles for feeding and growth; or, of 

adults moving into the area for breeding and 

then staying for feeding. (b) Although the 

juveniles made up an important part of the 

inward migrations in Aldrichetta forsteri, 

Rhombosolea plebeia and Rhombosolea leporina, 

once they had reached the estuary they tended 

to remain there until approaching first 

maturity, when they either, breed in the 

estuary (a few), or, migrate out to spawn 

(most). 

It \vElS noticed in Hhombosolea plebeia that 

the immature males made up the majority of the 

below 180-200 m.m. size ranges. rphis suggests 

that most of the females, instead of growing 

and then breeding in the estuary, matured at 



sea. When matured a few of the females then 

migrated into the estuary for spawning, after 

which they either, remained to feed, or, 

moved out to sea again. 

The comparative breeding abilities in the 

family Pleuronectidae reflected trends similar 

to those found in feeding. There was a 

decreasing spawning tendency from Hhombosolea 

£lebeia to Peltorhamphus novaezeelandiae. 

In l{hombosolea plebeia, mature specimens, both 

male and female, were found throughout the 

. investigation in the central estuary, as well 

as a number of adults with spent gonads. 

In Rhombosolea 1eporina a similar breeding 

range occurred with the difference that fewer 

mature or spent adults were foundo 

Pel torhamphus nov'aezeelandiae, it was thought, 

did not breed in the estuary at all. This 

variation of breeding tolerance was most 

certainly due to the pollution effects and to 

the decreasing abilities of the eggs to 

withstand salinity changes. 

From the above account of the sexual 
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development, a general rule combining movements 

with segregation of the sexes may be made: 

that fish species, inhabi tinf; open \vaters, 

associate usually in unisexual shoals. This 

was noticed in Aldrichetta forsteri, Arripis 

trutta and Physiculus bacchus. On the other 

hand, species occupying shoreline habitats 

usually occupy territories, tend to be 

solitary or in pairs, and usually have the 

sex ratio as 1:1, e.g., GObiomorphus basalis 

and Tripterygion nigripe~. Spheroides 

richei, ctnd possibly Pseudolabrus celidotus 

provide exceptions to this rule. Spheroides, 

occupying deep open water, and at times 

shoreline habitats, had an ovenvhelming 

preponderance of females which obviously 

necessitated other explanations; whiVa 

Pseudolabrus celidotus showed a close 

approach to the 1:1 ratio during summer, 

but at other times of the year tended towards 

a female dominance. 

Following from the above general rule, 

species occupying the shoreline had a more 
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definite breeding season than those in open 

\\Tater. However, nothing precise was known of 

the breeding habits of ArriEis trutta or 

Physiculus bacchus to support this view, 

although Aldrichetta forsteri did have a 

very wide breeding season of some 8 months. 

The flatfish, Rhombosolea plebeia and 

Rhombosolea leporina, posed an intermediary 

situation, in that, while a random distribution, 

of the sexes occurred, both species were 

discovered to spawn over a wide period of timeo 

~he actual spawning localities for 

Aldrichetta forsteri, Rhombosolea plebeia and 

Rhombosolea leEorina are uncertain. They 

may be in the deep river channels, in Monck's 

Bay, or along the shorelines. The shoreline 

species almost certainly use the rocks, 

Nytilus beds and algal cover for spawning, 

e 9 g 9 , a number of nests of Tripterygion 

nigripenne \vere located under roclcs, both in 

the small stream which drains NacCormack's 

Bay and along the shore, the eggs being laid 

in rO\vs on the underside rock faces. 
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SECTION 6 

PARASITES - incidence 

The recording of the incidence of parasites 

occupied only a minor part of the present 

investigation. The discovery of the parasites 

was incidental, the fish and fish organs being 

quickly examined during dissection for infection, 

while the gut contents, b~placed under the 

binocular for inspection, were searched for 

parasites. Further, the gills, fins, and 

myotome blocks were also briefly examined. 

Parts of the fish not investigated included 

the eyes, pharynx-mouth region and the coelom. 

For a list of the parasites found p~r species 

refer to table 6Q1. The incidence of infection, 

as shown on the table, refers to the maximum and 

minimum number of parasites found in any infected 

sp.ecimen, while the percentage infection per 

total species number refers to the numbers of 

specimens of a species caught throughout the 

year, that contained the particular parasite, this 

number being then expressed as a percentage of the 

total. The percentage and incidence of infection 

per species may provide a positive clue to the 

degree in which the parasites have estuarine 
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intermediate hosts. 

Of the 15 fish species found with 

parasites only 5 had infestations of any major 

importance. These were Rhombosolea Elebeia 

llliombosolea leporina, Peltorhamphus novaezee!andiae 

Aldrichetta forsteri and Arr!2ts trutta. The other 

10 fish -species found on table 614 had relatively 

insignificant parasitic incidence. 

Feeding obviously plays a vital role 

in the occurrence of parasitic incidence, since 

it is through the medium of feeding that most 

infections are gradually passed from one individual 

to the other. With this in mind, the following 

points may be made. 

PARASITE TABLE 6 0 1 

Inci- % infection 
dence per total 
of in- species 

Species (Fish) Parasites fection number 

Aldrichetta Trematodes 8-100 26 
forsteri (metacercaria) 

( total ;:: 1587) trematode 
(adult) 2-23 2 

acanthocephala 1-70 2 

nematodes 7-70> 11 

(Continued) 



Parasite Table 6.1 (Continued) 

Incidence % infection 
of per total 

infection species 
Species (fish) Parasites number 

Rhombosolea Myxosporidia Light-heavy 3 
:g.lebeia (on gills) 

(total :::: 2742) myxosporidia 1-4 light infection 
(on fins) 

acanthocephala 1 light infection 

trematodes 1-17 24 

fungi (pectoral not 13 
fins) extensive 

Nerocila 1 light infection 
orbignyi 

nematode.s 1-24 6 

Rhombosolea myxosporidia 1-8 12 
le:eorina (on fins) 

(total 340) myxosporidia light light infection 
(on gills) infection 

fungi (pectoral not 7 
fins) extensive 

trematodes 1-8 17 

acanthocephala 1-4 :3 

Nerocila 1-2 light infection 
orbignyi 

nematodes 1-20 25 

culus cestode 1-2 38 
bacchus trematode 1-10 30 
(total = 27) nematode 1-3 7 

--
Anguilla trematode 1-4 5 
australis nematode 1-6 5 
(total :::: 40) . ., 

(Continued) 
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Parasite table 6 0 1 (continued) 

-
Incidence 0/0 infection 

of per total 
Species (fish) Parasites infection species 

number 
": 

ArriEis trematode 1-10 19 
trutta nematode 1-3 1 
(total = 215) 

.. 

acanthocephala 1-6 12 

PeltorhamEhus acanthocephala 1-16 30 
novaezeelandiae trematode 1-24 41 
(total = 206) nematode 1-3 3 

TriEter;y:gibn trematode 1-4 31 
nigriEenne acanthocephala 1 2 
(total = 44) 

GobiomorEhus trematode 1-3 7 
basalis nematode 1-2 3 
(total "" 138) 

SEheroides trematode few- 10 
richei numerous 

( total = 285) acanthocephala 1 light 
infection 

Pseudolabrus trematode 1-8 5 
celidotus 

( total = 125) 

Anguilla nematode 1 100 ? 
dief'f'enbachi 

(total 1) 

I~ilmocamEus nematode 1 100 ? 
abdominalis 

(total = 1) 
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Parasite table 6.1 (Continued) 

Incidence % infection. 
of per total 

infection species 
Species (fish) Parasites number 

ThIrsites nematode 1 100 ? 
atun -
(total = 1) 

Salmo trutta nematode 1-6 28 

(total =:: 14) trematode 1-4 21 

(i) Of the five major fish species infected 

with parasites, four were detritus feeders or scavengers, 

e. g., Rhombosolea plebeia, lUdrichetta forsteri, 

leporina and Peltorhamphus 

In each of these species mude and detritus were 

important food types, as may be seen by the percentage 

list below: 

Mud and Detritus 
(as a %of the total food) 

Rhombosolea plebei~ 

Rhombosolea !£Eorina 

Peltorhamphus novaezeelandiae 

Aldrichetta forsteri 

50 0 7% 

21.2% 

6808% (including 
starch grains) 

It is significant that in all four species 

trematodes and nematodes made up the" majority of the 

parasites found throughout the year. 



