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ABSTRACT: We conducted ichthyoplankton surveys on the east coast of the South Island, New
Zealand, to address 2 questions: (1) Are certain types of reef fish larvae more likely to be dispersed
on an exposed temperate coast? (2) Is larval dispersal more strongly associated with taxa that have
pelagic eggs? Analyses were based on 492 plankton net samples collected perpendicular to the shore
(0.05, 2, 4 and 6 km offshore) and parallel to the shore (0.05, 0.1, 0.3 and 1 km alongshore) from a
rocky reef environment. We caught 60 taxa belonging to 32 families, but 11 taxa accounted for 97 %
of all larvae collected. Only these common taxa were considered further. Larvae from the 3 taxa with
pelagic eggs (Sprattus spp., Aldrichetta forsteri and Rhombosolea plebeia) showed varying degrees
of dispersal that ranged from increased abundance close to shore to no clear pattern with distance
from shore or alongshore from a rocky reef environment. Larvae from the 1 viviparous taxon (un-
identified scorpaenids) were more abundant close to shore. Larvae from the 2 taxa with freshwater
demersal eggs (unidentified retropinnids and galaxiids) had disparate patterns of offshore and along-
shore dispersal. Retropinnids occurred almost exclusively at the nearshore stations, but galaxiids
were more abundant further from shore and were only found nearshore adjacent to a river mouth.
Larvae from the 5 taxa that hatched from marine demersal eggs (unidentified tripterygiids,
Forsterygion spp., Gilloblennius tripennis, Grahamina capito and Ruanoho decemdigitatus) were all
more common further from shore. For the taxa in this study, we reject the hypothesis that reef fish
larvae that hatch from non-pelagic eggs are retained mostly or exclusively near reefs on an exposed
coast. Broad-scale dispersal of fish larvae may provide benefits in terms of predator avoidance, re-
colonisation of habitats and risk-spreading, but it carries with it the increased risk of unfavourable
advection that may delay or even prevent recruitment.
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INTRODUCTION

Reef fish larvae may disperse widely during their
planktonic phase. Planktonic dispersal is considered to
offer an adaptive advantage, but there is disagreement
as to the nature of this advantage. Johannes (1978)
suggested that planktonic dispersal enables larvae to
avoid planktivorous reef fishes. Barlow (1981) asserted
that planktonic dispersal gives reef fish species the
ability to migrate in their early life stages between the
patchy environments that adults inhabit but cannot
bridge. Doherty et al. (1985) argued that substantial
planktonic dispersal is adaptive when the propagules
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experience uneven and unpredictable survival in the
pelagic environment. In this situation, substantial dis-
persal is a means of risk-spreading in a heterogeneous
space, even though dispersal may incur additional
mortality (Kuno 1981, Metz et al. 1983). Although there
is limited evidence to support these hypotheses, the
paradigm is widespread that reef fish larvae should
disperse so that they develop further from shore rather
than near reefs.

Despite some benefits from the dispersal of reef fish
larvae, there are also disadvantages. For instance, it is
necessary for larvae to return to a habitat suitable for
settlement at the completion of their planktonic phase.
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The scale of most dispersal makes active migration
unlikely, but there are a variety of oceanographic pro-
cesses that can transport reef fish larvae back to
the nearshore environment (see review by Kingsford
1990). However, such processes are likely to be vari-
able both in their presence and in their effectiveness. If
larvae that are competent to settle are not transported
back to shore, or if they are transported to an unsui-
table habitat, then they are effectively lost.

These potential losses have led several authors to
investigate the alternative strategy of reef fish larvae
being retained near reefs during their planktonic
phase. Brogan (1994) suggested that such a distribu-
tion would have consequences on the mortality rate of
larvae both before and after they become competent to
settle. The presence of predators and increased com-
petition for food may increase the pre-competent larval
mortality rate in the reef environment. However, once
competent to settle, larvae that are near reefs are able
to settle quickly, while more distant larvae may have to
delay settlement until a suitable habitat is encoun-
tered, thereby risking further mortality.

Many reef fish species are pelagic spawners, and
wind- and tide-induced currents will passively dis-
perse their eggs, unless favourable hydrographic con-
ditions prevail (Black et al. 1991, Black 1993). Pelagic
eggs are generally smaller than demersal eggs, and
usually produce smaller larvae (3 to 5 mm) (Thresher
1984) with less-developed sensory systems and swim-
ming abilities (Blaxter 1986, Miller et al. 1988). The
newly hatched larvae may undergo further passive dis-
persal before becoming functionally competent. Non-
pelagic spawners (viviparous and demersal spawners)
incubate their eggs on the reef and, in many cases,
delay hatching or birth until the resulting larvae
have reached a comparatively large size (5 to 10 mm)
(Thresher 1984) with functional fins, eyes and guts
(Barlow 1981, Hunter 1981, Thresher 1984). This com-
bination of better swimming ability and more devel-
oped sensory systems may make retention more likely
for non-pelagic spawners, particularly those species
that hatch as large, well-developed larvae.

