






















DRIFT OF PLANKTONIC FISH EGGS

From the moment of fertilisation a fish egg drifts
passively with the current. At the same rime, by eddy
diffusion processes, there is an increase in rhe distance
between individual eggs from one spawning (that is,
the number per unit volume decreases (Hirano 1965)).
Even after hatching, passive drift must continue
beyond yolk-sac absorption until the young fish is some
centimetres long and able to make appreciable
movements against the current.

The total distance drifted by the early stages will
depend on the variations in current velocity caused by
differences in position with respect to the main flow
and by winds, tides, or bottom topography. Although
the velocity is variable, it is of interest to calculate the
approximate distance drifted by the young stages of
various species, since the distance may give an
indication of the extent of adult spawning migrations
and the fate of the eggs or larvae.

Although the actual rate of drift cannot be
determined, an approximation can be obtained by use

of the velocity values for the Southland Current
observed over the shelf off Otago. The value used
(14.9 cmls) is the average of the mean velocity at 20 m
measured by current meter off the Otago coastline and
the mean minimum surface velocity obtained from
drift card recoveries.

The length of time for which a frsh species remains
planktonic obviously varies from one species to
another and with temperature and food availability.
As an approximation, a figure of 100 days was used by
F¡aser (1958) for frsh in the North Sea. Since New
Zealand, waters are warrner than the North Sea, a
value of 90 days is used here as an estimated average
drift period for most species of fish. The distance
travelled during a period of 90 days at an average
speed of 14.9 cm,/s is l16l km or 626 nautical miles,
and if this distance was linear and parallel to the
coastline, it would equal the distance between Nugget
Point and Mahia Peninsula. Some possible distances
drifted by various species as eggs and yolk-sac larvae at
a speed of 14.9 cmls are shown in Table 20.

Many fish exhibit a contranatant spawning
migrati,on with a subsequent down-stream drift of eggs
and larvae to nursery areas where large numbers of
young fish develop into juveniles. During the period of
drift, eggs and larvae have been considered by many
authors (for example, Fulton 1897, Walford 1938,
Frase¡ 1958, Bishai 1960, Colton and Temple l96f ) to
be vulnerable to mass mortality due to the vagaries of

water movements, particularly around island systems
washed by oceanic currents. The maintenance of
benthic invertebrate populations by the retention of
planktonic la¡vae in insula¡ eddy systems is discussed
by Orton (1937) and Boden (1952) and that of fish
populations by Saville (1965). Saville considered the
effect of changes in wind-induced surface currents on
the larval populations of several species of fish and
concluded that only on rare occasions in relatively
small or isolated areas, such as Faroe or Georges
Banks, could abnormal wind conditions displace the
planktonic eggs or larvae to the extent of diminishing
the year class strength. The effects of currents on year
class strength of species inhabiting off-shore fishing
grounds such as the Georges Bank, where it seems that
unde¡ average conditions most eggs and larvae are
carried away, are not understood. It is not yet
apparent how various species, such as the haddock
(Melønogrømmus aeglefinrr), which are planktonic to
a length of about l0 cnn, are able to ¡emain in the area
without being swept away by the currents (Colton and
Temple 1961).

The situation a¡ound New Zealand is such that all
of the major current systems transport water roughly
parallel to the coastline for some hundreds of
kilometres. These current systems (fig. 3) create small
localised eddies in the bays in the lee of coastal
projections such as the Otago Feninsula, Banks
Peninsula, Kaikoura Peninsula, Farewell Spit, and
Mahia Peninsula. That these eddies are important for
larval survival is borne out by the fact that many such
bays are well known nursery areas for a wide range of
fish species.

Eggs spawned in shallow, sheltered bays will
probably travel less distance in relation to their point
of origin than those released in the Southland Current,

TABLE 20: Possible distances drifted at hatching and at yolk-sac
absorption for various fish species

Species

Sþrattus antiþodurn
Auc heno ceros þunc tatus
Chelidonichthys kumu
C ongio þo dus leuc o þa e cilus
Pseud,olnbrus spp.
Paraþercis colias
Seriolella brømn
Rhontbosdlea þlebeia

* No data available.