(ii) Other food types common to the four 

species above were polychaetes, mollusca, crabs 

and amphipods (see Section 4 above). 

In the f'iatfish these invertebrates were consumed 

regularly and, at times, in large quantities, 

with thepolychaetes~b~lngithe predominant 

invertebtate type eaten (e.g., Nicon aestuariensis, 

Pislqne spp., Eumenia spps., and glycerau americana), 

ihe crabs next, e.g~ and Hombronia 

depressa, followed by the mollusca (Amphidesma 

australe, Chione stutchburyi, Zediloma corrosa 

and ~tilus planulatus) and lastly the amphipods, 

e.g' l Families Garnmaridae, Oedicerotidae and 

Callippiidaeo 

Aldrichetta forsteri, however, had a very 

small part of its diet of invertebrates, the main 

crustacean beingithe seasonal appearance of the 

fresh water cladoceran (Monia spps.) during 

November-December-January. 

(iii) Arriplts trutta, the fifth major fish 

species containing parasites was carnivorous, 

feeding predominantly on fish, e.g.,Aldrichetta 

forsteri, but occasionally consuming invertebrates, 

e.g" crabs, mollusca, isopods and polychaetes. 



In Arripps t!utta infection of trematodes and 

and nematodes may have taken place through the 

consuming of Aldrichetta forsteri, since 

Aldrichetta forsteri contained a large number 

of metacercaria (species uncertain). 

(iv) Of the other 10 fish species 3 

were carnivorous on other fish (Physiculus 

bacchus, Salmo trutta, Thyrsites atun) , while 

the other 7 species feed predominantly on 

invertebrates such as amphipads, mollusca and 

crabs (refer Section 5, pp.107-17 5). If these 

parasite infections in the 7 species were of 

estuarine origin, then the invertebrate 

species consumed must be host to a large 

number of parasite species. 

Two parasites found on Physiculus bacchus 

but not reco~ded on table 6.1 were: 

18/4/66: Family Cymothoidae 

Nerocila orbignyi (1 specimen) -

isopod 

18/4/66: Lernaeocera lotella (1 specimen) -

isopod 

Both species were external parasites. 

The presence of Nerocila in Monck's ~ay -



Shagrock area was a surprising occurrence since 

the organism is strictly stenohaline, being 

sensitive to brackish water and pollution. 

____ l_a was found to be a facul tati ve parasite, 

being an external parasite on live specimens 

of Rhombosolea plebeia, ~hombosolea ~eporina 

and Physiculus bacchus, while when the fish 

host dies, reverting to a scavenging existence. 

This parasite was found only twice on Rhombosolea 

plebeia, twice on Rhombosolea leEorina and 

once on Physiculus bacchus. The specimen on 

Physiculus bacchus was found to have eaten the 

entire left pectoral fin of its host. 

On osolea plebeia and Rhombo~olea 

leEorina, rounded and distinct whit~, cyst

like bodies were located on the ventral and 

dorsal fins, while on the gills, black or very 

dark red structure were found. These have 

been positively identified by Mr. J. Manikiam 

of Victoria University, \1ellington, as ~1yxosporidia, 

classification unknown. On both olea 

Elebeia and Uhombosolea leporina w-:ifit'e fungial 

patches were found on the pectoral fins. 

Appendix figure 8 shows the percentage 

infection plotted per month for the ;t;ungial 

239. 



patches and Myxosporidia. 

With a few exceptions, all of the parasites 

listed in table ~~ were located in the Duodenum-

Ileum region of the intestines. The exceptions 

noted are as follows: 

Aldrichetta: 
forsteri 

Hhombosolea 
plebeia and: 
IThombosolea 
leporina 

Acanthocephala = rectum 

nematodes (numerous) - stomach 

Myxosporidia - on gills 

Myxosporidia - on" fins 

White fungial patQhes - base of 
pectoral fin isopod 

Nerocilaorbignyi - external crustacean 

Arriphs trutta:Acanthocephala - lower ileum 
and 
Spheroides - rectum 

Richei 

Ppysiculus 
bacchus ---

Family Cymothoidae 

Nerocila orbignyi - external isopod 

crustacean 

Lernaeocera lotella - external 60pepdd 

(metamorphosed) 

Salmo trutta: nematodes - Hedruris spinigera) gut 

'rhyrsi tes : 
atun 

) 
Cucullanus ) 

antipodeus ) 

nematode - stomach 

and 
stomach 
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SECTION 7 

THE BIOLOGICAL SIGNIFICANCE OF THE ALLOMl~TlnC 

CONSTANTS a AND b 

Throughout the past 40 years, a great many 

symbols have been used to express the allometric 

equation. Those most commonly used are: 

growth ratio index k, a and b, while for the 

initial growth index = b, k and a. To eliminate 

confusion in th~ discussion the following 

notation for the allometric formula will be 

used, unless other.vise stated: 

b y = ax where y = length or weight of a 

dependent 0Tganor body 

dimension. 

x length or weight of an 

independent organ or 

body dimension. 

a = initial growth index, 

i.e., the position where 

the regression cuts the 

y axis. 

b = growth ratio index, ioe., 

the rate at which the 

allometric organ grows in 
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relation to the rate of 

growth of the whole 

organism. 

In the following, the formulae presented by 

previous workers have been converted to the above 

notation, unless otherwise stated. 

J. S. Huxley (1924) was the first to consider 

the significance of the parameters a and b, and 

to use the allometric equation. Since then 

many authors have differed considerably over the 

interpretation of the parameters. It is therefore 

considered relevant and pertinent, to include a 

brief resum~ of the literature, followed by an 

attempt to clarify the biological meaning of the 

allometric constants. 

The growth ratio index is generally accepted 

as indicating the growth rate of a dimension, 

y, relative to that of another, x. If the 

growth ratio is > 1, allometry is posi ti ve; 

if the ratio! < 1, allometry is negative; 

while the ratio - 1, growth is isometric. 

To explain the reason why the weight of tissues 

maintain a log relationship to that of the body, 

l~obb (1929) introduced a "parti tion coefficient l! 
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in which b, he considered, was a measure of this 

phenomenon: thus, changes in b measured " •• the 

relative concentrations in .each tissue of some 

essential growth controlling substance." Thus, 

he formulated y b ax + c, where c was a constant, 

being a numerical correction for the amount of 

inert substance present in either or both 

primordia, and having no physical significance, 

since it represented the composite values of the 

inert components of x and y. This isa 

modification of Huxley's (1924) assumption, 

that growth is essentially multiplicative, and 

that changes in rates of growth affect all parts 

of the bOdY equally_ Huxley (1945) considered 

that Robbls additi6nal constant c ~as not useful 

because an extra constant always gives a better 

fit for a set of data, irrespective of its 

biological aptness or otherwise. 

Sholl (1954) agreed with the accepted 

opinions that b is a growth ratio: " •• the 

dimensions of b show it to be a pure number, 

and it can be regarded as a ratio of the 

specific growth rates of the parts concerned." 

Huxley (1950), chards and ~avanagh (1945), 
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and White and Gould (1965) share this view. 

Richards and Kavanagh (1945) further state 

that b may have other functions: b may 

fluctuate with individual class groups and 

so be more an index of condition than a 

measure of growth, and tbat, in a sense b may 

be considered a correlation coefficient. 

They further point out that temperature and 

starvation may change the value of b. 

The initial growth index has been 

considered by most writers as biologically 

meaningless, being nothing more than the 

value of y when x = O. It is usually 

regarded only as an arithmatic equation 

constant acting as a modi er to the growth 

ratio b, i .. e., when a increases b decreases, 

and vice versa. (Hichards and Kavanagh 

(-1945); Huxley (1950); and Sholl (1954» .. 