Several authors have found evidence of retention of
reef fish larvae in temperate waters. On the Canadian
west coast, larvae from demersal eggs were dominant
inshore and had a restricted alongshore distribution,
favouring a rocky shoreline over sand (Marliave 1986).
In contrast, larvae originating from pelagic eggs were
more uniformly distributed both alongshore and off-
shore. Off SW Nova Scotia, larvae from demersal eggs
dominated the inshore shallow-water environment,
while densities of larvae originating from pelagic eggs
were not correlated with bathymetry (Suthers & Frank
1991). The authors concluded that larvae from demer-
sal eggs were more spatially persistent through the

release of well-developed larvae from non-drifting
eggs.

In the Gulf of California, Mexico, several families,
including sandy bottom and reef fish, utilised the near-
reef habitat throughout their development (Brogan
1994). These families all spawned non-pelagic eggs
and had well-developed hatchlings, but the larvae of
other families, with similar spawning patterns, were
not retained. Off central New South Wales, Australia,
larvae from taxa with demersal eggs or that were
viviparous were more abundant close to shore (Gray
1993). However, some larvae that originated from
pelagic eggs also predominated nearshore. In NE New
Zealand, the larvae from taxa that spawn demersal
eggs were more abundant near reefs (Kingsford &
Choat 1989). All larval size classes were present near
reefs, and these taxa were absent or rare further from
shore. However, the authors noted that the pelagic—
demersal retention distinction was not consistent, as
the distribution of several demersal spawning families
was not influenced by the proximity of reefs.

Although several authors have identified the near-
shore retention of reef fish larvae in temperate regions,
most of these studies have been done on protected
shorelines. The northward-moving Southland Current
sweeps most of the east coast of the South Island of
New Zealand (Heath 1972a). The mean currents in the
Kaikoura region are thought to flow from the south
(Chiswell & Schiel 2001), but there is some variability
in flow, and on occasion Kaikoura is bathed by sub-
tropical water from the north (Shaw & Vennell 2000).
However, coastal surface waters south of the Kaikoura
Peninsula are commonly exposed to a current moving
northward at approximately 7 cm s~ (Heath 1972c). Of
interest is whether retention can still occur on a coast-
line exposed to a moderate current as well as large
oceanic swells and frequent storm events. In this
paper, we describe a study of larval fish distribution
offshore and alongshore from a rocky reef environ-
ment on an exposed temperate coast. The 2 main
questions addressed were: (1) Are certain types of reef
fish larvae more likely to be dispersed on an exposed
temperate coast? (2) Is larval dispersal more strongly
associated with taxa that have pelagic eggs?

MATERIALS AND METHODS

Perpendicular-to-shore sampling. To test for the
effects of distance from shore on ichthyoplankton as-
semblages, we conducted fortnightly surveys between
October 1995 and May 1997 at 4 stations (Table 1)
along a transect that extended 6 km perpendicular to
the south shore of the Kaikoura Peninsula (Fig. 1).
Sampling was completed during daylight hours in the
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Table 1. Location, distance from shore, water depth and distance to rocky reef environment of perpendicular- and
parallel-to-shore stations

Station Location Distance from shore Depth Distance from reef
(km) (m) (km)
Perpendicular
0.05 km 42°29.750'S, 173°40.886'E 0.05 12 0.05
2 km 42°26.837'S, 173°40.819'E 2 56 2
4 km 42°27.921'S, 173°40.883'E 4 83 4
6 km 42°29.001'S, 173°40.809'E 6 850 6
Parallel
0.05 km 42°29.750'S, 173°40.886'E 0.05 12 0.05
0.1 km 42°25.022'S, 173°40.424'E 0.05 8 0.1
0.3 km 42°24.978'S, 173°39.543'E 0.05 9 0.3
1 km 42°25.144'S, 173°38.405'E 0.05 9 1

early morning (06:00 to 08:00 h). Neustonic ichthyo-
plankton were sampled using a plankton net with a
707 x 707 mm mouth (0.5 m?) and 280 pm mesh. The
net was a box-pyramid design with a filtration effi-
ciency of 1:11. A General Oceanics flowmeter (Model
2030R) was fitted within the mouth of the net (posi-
tioned at 0.33 of the net width) to determine the vol-
ume of water filtered per tow. The net was towed
beside a 6 m boat to avoid disturbance caused by the
wake. The top of the net's frame was suspended from a
gantry so that it sampled with the uppermost edge of
the net at a fixed height of 10 cm above the sea surface.
A 25 kg Scripps depressor was suspended from the
lower edge of the frame to keep the mouth of the net
vertical. The net was towed from a 4-point bridle that
joined above the waterline to avoid disturbance by the