Total distance drifted (km)
At yolk-sac

At hatching absorption

64
74
51

r33
64
74
49
63

142
r0r
165
164
llI
106
131
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and they may possibly spend their entire developmen-
tal period within an eddy system in a bay (for example,
Pegasus Bay). The tendency of many oceanic and
coastal currents to exist as moving eddies rotating
about their centres suggests that though young stages
of fish may drift about 116l km in 90 days, this
movement would almost certainly not be parallel to
the coastline. However, the complete absence of eggs
of many in-shore spawners from samples taken beyond
the mid shelf indicates that the eggs were either

retained within the eddies in bays or that their drift
was perhaps parallel to the coastline.

Until a greater understanding is gained of current
flow rates and the behaviour of eggs and larvae in the
water systems, as well as of the rate of circulation
within the eddies and the rate of flow around New
Zealand, only crude estimates of the extent of drift can
be made.

60



CONCLUSIONS

The examination of planktonic eggs from Otago
waters has enabled the definition of the spawning
areas and spawning seasons of local fish species. The
proportion of egg types recognised varied with samples
taken from different localities: for example, a total of
16 different species was represented in the Otago
Harbour samples and of these 13 species were identi-
fied; of the 21 kinds colìected in Blueskin Bay 15 were
identifrable; of the 59 species collected east of the
Otago Peninsula 16 were identifiable. The unrecog-
nised eggs were usually represented by very small
numbers per sample.

The most significant general conclusion emerging
from this study is the close relatiorship frequently
observed between the distribution and abundance of
eggs of different species and the prevailing hydrolog-
ical conditions. Thus some of the young stages of the
fish species which were recognised can be grouped
with respect to their spawning areas (Table 2l).

Within each of these areas the various species
probably exhibit further differences; for example,
flatfish spawn at or near the bottom, and sprat spawn
at or near the surface. Although the category "oceanic
spawners" is the smallest, in reality it would exceed the
othe¡ two in numbers of species, even if the rnembers
of the family Myctophidae were the only addition. The
single species in this category is a reflection of both the
coastal nature of sampling and the difficulty in
identifying the egg:s of oceanic species.

The affinities of different species for different water
masses is apparent in the ranges of temperatures and
salinities of the surface waters in which the eggs were
collected. The extent to which changes in hydrological
conditions may influence the distribution of the eggs

Neritic spawners

Shallow shelf
(0-40 m)

Sþrattus antiþod,um

P. fucicola
Rhombosolea þIebeia
P e lt o r hamþ hus notn e z e e lan d,ia e

P. tenuß
Pelotretis favilntus
* Probably slope spawners.

and perhaps the spawning adults is particularly
evident in the differences observed in Blueskin Bay
between 1970 and l9?l spawninç of sprat, ahuru,
spotty, and sole (see Figs. 23, 30, 47, and 63). The
shoreward intrusion of the warm, high salinity
Southland Current in winter and spring of 1971

¡estricted the occurrence of eggs of the above species to
the inner Blueskin Bay stations. The importance of the
zone of ne¡itic water for these species and others is
apparent also in Figs. 26, 33, 65, and 69, in which the
centres of abundance occur in the neritic zone. This is
true also for anchovy Engrøulis austrølis in the low
salinity surface waters of the Fiordland sounds
(Robertson 1973).

The hydrological observations off Otago emphasise
the influence of run-off from the major rivers (for
example, Clutha River) on the temperature and
salinity of the neritic zone. In view of the importance
of the ne¡itic zone as a spawning site for a number of
species, both commercial and non-commercial, the
effects of hydro-electric developments on the seasonal
dilution of coastal waters is a topic worthy of future
consideration, particularly in Nugget Bay and
Doubtful Sound. The latter area is now subjected to
the increased outflow of considerable quantities of
f¡esh water, which may be reflected in the survival of
the young stages of fish spawned in the fiord (for
example, anchovy and tarakihi, (Robertson 1973)).

A further geographical distinction can be made
with respect to the Otago coast. A number of species

(for example, anchovy, frostfish, pilchard, and
tarakihi) have been observed (Robertson 1973) to
spawn over a wide geographical area which excluded
the east coast water over the shelf south from Banks

Oceanic spawners

Over deep water
(>200 m)

Maurolicus muelleri

TÂBLE 2l: Areas of spawning of sone fish species of the Oøgo coast

Southland Cu¡rent spawners

Mid to deep shelf
(40-200 m)