\\fhi te,.and Gould (1965) are exceptions to this 

belief, maintaining that the constant a can 

be interpreted as a factor dep~nding upon scale. 

Jerison (1955; 1961), working on the 

evolution of brain weight to body weight, stated 
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that the constant a can be used as an indicator 

of evolutionary trends. His work suggested 

that the constant a can be considered as an 

index of cephaliEation where y the brain 

weight and x = the body weight. His evidence 

is a series of regressions on data from the 

Eocene, Oligocene, and Recent, using Didelphis 

marsupialis as a primitive type of,ppossum 

not very different from its ancestors. He 

concluded that the constant a describes brain 

to body weight relation throughout evolution, 

but that it is less useful when used within 

classes of mammals,e.g./ primates Q 

Matsuda (1961), working on the insect 

family,; Gerridae, found that by comparing 

the various combination of a and b, he could 

prove; (a) that when the growth patterns of 

insect leg and antennial segments differed 

between species, other characters also differed, 

ioe., total growth pattern were characteristic 

of species and genera; (b) that when the growth 

ratio b increases the initial growth index 

decreases and vice versa; and (c) that when 
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the growth ratio or initial index varies for a 

segment amongst a group of related species, the 

ratio or index for other segments also varies. 

He also found that values for a and b could be 

used to locate previously undetected growth 

regions in insect limb. 

The constants a and b can be used as taxonomic 

indicators between species and as a measure of 

differences in growth patterns between populations 

of the sam~ species o 

Beverton and Holt (1957) expressed the 

relation of weight in grams (y) and length in 

:3 centimeters (x) as W = ql , assuming isometric 

growth and a constant specific gravity. Here, 

q is the product of the specific gravity and 

a "space" function; which, if I is identified 

with total length, is the fraction of the 

volume of a cube of side I that the organism 

would occupy. This relationship requires 

further investigation. Where the relationship 

is artificially forced into a cubed form, and 

specific gravity is not necessary unity, the 

following interpretations of q follows: 
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(1) conditions: s.g = 1 

Y~ 
x 

Conclusions (a) q 1; (b) fish is cuboidal in 

shape throughout life 

(2) conditions: sog. = 1, 

y 

x 

Conclusions: (a) q > 1· , (b) fish is not 

cuboidal, andllength is shorter than the side 

of the cube enclosing its volum~. 

(3) conditions: s.g. 1 

y 

x 

Conclusions: (a) q < 1; (b) fish is not cuboidal 

and length is longer than the side of a cube 

containing its volume. 

247. 



Consequen tly, q,. is variable even when the 

s. g. 1, and is therefore a frmction both 

of the specific gravity and the deviation of the 

fish form from a cuboidal shape. The biological 

meanin~ of q in terms of ~lether it reflects 

a deviation of the s.g·o from 1, or whether it 

reflects a deviation from the cuboidal shape, 

or both, first requires the testing of b = 3 

in the equation log y = a + b log x, fitted by 

the least squares regression. Beverton arid 

Holt consider that Huxley's formula y b ax 

introduces more problems than it solves, since 

one cannot distinguish changes in specific 

gravity from those of true allometric growth. 

This will now be investigated, using the 

formula \1 b aL • 

In the equation: 

(1) - y aXb , let US suppose b 

y = weight in grams (W) 

~ and that 

x = length in centimeters (L) 

(2) - Then, log W = log a + log L x3 

and the pattern in figure 7.1 Log W 

is obtained: 

Log L 
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\1 is now converted to length equivalents, L e 

(see Section 3 p.116 ), with the relationship 

necessarily taking the form: 

(3) - L = A + BL, and e 

In 

In 

produce a regression of 

the form illustrated by Le 

Fig. 7.2 

Len,gth 

equation (2) b 
1 ) Hegression lines s.g. = -

3 ) (2) and (3) above 
equation (3) s.g. B = 1 ) are linear. 

Thus, when B 1 and the regression is linear, 

(a) when A = 0, the fish is cubic (this 

should not be interpreted as imputing 

any intrinsic excellence to cubism, 

but rather of the constant A in terms 

of deviation from a given geometric~1 

standard) • 

(b) deviation from B = 1 reflects a deviation 

from sog. = 1, or a progressive deviation 

from a cuboidal shape~ 

(c) if A is negative,the fish is elongated 

(d) if A is positive, the fish is compressed 

anterio-posteriorly. 

U~ing the same equations· as above in (A), 
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(~) When B > 1 and s.g. = 1, then 

(a) when A ~ 0, the fish is initially cubic, 

but progressively compresses axially 

relative to each progressive increase in 

absolute length. 

(b) when A is positive, weight increase is 

greater than length both initially and at 

a later age. 

(c) if A is negative, fish is initially 

elongated, but becomes progressively 

compressed with growth. 

(£) \Vhen B < 1 and s. g" 1, then 

(a) when A o the fish is initially cubic 

but progressively elongates with 

growth. 

(b) If A is positive, fish initially is 

compressed anterio-posteriorly, but 

later becomes elongated. 

(c) when A is negative, fish is initially 

elongated and becomes progressively more 

-go with growth. 

It should be. noted, however, that the above 

cases are limited to fish where s.g. = 1, and 
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FI GURE 7.3 LENGTH EQU1VALENTS(Le )against LENGTH 
(showing diverge nee from 45° slope) 
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this is not a general phenomenon. 

Varying values of B give differing growth 

patterns. Figure 7.3 illustrates length 

equivalents plotted on length for Rhombosolea 

plebeia, Rhombosolea leporina, Peltorhamphus 

noyaezeelandiae,Aldrichetta forsteri, Arripis 

trutta, Pseudolabrus celidotus, Spheroides 

richei, and Anguilla australis. Any deviation 

between the actual fish shape and the expected 

graph plot, may be caused by the fact that the 

specific gravity is seldom constant throughout 

life, and that few species;,have growth on a 

cubic pattern. 

A further application of b derives from 

the mean instantaneous growth formula, where 

lengths were converted to natural logs, and 

weights by natural logs to "length equivalentstf. 

l1hen b = 3 the trend of the growth rate of 

length and length equivalents wtll be equal or 

parallel l e" g"1 

or or 

growth i ~ growth T Le growth i 
L&Le L 

age-+ ag~ 

2510 

Le 

L 

age-i> 



If b <.. :3 or > :3, the plotted line will 

not be parallel: 

or or 
Le Le 

I$rowth i -------.Le 

L 

---
growth1 

L 

age~ age -~> age -----? 

'rhus, when b :3, grmvth is isometric and 

specific gravity is constant. But when b does not 

equal :3, and the growth rates of Land L are e 

parallel, deviation from b :3 reflects specific 

gravity changes, i.e., s.go I 1. However, if 

b varies from :3 and the graphed results are not 

parallel, then, if s.g. = 1, one can be certain 

that the b deviation is due to body change. Thus, 

b of the allometric equation can help to clarify 

grmvth patterns detected by a plot of instantaneous 

growth rates on age, \vhile both methods when I 

used togethe~ can help to distinguis~ changes in 

specific gravity from those of body variation. 
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SECTION 8 

MAIN DISCUSSION 

gstuaries are complex environments, which, 

physiographically are bodies of water bordered 

by, and partly cut off from, the ocean, by land 

masses that were originally shaped by non-marine 

agencies, and may be either dro\med valley mouths, 

areas of submergence, or tidal areas of a river 

mouth. For a detailed account of estuaries 

see Hedgpeth (1957). 