wire strops. At each station, 3 tows of 15 min each were
made at a speed of approximately 1.3 m s !. The net
filtered an average of 500 m® of water per replicate.
Parallel-to-shore sampling. To test for the effects of
alongshore distance from rocky reef on ichthyoplank-
ton assemblages, we sampled at 4 stations parallel
to the south coast of the Kaikoura Peninsula (Fig. 1):
3 stations were 50 m offshore from a fine shingle beach
(6 to 10 mm particle diameter) but differed in their
proximity to rocky reefs (Table 1). The fourth station
(0.05 km) was 50 m offshore from a rocky coastline.
Ichthyoplankton surveys were done at the 4 stations
during 2 periods (28 to 29 January 1997 and 18 to 19
February 1997) in late summer and during 2 periods
(2 to 3 April 1997 and 16 to 17 April 1997). in mid-
autumn. Logistical constraints required that 2 stations
be sampled on each of 2 consecutive
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days. The 4 stations were sampled in
random order. Sampling was completed
during daylight hours in the early
morning (06:00 to 08:00 h). Neustonic
ichthyoplankton were sampled at each
station using the same procedure and
net as described above.

After each replicate was taken, the net
was washed thoroughly with pumped
seawater and the sample was fixed in
buffered 10% formalin in seawater. All
fish larvae were removed from the sam-
ples with the aid of a dissection micro-
scope, identified to the lowest possible
taxonomic level, counted and stored in
buffered 2% formalin in freshwater.
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Counts were standardised to the num-

Fig. 1. Map of Kaikoura Peninsula on NE coast of the South Island of New Zea-
land. The 4 perpendicular-to-shore stations (0.05, 2, 4 and 6 km) and the 4 paral-
lel-to-shore stations (0.05, 0.1, 0.3 and 1 km) are shown. Bathymetry is in metres

ber of fishes 500 m™3. Clupeid, retro-
pinnid and galaxiid larvae could not be
identified beyond the family or genus
level because of the similarity of larvae
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from different species and the presence of adults from
several species of each of these families in the study
area. Small scorpaenids, labrids, tripterygiids, centrolo-
phids and pleuronectids also could not be identified
below the family or genus level. All fishes (except
those that were badly damaged) were measured to the
nearest 0.5 mm by placing them on a graduated slide.
Notochord length was measured for preflexion and
flexion larvae, and standard length was measured for
postflexion larvae.

Analysis. During this study, 2 types of data were col-
lected. The ichthyoplankton samples contained a wide
range of taxa, allowing tests on the temporal and spa-
tial distribution of individual taxa. Because all un-
damaged fish larvae were measured, the size of lar-
vae could also be compared temporally and spatially.

We used 2-factor Model I ANOVAs, with time (up to
37 occasions) and distance from shore (4 stations) as
factors, to compare the abundance of commonly occur-
ring taxa at the perpendicular-to-shore stations. The
number of occasions that were compared in each
ANOVA varied between taxa because any occasion
when no larvae (of the taxon of interest) were collected
was excluded from the analysis. Prior to ANOVA, the
data for each taxon were tested for homogeneity of
variances using Cochran's test, and all data became
homogeneous when log (x +1)-transformed. Tukey's
honest significant difference (HSD) tests were used
for post-hoc comparisons of means.

We used 2 separate ANOVAs to compare the size of
larvae from each commonly occurring taxon caught
during the perpendicular and parallel-to-shore sam-
pling. Tukey HSD tests for unequal numbers were
used for post-hoc comparisons of means. Temporal
variability could not be formally tested because larvae
from even the most common taxa were not caught on
all, or even most, occasions.

ANOVA was used to compare the size of unidenti-
fied tripterygiid and Forsterygion spp. larvae caught at
the perpendicular and parallel-to-shore stations during
the same period (27 January 1997 to 18 April 1997).
Tukey HSD tests for unequal numbers were used for
post-hoc comparisons of means.

RESULTS

The 444 samples from the perpendicular-to-shore
stations collected 28638 larval and pelagic juvenile
fishes from 31 families (Table 2). We identified 56 taxa,
including 8 that contained >1 species (identifiable to
the family or genus level) and 3 unidentified taxa. The
3 most abundant taxa (unidentified tripterygiid, Gra-
hamina capito and unidentified scorpaenid) accounted
for 64 % of the total catch; 43 taxa each comprised

<0.2% of the total number of larvae collected. Instead
of occurring in very low numbers throughout the sam-
pling period, most of the less numerous taxa occurred
in only a few samples.

The 48 samples from the parallel-to-shore stations
collected 2538 larval and pelagic juvenile fishes from
15 families (Table 2). We identified 22 taxa including 7
that contained >1 species (identifiable to the family or
genus level). The 4 most abundant taxa (unidentified
retropinnid, Aldrichetta forsteri, unidentified scorpaenid
and Forsterygion spp.) accounted for 87 % of the total
catch; 13 taxa each comprised <1 % of the total number
of larvae collected.

Of the 60 taxa collected in the perpendicular and
parallel-to-shore samples, only 11 were relatively
abundant and present in both sampling types. Further
analysis involved only these 11 common taxa. There
was considerable variation among these taxa with
regard to the habitat occupied by their adults and their
mode of spawning (Table 3). The adults of most of
the common taxa occupied rocky reef habitats, but
anadromous (retropinnids), amphidromous (galaxiids)
and pelagic taxa were also common. Many larvae
hatched from demersal eggs, but viviparous taxa and
larvae from pelagic eggs were also common.