C o elo¡lrync hus asþer c e þløltu I
C. aust¡øl:isr
Chelid.onichthys kumu
Mendosoma lineatum
Parøþercß colias
Seriolella b¡ama
Arnoglossus scaþha
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Peninsula to Dusky Sound (that is, including Otago
waters). Several other species were, however, more
abundant in this southern area (for example, sprat,
ahuru, blue cod, witch, and sole). This division is
probably a reflection of rhe cooling influence of Sub-
antarctic Surface Water, which extends north to about
Banks Peninsula on the east coast of the South Island.
The south-east coast is often depicted as lying south of
the Subtropical Convergence, but in this area the
Southland Front can be regarded as the Subtropical
Convergence; thus the South Island would be north of
the Subtropical Convergence, though the narrow
Southland Current is considerably cooled along the
east coast and is the least subtropical of all New
Zealand waters.

The consistent seasonal occurrence of the eggs and
larvae of various species in waters of distinct
characteristics presents the possibility of the use of the
more abundant species as indicators. For example, the
presence of sprat eggs could be useful as a seasonal
indicator of neritic water; witch and warehou eggs
might prove useful indicators of Southland Current
water, particularly where mixture with other water
masses has obscured the origin of the water or where
hydrological data are lacking.

Although some spawning activity was detected. all
year round in most New Zealand areas sampled by
Robertson (I973), there was a definite s"asonul
fluctuation in numbers of species spawning, the
highest numbers occurring in spring 1Èlg. ZS¡-. fnis
was particularly obvious in each of the arèas observed.

developing ar the time of year when the food supply is
greatest.

Qasim (1955), in his review on the seasons and

üuaUom 0l ilç httiltng Çyiltl 0f Northern

Hemisphere fishes, suggests (page 151) that "the
breeding cycles may be so regulated that the larvae
hatch during the season which is most favourable for
finding planktonic food . . .". On the north-western

Fig. 73: Numbers of fish species spawning at different times Òf the
year on each of the three Otago transects. A: Blueskin Bay
(4-T). S' F¿st of the Otago Peninsula (G-L). C: Otagó
Harbour (M-R).
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Atlantic coast Richards (t959) reported an increase in
number and variety of eggs and larvae throughout the
spring, with a summer peak, and similar situations
were observed around ttre British Isles (Mclntosh and
Masterman 1897), in the Bay of Biscay (Arbault and
Lacroix-Boutin 1969), in the Medirerranean off
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and in the south-west Atlantic (de Ciechomski t97la).
Thus a spring-summer spawning season is
characteristic of many coastal temPerate region fish
species.
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Too few seasonal observations have been made in
northern New Zealznd wateÌs to allow definite
statements regarding the north-south differences in
spawning seasons; however, north-south differences in
temperature would be expected to influence the time
and duration of spawning activity.

The areas of spawning described here for Otago

waters probably represent a portion of much b¡oader
spawning areas for the species considered. However,
for species of current or latent economic potential, for
example, common sole, lemon sole, blue cod, sprat,
and warehou, this study provides some of the basic
information necessary in the planning of future stock
assessment programmes which might include egg or
larval surveys.
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Concurrent examination of hydrological conditions
and planktonic eggs off Otago has enabled the
definition of the spawning seasons, spawning areas,
and hydrological affinities of t7 fish species. The egg
distributions reflect the presence of aggregations of
spawning adults in water masses of definitive
hydrological properties.

Observations on the vertical distribution showed
that eggs in in-shore waters are most abundant at the
sea surface.

SUMMARY
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Abundance, 28-55, 61, 62.
Ahuru, 3l-34, 56, 57, 61, 62.
Anchovy, 12, 58, 61.
Antarctic Intermediate Water, 16.
Arnoglossus booþs, 48.
A. scaþha, 47-50,61.
Auchenoceros þunctatus, 3f -34, 59, 6f .

Auckland Islands, 28.

Bank Peninsula, 38, 59, 61, 62.
Bay of Islands, 28.
Blueskin Bay, 12, f5, 16, 19, 21,23,28,

29, 30, 3r, 32, 33, 34, 38, 39, 40, 41, 42,
43, 44,50,51, 52, 53, 54, 55, 56, 57, 58,
67, 62.

Bothidae, 47-50.
Bothus ocellntus, 49.
Butter{ïsh, ll.