'Complexity' is a good descriptive term 

for the Christchurch estuary, since not only is 

it fed by two main rivers, but also by a number 

of freshwater streams, all of which intermingle 

with the inflowing sea water. The unusual 

triangular shape of the estuary, along with 

its localised narrow mouth, has meant the 

deposition ofa large mudflat region in the 

central estuary, exposed at low tide but 

covered by some 1 - 6 feet of water at high 

tide. As would be expected, this has lead to 

the creation of a number of specialiEed habitats 

(refer Section 1 and figure 4) being based on 

the local variations of salinity, biota, and 
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water depth. Added complications arise owing 

to pollution, the effects being felt principally 

in the Heathcote River area. This pollution 

takes two forms, the first and major type being 

trade waste from factories, \vhose effluents 

empty directly into the Heathcote River along 

a reach of approximately two miles, and 

whose effect is to exclude all life-forms 

except those used as pollution indicatorso 

Anguilla australis is the only fish species in 

this area, at low tide, while shoals of 

Aldrichetta forsteri and Galaxias attenuatus 

(seasonal) migrate beyond the Heathcote 

Bridge during high tide. The second type 

of pollution concerns the sewage effluents 

which empty into a restricted area along the 

Avbn River channel, the main adverse effect 

being the presence of detergents (1 part/ 

1,000,000) which appears, either to irritate 

the fish, or, dissolve the outside mucous 

covering; fish specimens caught in front of 

the sewage ponds were found to have a heavier 

mucous coating than was normally observed. 
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As was illustrated in Sections 2, 4 and 5, 

the estuary has a influx of seasonal species, 

for either feeding, or breeding, or both. It 

was. mentioned in ctions1an d 2 that this influx 

appeared to be tied up with temperature variations, 

since Monck's Bay, bei so deep, would not have 

had a very wide salinity difference throughout 

the seasons. This was adequately shown by 

the appearance and disappearance of Spheroides 

richei from the estuary, the mean temperature 

being approximately 11°C in both cases. F'urther, 

the migrations of ~G~a=l~~~~~~~~~~~, Salmo 

tr~, and Anguilla australis, plus the 

variations in their gonad maturit s, appear to 

be predominantly temperature controlled, for a 

fluctuation in temperature would obviously be a 

more reliable physiological stimulus than the 

effect of salinity. Nevertheless, temperature 

cannot be the only factor influencing this 

season influx. Sa.lini ty fiUS t also be of 

ortance, especially with the decrease of 

precipitation during sumlller and the accompanying 

decrease in river flow, Variations in food 
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abundance and food selection may have an effect, 

as is evidenced by the summer increase in numbers 

of Aldrichetta forsteri and Arripis trutta o 

When considering the distribution of the 

fish species throughout the estuary, five 

distinct divisions may be made: (a) Those 

seasonal species that move into the estuary, 

predominantly to breed, e.go, 

richei, and perhaps Gobiomorphus huttoni. 

These species, however, do feed while in the 

estuary, although feeding secondary to 

the purpose of breeding. (b )':'1'hose permanent 

species that breed along the shoreline, e.g., 

Tripterygion nigripenne, Gobiomorphus basalis 

and probably Ps and 

Acanthoclinus guadridactylus. rrhese were 

generally species occupying territories 

throughout the year amongst rocks, Mytilus 

beds, and algae. (c) There are some species 

that migrate freely between the estuary and the 

sea while still breeding in the estuary, e.g., 

Rhombosolea plebeia, Hhombosolea leporina, 

PeltorhanrRhus novaezeelandiae (perhaps), and 

erie In numhers, these 
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species are the predominant fish fauna of the 

estuary, with breeding and feeding being of 

equal importance. Further, all these species 

are euryhalihe and so are not unduly troubled 

by changes in physical conditions. (d) Other 

species use the estuary for feeding but do 

not breed. These include Arripis trutta, 

Physiculus bacchus, Thyrsites at un , Trigla 

kumu and most of the truly seasonal species o 

The majority of these species feed on 

invertebrates, such as amphipods, algae, other 

crustaceans, anemones, and mollusca, although a 

few species are predatory on other fish, e.g ol 

Physiculus bacchus, Thyrsites atun, and 

Arripis trutta. (e) Finally, there are 
<. 

those species that use the estuary principally 

as a passageway to other areas for the purpose 

of breeding, e.g., Anguilla australis, Galaxias 

attenuatus, and Salmo trutta. While passing 

through the estuary, however, these species 

do feed for short spells. 

The analysis of length to l"eight, of caudal 

fin length to standard length, and of seasonal 
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fluctuations in populations (Section 3 pp.72j127) 

should be considered more as a basis for future 

work than for immediate importance. The sampling 

and measurements showed a number of important 

points. 1. There was a very definite seasonal 

variation in fish numbers (permanent cies) 

with a winter minimum and a summer maximum. 

2. The seasonal influx of species was very 

noticeable and fairly clear cut, ie., the first 

tentative entrance into the estuary being in 

September-October, while leaving usually in 

March-April. It was observed that the seasonal 

species least caught in the estuary were those 

usually associated with pure marine conditions, 

e.g., , L~tridopsis ciliaris 

Hippocampus abdominalis and Trigla kumu, 

indicating that these species were only 

occasional visitors. 3. The weight/length 

regressions, for those species having sufficient 

numbers, did give an accurate account of the 

growth of the species with age, and an idea of 

the overall population structure within the 

estuary. It is hoped that the various 

exponential formulae, and regression analyses, 



calculated for these species, may not only be 

of use in distinguishing other populations, 

but also of use in further species population 

studies on growth, size composition, and 

weight/length relationships around the 

Canterbury coast. 4Q The analysis of caudal 

length on standard length showed that the growth 

of the caudal fin depended upon the role played 

by the species in the environment and the degree 

of mobility of the species. Thus, the caudal 

fin was found to grow fastest in Aldrichetta 

forsteri and slowest in Spheroides richei, 

which becomes significant ,,,hen it is remembered 

that Aldrichetta forsteri has its distribution 

in open waters, has.excellent mobility, moves 

in shoals, and makes long migrations; while 

Spheroides richei inhabits rocky shorelines 

and bottom substrata, is sluggishly mobile, 

and never moves far at anyone time. The 

value of the constant a, therefore, seems to 

provide a means of indexing this caudal fin/ 

habitat felationship: the lower the values of 

a the faster the caudal fin growth. 

The analysis of a and b has been briefly 
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summarized and discussed in Sections 3 and 7. 

It is concluded that, contrary to the majority belief 

the author is of the opinion that the parameter a 

does have definite biological significance, whether 

directly or indirectly. Thus, Jerison's usage 

of the constant a as a cephalization index, and 

Matsuda's usage for taxonomic and between species 

comparisons, are both considered to constitute 

biological applications of the constant a. As 

was mentioned above, the parameter a may be 

useful in showing relationships between caudal 

fin growth and the habitats and mobility of 

fish .species. Further, the fact that the 

constant a acts as a modifier of the parameter 

b, must give it some biological importance. 

The parasitic infections of the major fish 

species, e.g., Hhombosolea plebeia, Hhombosolea 

leporina, Peltorhamphus novaezeelandiae and 

Aldrichetta forsteri, were found to be present 

throughout most of the investigation. Whether 

these parasites were of estuarine origins is 

still uncertain, since in all cases, the complete 
<) 

life cycles are unknown. Since X.... and analysis 
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of variance tests on the permanent fish species 

showed heterogeneity of population, i.e., 

migrations being a continuous and important 

feature of the fish species distribution, then 

there is an equal possibility for the parasites 

having oceanic origins. 

2610 



SU1VIMARY 

1Q The estuary is a complex environment of 

changing temperature, deposition of river material, 

high and low current flow', and aalini ty 

variations. It has a 'triangular shape \vi th the 

inward sea current entering from the south, 

the Avon River from the north, and the Heathcote 

River from the west. 

2. The physical factors are discussed as fully 

as was made possible by such a short period of 

investigation. It was found that temperature 

was more effective than salinity in controlling 

the type of species utilising the estuary 

throughout the seasons. . Pollution affected 

the low tide distribution of most fish species, 

although this effect tapered off slightly at 

high tide. 

The estuary was classified into habitats for 

comparison with the fish species movement. 

A description of these habitats can be found 

in Section 1. 