The abundance of the common taxa at the perpen-
dicular-to-shore stations was highly variable through
time (Table 4). However, all had a significant inter-
action between time and distance from shore that
accounted for a large proportion of variance in the
model. On most occasions, the nearshore and offshore
abundances of all of the common taxa (except retropin-
nids and Grahamina capito) were not significantly
different (Table 4). However, for most of the common
taxa any differences in abundance, where they did
occur, were consistent. For example, the number of
G. capito larvae did not differ between the 0.05 km and
other stations on 11 of the 23 occasions in which they
were found. However, on each of the remaining 12
occasions, significantly fewer G. capito larvae were
caught at 0.05 km.

The 3 common taxa that produced pelagic eggs
showed very different temporal and spatial distributions
(Fig. 2). Sprattus spp. larvae were found throughout the
year, but there were no clear patterns in their offshore or
alongshore distributions (Fig. 2a). Small Sprattus spp.
larvae (6.5 mm) appeared in early July (Fig. 3a), partic-
ularly at 0.05 and 2 km, and the mean size of larvae at all
stations increased until November/December. Smaller
larvae appeared again in January, suggesting that a sec-
ond spawning event had occurred. Small Sprattus spp.
larvae were scarce further from shore (Fig. 3a, Table 5).

On the east coast of the South Island, sprat spawn
between June and November (Colman 1979) with a
peak (when the water is coldest) during August and
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Table 2. Composition of larval fishes caught in 444 perpendicular-to-shore and 48 parallel-to-shore samples. Total abun-
dance (n), percentage of total catch (%) and percentage occurrence (% Occ.) are given for each taxon. —: taxon absent

Family Taxon Perpendicular Parallel
n % % Occ. n Y% % Occ.
Clupeidae Sprattus spp. 213 0.77 171 6 0.2 6.3
Gonorynchidae Gonorynchus gonorynchus - - - 1 0 2.1
Retropinnidae Unidentified retropinnid 1168 4.64 22.7 1751 69.0 93.8
Galaxiidae Unidentified galaxiid 400 1.60 25.9 59 2.3 6.3
Sternoptychidae Maurolicus muelleri 2 0.01 0.5 - - -
Photichthyidae Vinciguerria attenuata 1 0.003 0.2 - - -
Myctophidae Benthosema suborbitale 1 0.003 0.2 - - -
Gymnoscopelus piabilis 187 0.62 10.1 1 0.04 2.1
Symbolophorus boops - - - 6 0.2 8.3
Moridae Unidentified morid - - - 3 0.1 2.1
Auchenoceros punctatus 28 0.10 6.1 - - -
Pseudophycis bachus 12 0.05 1.8 - - -
Gadidae Gaidropsarus novaezelandiae 26 0.09 3.8 - - -
Merlucciidae Macruronus novaezelandiae 5 0.02 1.1 - - -
Carapidae Echiodon pegasus 7 0.03 0.9 - - -
Gobiesocidae Diplocrepis puniceus - - - 2 0.1 4.2
Gastroscyphus hectoris 1 0.003 0.2 - - -
Trachelochismus melobesia 8 0.03 0.9 10 0.4 14.6
Hemirhamphidae Hyporhamphus ihi 10 0.04 1.8 - - -
Scomberesocidae Scomberesox saurus 3 0.01 0.5 - - -
Syngnathidae Hippocampus abdominalis 28 0.10 5.2 3 0.1 6.3
Leptonotus elevatus 4 0.01 0.9 - - -
Scorpaenidae Unidentified scorpaenid 5379 20.04 33.1 158 6.2 66.7
Helicolenus barathri 23 0.10 2.3 - - -
Scorpaena papillosus 1 0.003 0.2 - - -
Congiopodidae Congiopodus leucopaecilus 2 0.01 0.5 - - -
Triglidae Chelidonichthys kumu 10 0.03 1.8 - - -
Acanthoclinidae Acanthoclinus fuscus 1 0.003 0.2 - - -
Taumakoides rua 3 0.01 0.5 - - -
Mugilidae Aldrichetta forsteri 493 1.81 15.3 167 6.6 39.6
Labridae Notolabrus spp. 14 0.05 14 - - -
N. celidotus 5 0.02 0.9 1 0.04 2.1
Bovichthyidae Bovichtus variegatus 139 0.47 9.5 - - -
Uranoscopidae Genyagnus monopterygius 1 0.003 0.2 1 0.04 2.1
Tripterygiidae Unidentified tripterygiid 6614 22.17 42.6 86 3.4 27.1
Forsterygion spp. 4206 14.69 42.6 133 5.2 39.6
Gilloblennius tripennis 2190 7.16 24.1 16 0.6 12.5
Grahamina capito 6436 21.80 35.6 46 1.8 25.0
G. signata 3 0.01 0.5 - - -
Ruanoho decemdigitatus 689 2.40 26.4 28 1.1 16.7
Notoclinus fenestratus 10 0.04 1.8 - - -
Eleotrididae Grahamichthys radiata 1 0.003 0.2 - - -
Gobiidae Gobiopsis atrata 2 0.01 0.5 - - -
Gempylidae Thyrsites atun 7 0.02 1.6 - - -
Istiophoridae Hyperoglyphe antarctica 1 0.003 0.2 - - -
Centrolophidae Seriolella spp. 14 0.06 2.5 - - -
S. brama 5 0.02 0.7 - - -
S. caerulea 3 0.01 0.7 - - -
Bothidae Arnoglossus scapha 10 0.03 1.8 - -
Lophonectes gallus 2 0.01 0.5 - - -
Pleuronectidae Pelotretis flavilatus 1 0.004 0.2 1 0.04 2.1
Peltorhamphus spp. 1 0.003 0.2 - - -
P. novaezelandiae 3 0.01 0.5 - - -
P. latus 1 0.003 0.2 - - -
Rhombosolea plebeia 97 0.34 11.7 50 2.0 33.3
R. retiaria 1 0.003 0.2 - - -
Monacanthidae Parika scaber 36 0.14 3.8 3 0.1 4.2
Unknown 3 2 0.01 0.5 - - -
Unknown 12 3 0.01 0.5 - - -
Unknown 20 1 0.003 0.2 - - -
Damaged 124 0.44 13.1 6 0.2 8.3
Total 28638 2538
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Table 3. Life-history characteristics of 11 common taxa collected in perpendicular-to-shore and parallel-to-shore samples.