Canterbury Bight, 31, 34.
Cape Campbell, 31.
Cøranx georgianus,17.
Castlepoint, 47, 49.
Cauloþsetta scaþha, 49.
Central New Zealand waters, 31.
Centrolophidae, 46-47.
Chatham Islands, 52.
Cheilod,actylus macroþteru,s, ll.
Chelidonichthys kutnu, 36-37, ú9, 61.
Ch4tsoþhrys auratus, ll.
Cluþea þilcharl,us, ú8.
Clupeidae, 28-38.
Clutha River, 27,22,23,31, 36, 5ì, 61.
Cod, ll.
Cod, blue, 44-45, 57, 62, 65.
Coelorhynchw asþerceþhalus, 34-36, 61.
C. australis, 34-15, 61.
Colisteum guntherí, 49.
Congiopodidae, 38-39.
Congioþodus leucoþaecihu, 38-39, 59,

61.
Cook St¡ait, 39, 44.
Corid,odax þullus, 17.
Coryþhaenoid,es acroleþis, 35.
C. ruþestris, 36.
Currents, 16, 17,23-24, 59, 60.

Distribution, 28-55, 61.
Distribution, vertical, 12, 15, 56-58.
Doubtful Sound, 61.
Drift, 12, 24, 37, 55, 69-60.
Drift ca¡ds, 16,24, 21, 59.
Dusky Sound, 62.

East Cape Current, 49.
Engraulis australis, 72, 61.
E. encrasichohu,58.

Farewell Spit, 59.
Fertilisation, artificial, ll, 15, 37, 39, 43,

45, 50.
Fiordland, 44, 45, 4?, 61.
Flatfish,48, 61.
Flounder, sand, 11, 50,52,56.
Flounde¡, yellow-belly, 50, 52.
"Folsom splitter", 15.

INDEX

Foveaux Strait, 43.
Frostfish, 61.

Gas t er o cytn b a qua drira diat a, 12.
Geographical range, 12, 6l-62 (see also

Distribution).
Goat Island, 19.
Golden Bay, 34.
Gulf Stream, 49.
Gurna¡d, north-eastern Atlantic, 37.
Gumard, red, 36-37.

Haddock, 59.
Hauraki Gulf, 11, 36, 50, 62.
Hydrological affinities, 12, 61.
Hydrological observations, 16, 61.
Hydrology, 16-27, 30, 6r.

Kaikoura, 31, 62.
Kaikoura Peninsula, 59.
Kelp, bladder, 43.

Labridae,40-43.
Latridae, 39-40.
Leþid,otrigla brachyoþtera, 36.

Møcrocystis þyrifera, 43.
Macrou¡idae, 34-36.
Mahia Peninsula, 59.
Marlborough Sounds, ll, 31, 54.
Maurolicu.s muelleri, 31, 32, 35, 61.
Melanogrammus øeglefinus, 59.
Mendosoma lineatum, 39-40, 41, 61.
Migration, 23, 45, 59.
Milfo¡d Sound, 39.
Moeraki, 12, 16, 21, 22, 23, 33, 36, 40, 44,

48.
Moridae, 3l-34.
Mugiloididae, 44-45.
Munid.a gregaria, 15.
Myctophidae,6l.

Neritic water, 12, 16, 19, 21, 22, 23, 27,
28, 31, 33, 40, 45, 44, 46, 50, 5r, 52, 5ú,
56, 58, 61, 62.

Nets, plankton, 12, 13, 15.
Non-seasonal stations, 14, 16.
Non-seasonal transects, 12, 2l-23 (see also

Otago coast transects).
No¡th Island waters, 31, 47, 49, 52.
Northern Hemisphere fishes, 62.
Northem New Zealand waters, 43, 50, 63.
Nugget Bay, 52, 61.
Nugget Point, 12, 21, 22, 23, 28, 29, 33,

40,44,47,48, 5t, 53, 59.
Nyctiþhanes australts, 75.

Otago coast transects, 12, 14, 22,25, 26,
27, 28, 29, 30, 3r, 32, 33, 34, 35, 56, 37,
40,41, 44, 45, 46,47 , 48, 49,5t,52,53,
54, 55 (see also Non-seasonal transects).

Otago Harbour, 12, 16, 19, 21, 25, 28, 30,
33, 34, 38, 39,40,4r,45, 50, 51, 53, 55,
61,62.

Otago Peninsula, 12, 15, 16, 19,21,22,
23,28,29,30, 33, 34, 35, 36, 38, 39,40,
41, 44, 46,48, 49, 51, 53, 56, 58, 59, 61,
62.