3. the 29 fish species found inhabiting the 

estuary, 11 species were permanent while 17 
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were seasonal. For details refer to the Species 

Table (Appendix 2,p.2 77) • 

4. All the species were found feeding in the 

estuary. Six species were carnivorous on other 

fish, e.g., Salmo trutta, Arripis trutta, 

Physiculus bacchus, Thyrsites atun, Geniagnus 

monopterygius, and ~eptoscopus angustice~; 

while the other 23 were either herbivorous on 

algae (fresh water or marine), scavengers, 

detritus and mud feeders, or omnivores, on 

anemones, algae, mollusca, polychaetes, and 

crustaceans. Most of the carnivorous species 

also consumed crustaceans and mollusca. Starch 

grains and daphnia (Monia spp.) were consumed 

by Aldrichetta forsteri. Hydrozoans and 

ascidians were occasionally located in the 

stomachs of certain specimens of Anguilla 

australis, Tripterygion nigripenne, Pseudolabrus 

celidotus and Rhombosolea leporinaQ 

5. Seven fish species were known to breed in 
' .. 

the estuary, e.g., Spheroides richei, Rhombosolea 

plebeia, Rhombosolea leporina, Peltorhamphus 

novaezeelandiaer~Aldrichetta forsteri, 

Tripterygion nigripenne and Gobiomorphus basalis 
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while others, such as Geniagnus monopterygius 

Trachelochismus pinnulatus, and Acanthoclinus 

guadridactylu~, were thought to perhaps breed 

within the estuary confines. The rest of the 

19 species did not spawn in the region. 

60 The analysis of populations were carried 

out on a number of species using statistical 

methods and the length-frequency method. 

Details. may be found in Section 3 pp.72 -127. 

Analysis of weight and length measurements for 

certain species gave results that proved weight 

was a function of length cubed, and that the 

least squares regressions could be used to 

predict future weight/length relationships. 

The mean instantaneous growth rates gave 

graphed evidence for any change in body 

proportions or changing specific gravity. 

The exponential formulae, so formed in 

Section 3 D ,could be used by future 

workers for comparative work on separating 

different populations of the same species from 

the New Zealand coasts. From these formulae 

also, may be computed the mean weights of any 
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length class for the species under study. 

Computation of the caudal fin growth to that 

of the body length, in four species, gave 

evidence for a direct correlation of caudal fin 

growth with the type of habitat occupied. 

7. Parasites were noted when found. Section 

6 p 233 gives their occurrence and incidence 

of infection. Trematodes, nematodes, and 

acanthocephalans, \V'ere the most abundant 

parqsite species foundo 

80 A brief account of the biological significance 

of a and b, with emphasis on fish populations, 

has been given in Section 7. However, a great 

deal of work has yet to be accomplished in this 

fiefd of research. 'Evolving mathematical 

formulae should not override the importance 

of the biological interpretations placed 

on these formulae 0 
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APpgNDIX, 1 

17/12/65: Shoreline sa~p1es using dip nets. 

18/12/65: Shoreline samples using dip nets. 

10/1/66: Use of otter trawl at the following 

locations: 3B, 3A, 5A, 3, 

14/2/66: Samples in Monck's Bay using beach seine. 

" 15/2/66: Shoreline samples using dip netsQ 

15/2/66: Samples in ]\1onck's Bay using beach seine. 

17/2/66: Samples in Monck's Bay using beach seine. 

8/4/66: Samples at Shagrock Shoreline, Dyers 

Road bridge, Linwood Avenue culvert, 

Charlestone drain ~ using dip nets. 

18/4/66: Samples in Ivlonck' s Bay using beach seine. 

19/4/66: Samples in Monck's Bay using beach seine. 

20/4/66: Samples at beach seine station x4. 

21/4/66: Samples at beach seine station x4. 

22/4/66: Samples at beach seine station x4. 

The beach seine samples during 1966 were 

collected with the help of the Marine Department, 

during \vhich time three addi tional species were 

located: Trigla kumu, ?ippocampus abdominalis, 

and Nustel antarcticus. 



PEl~lANENT SPEClf":S: 

1. Family: Pl~uronectidae-

Rhombosolea plebeia: P~lvic fin of eyed-side only 

present; body evenly coloured brown, light brown, 

and with blind side colourless or yellowish; 

body diamomshaped; has chameleon-like colour 

property (Manikiam, 1964). Called: sand 

flounder, diamond, dap, square, tinplate, flat, 

three-cornered flounder. Total numbers caught 

2742 (adults) and 19 juveniles. Methods of 

capture: beach seine, otter trawl,- dip net. 

Rhombosolea leporina:: Same characteristics as 

Rhombosolea plebeia, except shape is oval and snout 

normal (as distinct from Rhombosolea tap±rina 

\vhich has pointed snout). Dorsal colour varies 

from dark-brown to dark-greenish brown, with 

ventral surface yellow (Manikiam, 1964). 

Called: yellow-belly. Total numhers caught = 

340. 1\'Iethods of capture: heach seine, otter 

trawl. 
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Peltorhamphus novaezeelandiae: Both pelvic 

fins present; pelvic fin of eyed-side united 

with anal fin; origin of dorsal fin in front 

of eyes; mouth hidden on eyed-side by hooked 

snout flap (Manikiam, 1964). Called: common 

"sole H
, New Zealand "sole ll

, English "sole". 

Total numbers caug;ht 206. Methods of 

capture: beach seine, otter trawl. 

2. Family: Nugilidae-

Aldrichetta forsteri: First spine of the 

anterior dorsal half way between tip of snout 

and base of caudal fin; iris yellow; body 

has bright blue and green colouring dorsally, 

with undersides silvery; scale deciduous 

(Thompson, 1956). Called: yellmv-eyed 

mullet, "herring". Total numbers caught 

1587. Methods of capture: gill netting, 

beach seine, otter trawl. 

3. Fami Pei';cidae -

ArriEis trutta: Long, continuous dorsal fin, 

the anterior portion of 9 - 10 spinous rays 



(4th the longest), while the posterior portion 

has 16 soft rays; anal fin about half as long 

as soft dorsal; tail deeply forked; pectoral 

fin fairly small, directly above ventral fin; 

colour greenish-gray dorsally with spotted 

blue and black markings, underside white 

(Pa~rott, 1957; Moreland, 1963). Called: 

If sea trout ", kahawai, kopapa.. Total numbers 

caught = 215. Methods of capture: otter 

trawl, beach seine. 

4. Family: Labridae-

Pseudolabrus celidotus:. Body elongated; 

moderately compressed, being covered with large 

scales; snout pointed; dorsal fin long, 

anterior portion 8 - 9 spinous rays, with 

10-12 soft rays posteriorly; anal fin has 

3 spines in front of 11 - 12 soft rays; 

pectoral fin large; 

(Parrott, 1957). 

caudal fin square cut 

Called: guffy, spotty, 

kelpie, butterfish, paketi. Total numbers 

caught 125 adults and 9 juveniles. 

I''Iethods of capture: line fishing, beach seine, 

otter tnawl, baited dip net. 



50 Family: Gadidae-

Physiculus bacchus: Mouth large; eye large and 

near upper profile of head; barbel below chin; 

teeth small, sharp, in bands in both jaws; 

no teeth on tongue or roof of mouth; head and 

body entirely covered by. sc es; colour grey 

with reddish tinge and irridescent bluish 

markings dorsally; pinkish underparts. 

(Parrott, 1957). Called: red-cod, yellowtail, 

haddock. Tot numbers caught = Methods 

of capture: otter trawl, beach seine, angler 

line. 

60 Family: Gobiescoidae-

Trachelochismus pinnulatus: Body moderately broad 

anteriorly and depressed; skin tough and 

scaleless; gill covers have deep excavation on 

posterior border plus spine at angle; dorsal 

fin 10 rays and is near caudal fin; anal fin 

4 rays, situated under posterior third of 

dorsal fin. Sucker bn ventral side, between 

ventrals, is broad, with posterior part of disc 

overlapping sides of fish and suspended at 

corocoid bones; colour vvaries from red, olive 
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green, brown or gray dorsally and yellowish, 

white or dark ventrally (Parrott, 1960). 