Habitat occupied by the adults and their mode of spawning are indicated. Habitats = IP: inshore pelagic; F: freshwater and

estuaries; R: rocky reef; S: sand. Mode of spawning = P: pelagic eggs; FD: freshwater demersal eggs then marine larvae;
D: demersal eggs; V: viviparous

Family Taxon Adult Spawning Source
Clupeidae Sprattus spp. P P Ayling & Cox (1987)
Retropinnidae Unidentified retropinnid 1P, F FD McDowall (1990)
Galaxiidae Unidentified galaxiid F FD McDowall (1990)
Scorpaenidae Unidentified scorpaenid R P,V Ayling & Cox (1987)
Muygilidae Aldrichetta forsteri IP, F P McDowall (1990)
Tripterygiidae Unidentified tripterygiid R D Crossland (1981)
Forsterygion spp. R D Crossland (1981)
Gilloblennius tripennis R D Crossland (1981)
Grahamina capito R D Crossland (1981)
Ruanoho decemdigitatus R D Crossland (1981)
Pleuronectidae Rhombosolea plebeia S, F P Ayling & Cox (198%)

Table 4. Summary of ANOVA of abundance of 11 common taxa with time and distance from shore as factors. Variance (%) has

been partitioned. ***p < 0.001. Also shown is summary of post-hoc comparisons of mean abundance between stations nearshore

(0.05 km) and further from shore (2, 4 and 6 km). More, ns, Less: number of occasions when significantly (Tukey HSD, p < 0.05)

more larvae were found at 0.05 km than at 1 or more of the other stations, when there was no significant difference, and when
fewer larvae were found at 0.05 km, respectively

Taxon Time —— Distance — Interaction Residual More ns Less
df F % df F % df F % df %
Sprattus spp. 22  84** 34 3 7.6 4 66 24*** 29 184 33 0 21 2
Unidentified retropinnid 20 13.7*** 17 3 2159*** 41 60 8.2*** 31 168 11 11 10 0
Unidentified galaxiid 24 11.5*** 34 3 26.2*** 10 72 3.5*** 31 200 25 0 21 4
Unidentified scorpaenid 23 47.9*** 60 3 257*** 4 69 6.8*** 26 192 10 3 20 1
Aldrichetta forsteri 16 24.1*** 55 3 6.5 3 48 3.2*** 22 136 20 0 15 2
Unidentified tripterygiid 31 37.9*** 52 3 18.6*** 3 93 8.1*** 34 256 11 1 25 6
Forsterygion spp. 27 75.1*** 63 3 36.5*** 3 81 10.8*** 27 224 7 3 17 8
Gilloblennius tripennis 22 352*** 55 3 11.0*** 2 66 6.5*** 30 184 13 1 19 3
Grahamina capito 22 63.5*** 51 3 42.0*** 5 66 15.3*** 37 184 7 0 11 12
Ruanoho decemdigitatus 26 25.7*** 48 3 1.3m 0 78 6.6*** 37 216 15 2 20 5
Rhombosolea plebeia 21 3.4*** 48 3 22.5*** 13 63 3.1*** 39 176 34 4 18 0

September (Robertson 1980). The occurrence of Sprat-
tus spp. larvae in this study corresponds well with
these observations.

Aldrichetta forsteri larvae were found from mid-
summer until midway through the following winter
(Fig. 2b). They were more abundant at 2 km in February
of both years, but generally there were few differences
between stations (Table 4). There was no consistent pat-
tern in the alongshore distribution of A. forsteri (Fig. 2b).
Small A. forsterilarvae (3 mm) appeared in late January
and the mean size of larvae at most stations increased
until late July (Fig. 3b). Older (larger) A. forsteri larvae
were scarce further from shore (Fig. 3b, Table 5).