Otago waters, ll,12,15,16, 31, 36, 37,
38, 39, 40, 4r,43,47,54, 56, 61, 62, 63.

Paraþercß colias, 44-45,59, 61.
P. gilliesü, 44.
Parrotfish, banded, 42-43.
Pegasus Bay,24,3f, 38, 52, 60.
Pelotretis flatilatus, 11, 52-55, 61 .

Peltorhamþhus, 50-52, 53.
P. Iatus, 50, 52.
P. noaaezeelandiae, 50, 52, 61.
P. tenuis,50, 52, 61.
Pigfish, 56, 57, 58.
Pigfrsh, southern, 38-39.
Pilchard, lf, 12, 58, 61.
Plankton nets, 12, 13, 15.
Pleuronectidae, 50-55.
Poor Knights Islands, 43.
Po¡tobello Marine Fish Hatchery, 11, 39,

45, 50.
Portobello Marine Laboratory, 11, 15, 21.

Poverty Bay, 3I.
Prionotus carolinus, 37.
P. evolans-strigatus, 37 .

Pseud,olnbrus, 59.
P. celid,ottts, 40-43, 6f.
P. fucicola, 42-43,60.
Pterygotrigl.a þicta, 56.
Puysegur Point, 16.

\rosoma atlønticum, \5.

Quarantine Island, 19.

Research vesselJames Cooh, 72.
Resea¡ch vessel Munid,a, 12.
Rhombosolea leþorina, 12, 50, 62.
R. þIebeia, ll, 50, 52, 59, 6r.

Salinity, 16-23, 25, 26, 28, 29, 30, 31, 33,
34, 55, 36,38, 39, 40, 4t, 43, 44, 46,48,
49, 50, 51, 54, 55, 56, 6r.

Samples, collection of, 15.
Samples, treatment of, 15.
Sampling areas, 12-14.
Sardinoþs caerulea, 68.
S. neoþilchardus, ll, 12.
Seasonal stations, 13, 16 (see also Blueskin

Bay, Otago Harbour, Otago Peninsula).
Seasonal transects, 12, 16, 18-21, 46.
Seasonality, 12, 28-65, 62.
Seriolella brama, 46-47, 59, 61.
Snapper, ll.
Sole, 50-52, 53, 56, 57, 61, 62.
Sole, cornmon, 50, 63.
Sole, lemon, Ì1, 52-55, 57, 63.
South Island waters, 31, 38, 46, 47, 49, 50,

52, 62.
South Taranaki Bight, 52.
Southern New Zealand waters, 31, 34, 44,

49, 50.
Southland Current, 12, 19, 21, 22, 23, 24,

59, 62.
Southland Cur¡ent water, 16, 19, 25, 27,

28, 32, 39, 40, 44, 46, 49, 51, 55, 56, 61,
62.

Southland Frc¡t,22, 62.
Spotty, 40-43, 56, 57, 61.

Sprat, ll, 28-3I, 56, 57, 58, 61, 62, 63,
Sþîattus antiþodum, ll, 28-31, 59, 61.
S. holodon,28.
S. muelleri, 28.
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S. sþrattus, 31.
Sternoptychidae, 31.
Stewart Island, 89, 4, 47 "
Stock size assessment, 11, 12, 15, 56, 63.
Subantarctic Surface Water, 12, 16, 19,

2t, 22, 23, 27, 62.
Subtropical Converçnce, 16, 62.
Subtropical Water, 16.

Taieri Rive¡, 23, 29, 36.

Ta¡akihi, ll,6l.
Tasman Bay, ll, 34,52,54.
Telescope fish, 39-40, 41.
Temperature, 16-23, 25, 26, 28, 30, 51,

33, 34, 35, 36, 37, 38, 39, 40, 41, 43, 44,
45, 46, 48, 49, 50, 5t, 52, 54, 55, 56. 59.
61,63.

Thøliø democ¡atica, 15.
Thames Estuary, 31.
Trade Wind Drift, 16.
Trevally, ll.

Trigla cuculus, 37.
T. gurnmd,us, 37.
T. lucerna,37.
Triglidae, 36-37.

Vertical dist¡ibution, 12, 15, 56-58

\4'arehou, 46-47, 62, 63.
Wellinçon Harbour, ll, 62.
West Wind Drift, 16.
Witch, 47-50, 62.
Wrasse, banded, 42-43.
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