Called: clingfish. 'Total numbers caught 

6. Methods of capture: dip net, beach seine 

(entangled), otter trawl (under broken shells)Q 

7. Family: Blenniidae-

'Tripterygion nigripenne: First dorsal fin has 

5 - 7 spines, the second dorsal 19 - 22 spines, 

third dorsal 13 - 16 rays; anal fin has 24 - 28 

rays; lateral line has less than 20 scales in 

it; has supra-orbital tentacle; scales reduced 

in region above pectoral fins and behind the eye 

(det. N. Darby, 1966, plus pers. comm.). 

Called: cockabully, hvister, three-finned 

blenny_ Total numbers caught = 44. Methods 

of capture: dip net. 

8. Ii'amil:y: Acanthoclinidae-

Acanthoclinus guadridactylus: Dorsal fin long 

with fleshy,~e or white tip; 3 lateral 

lines, lower one branched; dorsal fin 23 - 24 

rays; pelvic fin anterior to pectoral fins; 

pectoral fins moderate size and fan-shaped; 
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hea.d without scales; jaws have slender te.eth; 

colour usually blabk, with grey or pale spots on 

sides (Graham, 1956). Called: rockfish, rockcod, 

butterfish. Total numbers caught = 4. Hethod 

of capture: dip net. 

9. Family: Eleotridae-

Gobiomorphus s~. (basalis - Stokell) Colour 

usually moderate grey with speckle markings; 

males darker, dorsally, than females; has 7 

rays on first dorsal, 10 or 11 on second, both 

·doraals usually rounded in· outline; head 

covered with small scales (Stokell, 1955; 

Woods~ 1963). Called: bully, common bully, 

toi toi. Tota.l numbers caught == 138. I'<1ethods 

of capture: dip net o 

SEASONAL SPECIES: 

10 Q F'amily: Trachinidae-

Geniagnus monopter,ygius: rlassi ve, dOIlS'illy flattened 

. head; eyes dorsally located; long anal fin; no 

strong forward spine in front of.each ventral fin; 

pectoral fins large; ventral fins anterior to 



pectorals; colour is dark brownish grey above 

with large pale oval markings alongside; 

tentacles on chin act as lure (Parrott, 1960; 

Moreland, 1963). Called: spotted stargazer, 

catfish, dogfish, monk Toal numbers caught = 

6. Methods of capture: beach seine, otter 

trawl, dip net. 

Leptoscopus angusticeps: Length 8 times height 

or 4t times breadth; eye not dorsal but on 

side ridge; mouth oblique with lower jaw longer 

than upper; dorsal fin low, of 33 rays; anal 

fin has 39 rays commencing under basal third of 

pectoral fin and extending closer to base of 

caudal fin than dorsal; head scaleless; lateral 

line commences above gill covers;, above lateral 

line body brown with darker spots and blotches, 

beiow line mainly white (Parrott, 1960). 

Called,: stargqzer, sandfish. Total numbers 

caught =: 4. Methods of capture: beach seine. 

110 FamilY: Tetrodontidae (see G.V. 

Nikol'skii 1962) 

Spheroides richei: Body stout; no spines; anal 

and dorsal fins situated posterior on body; 
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teeth shaped like parrot, 4 large teeth in front; 

no pelvic fin; inflats when disturbed; colour 

dark - olive green on back plus large spots, white 

underside (Ivloreland, 1963). Called: blowfish, 

globefish. Total numbers caught 285. Methods 

of capture: otter treud, beach seine, angler line Q 

12. Family: Salmonidae-

Salmo trutta: Maxillary longer than snout extending 

to below posterior margin of orbit in adults and 

to behind middle of eye in 6f!specimens; tail 

not elongated, covered with thin short rounded 

scales as on body; 14 - 15 scales in a transverse 

series running from behind adipose fin obliquely 

forwards to the lateral line (Hutton, 1872), 

Called: brown trout, "sea" trout. Total 

numbers caught = 14. Hethod of capture: beach 

seine. 

13. Family: Anguillidae-

Anguilla australis: Dorsal and anal fins similar 

lengths (l'1oods 1963); lower jaw longer than upper; 

vomerine band of teeth short; colour brown 

or alivaceous brown dorsally and white ventrally 
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(Hutton, 1872). Called: short-finned eel, tuna. 

Total numbers caught 40 adults and 45 juveniles. 

Methods of capture: beach seine, otter trawl, 

dip net (juveniles). 

AnguillCl-l 'dieffenbachi: Dorsal fin 1 - 1t times 

body depth longer than anal; patch of vomerine 

teeth tapers to point and extends back as far as 

band of teeth on each side of jaw Ovoods, 1963). 

Called: long-finned eel. Total number caught 

1. JVlethod of capture: dip net Q 

14. Family: Galaxiidae-

Galaxias attenuatus: Narrow muscular tail region; 

angular anal fin; spotted or mottled pattern on 

a silver background (adult), or white or Silvery 

(juvenile); lack of scales; no adipose fin 

(l100ds, 1963); anal fin of 16 rays; caudal fin 

deeply forked (Stokell, 1955). Called: whitebait, 

1nanga, hiwi. Total numbers caught 199 

(adufts and juveniles). Method of capture: dip 

net. 

15. Family: HetroEinidae -

Stokellia anisodon: Colour is silvery with shiny 
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blue glint in females, darkening in males; 

front jaw' bone almost as long as mouth (distinguishes 

it from all other smelts). (Woods, 1963). Called: 

smelts, paraki. Total numbers caught ~ 1. 

Method of capture: dip net. 

16. Famill; Cirrhitiidae-

Latridopsis ciliaris: Dorsal fin of long spinous 

portion, and long soft rayed portion, - base 

length of each equal; anal fin similar t.o soft 

~ayed dorsal fin but has shorter base; caudal 

fin deeply forked; teeth short, slender, pointed; 

colour silvery with dark blue along back 

(Parrott, 1957). Called: moki. Total numbers 

caught = 6. ]"'l.ethods of capture: otter trawl, 

beach seine. 

l1eporhamphus ihi: l":longation of lower jmv; body 

slender and compressed; dorsal and anal fins 

similar in size and form, near caudal fin; 

caudal forked; colour darkish blue - green on 

back, paler on undersides with briP'ht 
(:':) silvery 



band running along sides of body (Parrott, 1957). 

Called: garfish, piper, guard fish, half beak, 

ihi, takeke. Total numbers caught 

of captlu~e: beach seine. 

18. Famill: Trichiuridae

'l'hlrsi tes atun: Heaet' long; body 

1. Hothod 

times length 

of head; 3 pairs of strong; teeth in upper jaw; 

first (lorsal high and long U"loreland, 1963; 

Hutton, 1872). Called: couta, barracouta. 

Total numbers caught 

angler line. 

1. Method of ,capture: 

19. Family: Triglidae-

Trigla kumu: Large pectoral fins~ greenish 

colour makked \vith Sky-blue spots; scales on 

body large; spiny scute on base of 1st and 2nd 

dorsal fins (Parrott, 1957). Called: red 

gurnard, New Zealand gurnard, kumu lcumu, 

"grO\vlers" • Total numbers caught = 4. 

Method of capture: beach seine. 

20. F'ami l;y: Bovi cll thyi dae -

Bovichtus variegatus: Body small, cylindrical; 



body scaleless except for spot near base of 

pectoral fin; anterior dorsal has 7-8 spines, 

posterior dol'S 17-21; anal fin shorter along 

base than second dorsal, of 14-18 rays; pectoral 

and ventral fins large; long spine directed 

upwards and backwards from gill covers behind 

the eye (Parrott, 1960). Called: horny, 

thornfi Total numbers caught 1. 

Method of capt.ure: dip net. 

210 Family: Syngnathidae-

Hippocampus abdominalis: Tail prehensile; no 

caudal fin; trunk compressed, of 10-12 rays; 

shields with prominent tubercles; occiput 

compressed into a crest; pectoral fins 

present; dorsal fin extends over 6-7 rings 

(I-Iutton, 1872). Called: llsea horse H
, 

kiore, manaia. 'rotal numbers caught 1. 