Spawning of Aldrichetta forsteri in central New
Zealand has been observed from late December to
mid-March (Manikiam 1963). The restricted temporal
occurrence of small A. forsteri larvae in this study cor-
responds well with this observation. However, there is
no evidence of the biennial spawning, with peaks in

winter and summer, that has been observed in a South
Island estuary (Webb 1973).

Rhombosolea plebeia larvae were found throughout
most of the year (Fig. 2c¢), and often were less abundant
further from shore (Table 4). There was no consistent
pattern in the alongshore distribution of R. plebeia
larvae (Fig. 2c). Small R. plebeia larvae (2.5 mm)
appeared at various times throughout the year, and
consequently there was no clear pattern in the size
of larvae through time (Fig. 3c¢).

Rhombosolea plebeia appear to spawn throughout
most of the year on the east coast of the North Island
(Colman 1973) and South Island (Webb 1973), with a
peak during August and September in Canterbury
(Mundy 1968). The extended period over which small
R. plebeia larvae were found in this study corresponds
well with these spawning observations.

Larvae from the viviparous taxon (unidentified scor-
paenids) were found from mid-spring until the end of
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the following autumn (Fig. 2d), but relatively few lar-
vae were found at 6 km. There was no consistent pat-
tern in the abundance of scorpaenid larvae with dis-
tance alongshore. Small larvae (1.5 mm) appeared in
October, but there was little change in the mean size of
larvae between October and May (Fig. 3d). Larger
scorpaenid larvae (>8 mm) were collected only during
January and February. The protracted period over
which small unidentified scorpaenid larvae were
found in this study is consistent with the extended
spawning season observed by Francis (1988) for Heli-
colenus percoides, and the unidentified scorpaenid
larvae most probably belong to this species.

The 2 common taxa that produced freshwater demer-
sal eggs had very different offshore and alongshore
larval distributions (Fig. 4). Unidentified retropinnid

larvae were found from mid-summer until mid-winter
(Fig. 4a). They occurred mostly nearshore with, on av-
erage, 10 times more larvae being collected at 0.05 km
(Table 4). There was no consistent pattern in the along-
shore distribution of retropinnid larvae (Fig. 4a). Small
larvae (6.5 mm) appeared in January, and the mean
size of larvae increased until June (Fig. 5a). Small
larvae appeared again in mid-June (particularly at
the stations furthest from shore), suggesting a second
spawning event. Older (larger) retropinnid larvae were
scarce further from shore during late autumn and win-
ter (Fig. 4a, Table 5). Very small larvae (<10 mm) were
abundant in late summer at the 2 parallel-to-shore
stations closest to the Kowhai River mouth (Fig. 6).

The 2 New Zealand smelt species Retropinna retro-
pinna and Stokellia anisodon have a long spawning
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Fig. 3. Mean standard
length and size range
of (a) Sprattus spp.;
(b) Aldrichetta forsteri;
(c) Rhombosolea ple-
beia; (d) unidentified
scorpaenid larvae at 4
perpendicular-to-shore
stations (0.05, 2, 4 and
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tember 1995 and May
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from each year were
converted to Julian
days and are plotted
jointly (1995: #; 1996:
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Table 5. Summary of ANOVA of standard length of 11 common taxa with distance from shore as a factor, and of ANOVA of stan-
dard length with distance alongshore from a rocky reef environment as a factor. *p < 0.05; **p < 0.01; ***p < 0.001. Means (mm)
are given for each taxon at each station. Means that have different Greek letters are significantly different (Tukey HSD, p < 0.05)

Taxon Perpendicular-to-shore Parallel-to-shore

Residual df F 0.05 2 4 6  Residualdf F 005 01 03 1
Sprattus spp. 198  20.56*** 11.7% 14.7° 15.8° 21.0° - - - 9.5 - 349
Unidentified retropinnid 1156  48.25*** 26.4% 22.1F 20.9° 19.9P 1694 26.99*** 25.1% 25.1% 23.2F 21.1Y
Unidentified galaxiid 376 3.37*  21.1% 18.6° 20.1% 2278 - - - - - 9.5
Unidentified scorpaenid 5316  30.94"™ 2.1 2.2 2.1 2.1 154 11.63*** 259 239 23% 1P
Aldrichetta forsteri 457  48.25*** 22,19 11.1F 12.1F 11.58 164 52.07*** 26.1° 25.5% 27.9% 12.1P
Unidentified tripterygiid 5069 65.62** 719  7.0¢ 7.20  7.8P 77 14.76*** 11.5° 579 17.3F 14.3Y
Forsterygion spp. 4049 54.82** 12.1% 9.9P 8.5% 10.2° 126 2.90* 16.2% 12.1F 17.6% 17.9°
Gilloblennius tripennis 2142 11.17*** 9.0 10.3* 10.1F 10.5Y - - 7.1 - 49 -
Grahamina capito 6064 57.75** 8.4%  7.2P 7.6 8.0° 41 1.54™ 144 133 163 13.0
Ruanoho decemdigitatus 649 4.09** 7.2%  6.5% 598 4% - - 3.6 14.5 - 6.8
Rhombosolea plebeia 92 3.90* 6.3  7.1¢ 3.5F 53¢ 37 127.13*** 4.6° 5.2% 16.0° -
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season, extending from September to April (McDowall
1990), with a peak during the summer months (McMil-
lan 1961). The presence of very small larvae at 6 km in
late June, coupled with an egg development time of
between 8 and 21 d (McMillan 1961), suggests that
some spawning must still be occurring on the east
coast of the South Island in at least late May.
Unidentified galaxiid larvae were found throughout
most of the year (Fig. 4b). They were most abundant
further from shore, with relatively few larvae collected
at 0.05 km. Galaxiid larvae were caught only at the
parallel-to-shore sampling station adjacent to the
Kowhai River mouth (Fig. 4b). Small larvae (6 mm) ap-

Month

peared in late January, and their mean size increased
until May (Fig. 5b). Small larvae appeared again in late
May, suggesting a second spawning event. The rela-
tionship between length and month of capture was con-
sistent with that reported in another study of galaxiid
dispersal in the marine environment (McDowall et al.
1975). Larvae collected at 0.05 km were highly variable
in size, with some of the largest and smallest galaxiid
larvae being collected there. The larvae collected at the
parallel-to-shore sampling station adjacent to the
Kowhai River mouth were all small (<11 mm).

The amphidromous galaxiid species Galaxias argen-
teus, G. fasciatus, G. postvectis, G. brevipinnis and G.
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maculatus all have extended spawning seasons that,
between them, range from September through to June
(McDowall 1990). However, most of these species have
a spawning peak in autumn. The protracted period
over which small galaxiid larvae were found is consis-
tent with an extended spawning season, with pulses
of newly hatched larvae obvious from January to late
May (Fig. 5b).

The 5 tripterygiid taxa, which all produce marine
demersal eggs, had differing larval distributions

(Fig. 7). Unidentified tripterygiid larvae were found
throughout the year, with increased abundance during
mid-winter, mid-spring and mid-summer (Fig. 7a).
There was noticeable inter-annual variability in the
abundance of unidentified tripterygiid larvae, with rel-
atively few larvae being found during the first spring
and summer of sampling. The larvae were often more
abundant further from shore (Table 4), and the larvae
at 6 km were slightly larger overall than those at the
remaining stations (Table 5). There was no clear pat-
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tern in the mean sizes of larvae through time (Fig. 8a).
This is probably a result of the multi-species composi-
tion of this taxon. The unidentified tripterygiid larvae
at the parallel-to-shore sampling stations (except
0.1 km) were larger on average (Fj199 = 86.42, p <
0.001) than those found further from shore during the
same period (Fig. 9).

Forsterygion spp. larvae were found throughout the
year, with increased abundance during mid-winter, mid-
spring and mid-summer (Fig. 7b). There was noticeable
inter-annual variability in the abundance of Forsterygion
spp. larvae, with relatively few larvae being found dur-
ing the first spring and summer of sampling. Forstery-
gion spp. larvae were often less abundant closer to shore
(Table 4). However, the larvae found at 0.05 km had a
larger mean size than those at the remaining stations
(Fig. 8b). There was no consistent pattern in the along-
shore distribution of Forsterygion spp. larvae. Small
larvae (4 mm) appeared throughout autumn, mid-spring
and mid-summer, with subsequent increases in their
mean size. The Forsterygion spp. larvae at the parallel-
to-shore sampling stations were larger on average
(F6,304 = 39.16, p < 0.001) than those found further from
shore during the same period (Fig. 9).

Species in the Forsterygion genus spawn from May
to November, with activity peaking in mid-winter
(Ayling & Cox 1987, Francis 1988, Paulin & Roberts
1992). However, individuals may spawn several times
throughout the season (Paulin & Roberts 1992). The
appearance of young larvae throughout much of the
year is consistent with this extended spawning period.

Gilloblennius tripennis larvae were found from late
winter to early autumn, with increased abundance in
mid-spring and mid-summer (Fig. 7c). They were often
less abundant closer to shore (Table 4), but were not
found at the 2 parallel-to-shore stations furthest from
the rocky reef environment (Fig. 7c). Small G. tripennis
larvae (4 mm) appeared in August/September, par-
ticularly at 0.05 km, and their mean size increased
until March/April at most stations (Fig. 8c). There was
a small increase in the mean size of larvae with
distance from shore (Table 5). This was mainly due to
the absence of very small larvae further from shore
(Fig. 8c).

Gilloblennius tripennis spawn from July to Septem-
ber (Paulin & Roberts 1992). The appearance of young
larvae in early spring is consistent with this. However,
the presence of young larvae in January/February
(Fig. 8¢) provides some evidence of a second spawning
period during summer.