IV{ethod of capture: beach seine Q 

22. Family: Galeorhinidae 

Mustelus antarcticus: Spots on body light; 

pectoral fins shorter than r·lustelus lenticulus; 

1st, gill is longest of five; teeth pavement-like 
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(Parrot t, 1958). Culled: ri ,flake, gummy 

shark, smooth houn~. Total numbers caught 1. 

Method of capture: beach seine. 

23 0 Family: Eleotridae-

Gobiomorphus huttoni: Distinctive stripes on head, 

one stripe passing back from lips across eye, 

while 3-4 cross cheeks and gill covers; has 

6 rays on first dorsal, 9 on second, both 

dorsals being rhomboidal in outline; head 

covered with small scales (Stokell, 1965; 

Woods, 1963). Called: bully, redfinned bully. 

Total numbers caught = 2. 

dip net. 

I"'lethod of capture: 

Gobiomorphus gobioides: Largest of bullies, 

6 - 8 inches; has long lower jaw; 6 rays to 

first dorsal; dorsal fins rhomboidal or ~ounded; 

colour ranges from dark-olive or black to grey 

with darker speckling (Woods, 1963; Stokell, 1955). 

Called: large bully, giant bully. Method of 

capture: dip net. 
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APPENDIX 3: 

500 

400 

Numbars 

of 

Spacimens 300 

200 

100 

ALDRICH ETTA 

,/' 

MAY
JUNE 

JULY
AUG. 

Months 

/' 

SEPT.
OCT. 

289(a) 

FORSTE R I-total catches 

(two monthly samples) 

NOV.

DEC. 



Hhombosolea plebeia: ( 
'- , 
Ii) 

Source Sum of 
sguares, 

Between seasons 365,121 

Within seasons 4,133,038 

Total 4,498,159 

F = 

Analysis of Variance 

4 

4045 

4049 

== 89.341 

f'iean 
sguare 

91280.2 

1021.7 

1110.9 

~" C iVi. • ).J • 2 

(B) Duncan's Test 

-
2 3 Ii 5 

Table value 2.77 3.31 3.63 3086 

Table value x S-x * 3.76 405 4Q93 5.24 

* Least significant range 

Rhombosolea leporina: (A) Analysis of Variance 

Source Sum of i). Ii'. Mean ---sguares sguare 

Betw"een seasons 34,987 P"} 11,662. <) 

thin seasons 925,752 353 2622.5 

Total 960,739 3.56 2698.7 

}I' 4.44 
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(3) Duncan's Test: 

2. 3 4· 

TalHe value 2.77 3031 3.6 

Table value x s-x * 15.8 18 0 9 20 0 5 

* = least significant range 

Peltorhamphus novaezeelandiae: (A) Analysis of Variance 

Source Sum of D.F. Mean 
squares Square 

Between seasons 30,246 4 7561.5 

vii thin seasons 225,307 191 1179 0 5 

Total 255,553 195 1310.5 

F = 6.41 

(B) Duncan's Test 

2 I 3 ~D 
Table value 2 .. 77 3.34 3.65 3'1 85 

Table value x (' * 15 17.9 1907 20.9 iJ-
x I I 

* - least significant range 

Aldrichetta forsteri: (A) Analysis of Variance 

Q >-Jource 

Between seasons 

Sum of 
("! Dguares 

D' H' 
• L • 

'. 1 f' 340 

(Contd. ) 
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(Contd.) 

Source 

Within seasons 

'rotal 

Sum of 
Squares 

686,750 

720,771 

(B) Duncan's test 

2 

Table value 2.77 

Table value x S-x * 3054 

D.F. "[I·lean 

1371 50009 

1374 524.5 

F =22 

3 4 

3.31 3.63 

I 4. 2~3 4.64 

* least significant range 

Arripis trutta: (A) Analysis of Variance 

Source Sum of D.lt', ]\1ean 
Sgu~ Square 

Between seasons 337,219 5 67,443.8 

'~H thin seasons 331,905 209 1588 

Total 669,124 214 3126 

1" := 42047 

(D) Duncan's test 

2 :3 4 5 9 'fable value 2.77 3.31 3 0 63 3.86 4.03 

'rable value x s-x 
16.86 20.15 22.1 23.5 24,,5 
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Pseudolabrus celidotus: (ll) Anal;ysis of Variance 

Source D.P. Mean 
Sguare 

Between seasons 4,462 4 1115.5 

Within seasons 54,456 119 457.6 

Total 58,918 123 

fi' 2.43 

Tripterygion nigripenne: (A) Atial;ysis of Variance -

Monck's Bay 

Source Sum of 
Squares 

Between seasons 1334 

iH thin seasons 

Total 

4488 

5822 

F = 3.71 

D. F •. 

2 

27 

r1ean 
sguare 

667 

179 0 5 

215.6 

(B) Anal;ysis of Variance .... Honck' s Bay and 

Redcliffs shoreline 

Source .-Sum of D. F' • fvjean 
S"guares Sguare 

Between seasons 4175 2 2037 

Within seasons 3616 35 103 

(fotal 7791 37 210.5 

F=19.77 
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Gobiomorphus basalis: (A) Analysis of Variance -

Linwood Avenue - Charlestone Drain. 

Source Sum of D.P. Nean 
Squares Square 

Between seasons 242 2 121 

\11 thin seasons 15033 60 250 

Total 15273 62 246 

.F' .. 48 

(8) Analysis of Variance - Dyers Road 

Bridge shoreline 

Source 

Between seasons 539 

Within seasons 18,903 

Total 19,442 

F '" 1.083 

2 

76 

78 

l\1ean 
square 

269 .. 5 

24807 

Spheroides richei: .(li.) Analysis of Variance 

Source Sum of D.F. l\1Iean 
Squares 

Betw'een seasons 4,514 3 1504.6 

Within seasons 155,122 221 701.9 

Total 159,636 224 712Q6 

F :::: 2.142 
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APPENDIX 5(a): FOOD CHAIN- CENTRAL ESTUARY and MONCK'S BAY 
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APPENDIX 5(b): FOOD CHAIN--SHAGROCK-MONCK'S BAY-REDCLIFFS SHORELINE 

r~"T~d~1= lARUS DOMINICANUS,lARUS NOVAEHOLlANDIAE 

.... 
~ ., 

oL-_--- ./ - - - - ....J J, _'A-: t;. Ott a ~~Ph~od;' I young A.fOrSter~i l~~ L 

~IMollusca _____ I 

?=:::---- I Tpinnulatusl~ -.........----h -- . . ---I p. haec u -- -- I A gae - _ ..,..... ~ _ _ 14 l. __ _ \ 
U d \~t..:.. - T r'llgrlpenne I .. , u \ _ _ -,.a --L.;. 

\ 6 ~~ly: ~ete~, 
\ 

and ______ _ 

\ IShrimps • 

\ 0 e t r i t u s "'-- :. = -=- --=IP::-=- -jX 7/ 
'---- -~LAl9" _~7 _ ~ 

~L-H~d'O~ IA.qoad,idactyluSl ~ [c.!abS~ L:::-__ =-! 
. IAmph;Podsl 1_- __ 

a iT u t t P, -;; e TT dot us-I 
1- _ - I 



APPENDIX 5(c): FOOD CHAIN-FRES WATER STREAMS(outlets) 
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AP ND!X 5(d):FOOD CHAIN DYERS Rd. BRIDGE SHORELINE 
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APPENDIX 6 

GENEH.lI,J, GONAD DE3CHIPTION (after Bo\vers, 1954) 

Hale: 

F'emale: 

I Immature - testes small, no sperm. 

II l\1ature unripe - sperm extruded on 

cutting and squeezing. 

III Ripe - as above, but testes enlarged 

and lobate. 

IV H,ipe running - as above, but milt 

extruded on pressure. 

V Spent - testes crinkled and shrunken, 

little sperm left. 

I Immature - ovaries very small, translucent, 

eggs microscopic. 

II Female mature unripe or Virgin maturing -

ovaries small to moderate, eggs 

microscopic, ovaries often translucent. 

III Nature ripening - ovaries of moderate 

size, eggs visible, opaque. 

IV Nearly ripe - ovaries enlarged and 

distended, eggs clearly visible, opaque. 

V Ripe - ovaries enlarged and distended, 

tunica bursts easily, some eggs transparent. 

VI running - nearly all eggs transparent, 

eggs extruded on slight pressure to flank. 
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VII Spent - ovaries flaccid, shrunken, and 

with some residual eggs. 
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) 

7 

(for Hhombosolea plebeia, iihombosolea .1eporina, 

Aldrichetta forsteri) 

I Testes small, as in female. Sperm bodies 

not discernible unless under microscope; 

in RhombosoleaJ.;eporina usually coloured 

black or blue black; in other species 

translucent. 

II Testes enlarge slightly. In flounders, 

not as big as in female, 

long and 2-3 m.m. wide. 

about 10 m.m. 

In the Mullet, 

60 m.m. long with width increasing to 

1-2 m.m. Testes tending to lose 

translucent colour and becoming \vhi tish; 

density of sperm bodies increases. 

III Testes enlarged and lobate (internal 

structure): testes very white. In 

Mullet, length increases to 65-75 m.m. 

and width to 5 m.m. flounders, length 

increases to 35-45 m.rn. with width 

10-15 m.m. erm extruded on cutting 

and squeezing. 
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3) Female: 

IV Testes reach maximum size. In Mullet, 

length increases to 80-85 m.m., width 

10-12 m.mo; testes very white. In 

flounder, testes length about 60 m.ma, 

with width increasing to 20 m.m. 

Testes triangular shaped in flounders. 

Sperm extruded on pressure when alive. 

V Testes shrunken and crinkle~ a little 

sperm left; slowly reverts back to 

I or II. 

I Ovaries small; 1-2 m.m. long in flounders, 

40-50 m.Ill. long in mullet, butlvith 

width less than 1 m.m. mioroscopic 

but discernible under 500 mag. (binocular) 

as very small, rounded, discrete bodies, 

few in number. 0 "Q:rrtes are translucent, 

may be slightly bloodshot. 

II Ovaries en~arged; 15-20 m.m. in flounder 

and m.m. wide: 50-60 m.m. long in 

mullet with width increasing to 2 m.m. 

clearly discernible under 500 mag., 

but still very small. Ovaries 

translucent, may be bloodshot; a few 

es ar in the eggso 
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III Ovaries enlarged and translucent; eggs 

increase in size, granules concentrate 

in the centre and become dense, with a 

surrounding clear outer layer. In 

flounders, ovaries increase to L1-0-50 

m.m., width approximately 15 m.m. 

(has now a definite triangular shape). 

In mullet, length increases to 70-80 

m.m., with width about 4 m.m. Ovaries 

mayor may not be bloodshot. 

IV Ovaries enlarge and distended. In 

flounders, length increases to 80-90 

m.m. and the width to 20-25 m.m. In 

the mullet length usually the same as 

III, but may increase to 90-100 m.m., 

with the width distendiryg toB-l0 m.m. 

Eggs begin to differentiate a cortical 

zone, surrounding a large, dark, gran

ulated central region" Number of 

differentiating eggs only about 10% 

of total egg mass; rest of eggs a 

mixture of II and III stages. A few 

ovaries start developing an orange or 

yellow discolouration. 
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V An extension of IV. Lengths of ovaries 

for flounders and mullet, same as in 

IV: width of flounder ovaries extend 

to 30-40 m.m., while that for mullet 

extend to 15 m.m. Eggs having a central 

mass plus a cortical zone make up about 

50-60% of the total e~g mass; rest of 

eggs a mixture of stages III and IVo 

Colour of ovaries; turning orange or 

orange-yellow": differentiating eggs 

have a narrow cortical zone, and a 

large, dark granulated central area. 

Tunica easily burst at this stage. 

VI Ovaries remain same length as in V but 

width increases with swelling eggs. 

In flounder, width may be 35-40 mom. 

ile in the Illullet, this:qtay reach 

20 m.m. About 95-100% of the eggs are 

mature and differentiated; rest at 

stage V. Eggs extruded on pressure 

(live mat~rial); eggs may have 

enlarged so much that pressure against 

each other distorts the egg shape. 

Ovaries are a distinct orange, red or 

orange-yellow colour, having a very 

spongy consistencyo 
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VII Ovaries have collapsed, flaccid, or 

shrivelled in appearance, few residual 

eggs being present. Quickly re~erts 

back to stage II~ 

N It should be noted that throughout the 

investigation, sexual maturity indic ed as 

I-II or III-IV meant that the actual stages 

\VeIle uncertain, but that the maturity lay 

somewhere in between. 

Other notes concerning maturity within the various 

fish species are as Iollows: 

1. The width measurements for the Ilounders 'vere 

taken from the widest part OI the gonad, since the 

shape of both male andfemale gonads were triangular. 

2. The specific gonad table for the mullet and 

flounders is an average one only, as extremes may 

occur, e.g., distortion, age, premature maturity, 

disease infection. 

3. Egg differentiation may differ in various species, 

e.g., in the mature Pseudolabrus celidotus the eggs 

are large and transparent 

dark central area. 

tend to lack the large, 

4. It was noticed that yOung mullet and flounders, 

when approaching their Iirst maturity season, tended 
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to have smaller gonads than dqpicted in the table 

above, while the eggs themselves matured at a smaller 

size. 

5. In Spher~ides richei the eggs tended to lo~e the 

dark granular centre at , and become visible to the 

naked eye as rounded transparent bodies. Lengths of 

the ovaries in Spheroides richei, at maturity, averaged 

50-60 m.m.', depending on the size of the individual. 

Testes appeared to be slightly smaller than the ovaries, 

both in width and length. 

6. The mature ovaries of the Gobiomorphus basalis 

Tripterygion nigripenne, and Pseudolabrus celidotus 

were noticed to expand to such an extent that they 

occupied close on t of the abdominal cavity_ 
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During the investigation a number of observations 

were made on various behavioural patterns of the sh 

ecies, and of other points of interest. Hes 

into these topics was not possible owing to: (a) 

lack of suit Ie equipment, (b) insufficient time 

available. These observations were as follows: 

1. It was noticed that the best catching time 

for the flatfish, Rhombosolea plebeia and Rhombosolea 

leporina, occurred at low tide (li hours before to 

lt hours after the ti change). Although flounders 

were caught throughout the tidal cycle, there was 

a definite sl:Iffl\pling; at low ti ,which decreased 

rapidly ;,vi tIl the approach of high tide. It 

assumed that this inconsistency was caused by the 

flat-fish burying themselves in the mud for most 

of the t cycle, while using the Imv tide ges 

in which to accompli their main ly migrations. 

2. The flesh of both Rhombosolea 

and ,caught the central 

estuary, was found to be tainted with a bitter taste, 

while on heating the flesh gave off a distinct odour 
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It was thought that pollution from the 

Heathcote and Avon channels, e.g. factory wa~tes, 

decaying vegetation, and sewage products, was the 

cause for this apparent abnormal chemical concentration, 

since flounders caught in !'lonck IS lacked the 

tainted fIe 

5. On the 14/10/65, there was reported by 

Mr. M. Hitchell a large quanti of paralysed or 

dying fish in the estuary below the Heathcote dge. 

The \vater was a chocolate colour and emi tt a strong 

odour of The fish affected were young Nullet, 

Hhombosolea plebeia, Hhombosolea leporina, Elnd 

whitebait. It was concluded that the cause 

originated from the operation of a dragline scoop 

working in the estuary near the Linwood Avenue 

culvert. It is thought that the,mud".When~mixed 

with the athcote River, ws.t into suspension, while 

the poisonous gases of decay dissolved into the 

water, thus incapacitating the I 
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