Grahamina capito larvae were found from early
spring until late summer, with increased abundance in
mid-spring and mid-summer (Fig. 7d). They were usu-
ally less abundant closer to shore (Table 4). However,
the few larvae that were caught at 0.05 km were larger
on average than those at the other stations (Table 5).
Small larvae (3.5 mm) initially appeared in September,
but there was no clear increase in the average size of
larvae until after the final influx of small larvae in
January/February (Fig. 8d). G. capito larvae were
more abundant at the parallel-to-shore station that was
closest to the rocky reef environment (Fig. 7d), but
there was no significant difference among the parallel-
to-shore stations in the mean size of larvae (Table 5).

Grahamina capito have a long spawning period,
extending from June to January with activity peaking
in August to September (Ayling & Cox 1987, Francis
1988). The appearance of young larvae from mid-
spring to mid-summer is consistent with this extended
spawning period.

Ruanoho decemdigitatus larvae were found from
early spring to late autumn, with increased abundance
in mid-spring and mid-summer (Fig. 7e). They were
often less abundant closer to shore (Table 4). Overall,
larvae were generally the same size at all stations, but
larger larvae were slightly more abundant at 0.05 km
during autumn (Fig. 8¢, Table 5). Small larvae (3.5 mm)
appeared throughout much of spring and summer, and
consequently there was no clear increase in the aver-
age size of larvae until after the final influx of small
larvae in February (Fig. 8e). There was no consistent
pattern in the alongshore distribution of R. decem-
digitatus larvae.

Ruanoho decemdigitatus spawn from June to Octo-
ber (Francis 1988), with most eggs being laid during
winter (Paulin & Roberts 1992). The appearance of
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young larvae in early spring is consistent with this, but
the presence of young larvae in January/February
(Fig. 8e) provides some evidence of a second spawning
period during summer.

DISCUSSION

The ichthyoplankton collected during this study
reflect the diverse fish fauna in the Kaikoura region.
Oceanic currents and the nearby Kaikoura Canyon
contribute oceanic and deep-dwelling species to the
large array of coastal and reef fish species. However,
most of the 60 taxa collected during this study were
relatively rare. This apparent rarity may be real or it
may be a consequence of the sampling procedure. The
abundance of taxa that do not commonly inhabit the
neuston layer will be underestimated by the sampling
protocols used in this study. Furthermore, the abun-
dance of a taxon that occurred in a temporal pulse on a
scale finer than that which was sampled would also be
underestimated. However, 11 taxa were sufficiently
common in the samples to allow analysis of the tempo-
ral and spatial patterns in their abundance.

The temporal distributions of larvae of the 11 com-
mon taxa corresponded well with existing data on
adult spawning efforts. Fine-scale temporal data on
egg production does not exist for any of the common
taxa on the east coast of the South Island, but in most
instances larval abundance patterns matched previ-
ously reported spawning periods. The major discrep-
ancies observed were the lack of evidence of winter
spawning in Aldrichetta forsteri and the longer than
expected spawning period of retropinnids. Also, the
reappearance in late summer of small larvae of 2 spe-
cies with late winter/spring spawning (Gilloblennius
tripennis and Ruanoho decemdigitatus) suggests that
these species may have a second spawning event in
summer.

The temporal distribution patterns of larvae of most
of the common taxa corresponded well with previously
described patterns of primary and zooplankton pro-
duction in the Kaikoura region. Bradford (1972) found
that phytoplankton production (chlorophyll a) peaked
during September, with a smaller, less-defined peak in
late February. Copepod numbers also peaked in
September and late February (Bradford 1972). The
increased abundance of larvae in early spring and late
summer is typical of many temperate regions, with
reproductive efforts matched to periods of increased
primary production that are brought on by increased
water temperatures and wind-mixing.

Many studies have shown that the abundance of
ichthyoplankton varies with distance from shore
(Koubbi et al. 1991, Suthers & Frank 1991, Boehlert &

Mundy 1994, MacGregor & Houde 1996, Grioche &
Koubbi 1997). In our study, the greatest abundances of
fish larvae were found further from shore (4 and 6 km).
The most common taxa further from shore included
deep-water species (Gymnoscopelus piabilis), fresh-
water species (galaxiids) and several intertidal/reef
species (Bovichtus variegatus and most of the triptery-
giids). Other taxa showed no clear pattern with dis-
tance from shore (Sprattus spp. and Ruanoho decem-
digitatus) or were more abundant closer to shore
(retropinnids, scorpaenids, Aldrichetta forsteri and
Rhombosolea plebeia). The results of our study show
that the abundance of most taxa, for at least part of the
year, does vary with distance from shore. However, in
many cases the distribution patterns contradict those
previously reported for species with similar modes of
spawning.

Several studies have found that larvae that are more
abundant nearshore hatch from non-pelagic eggs,
whereas those that are more widely distributed are
generally derived from pelagic eggs (Leis & Miller
1976, Marliave 1986, Kingsford & Choat 1989, Suthers
& Frank 1991, Brogan 1994, Gray 1998). The nearshore
abundance of larvae hatched from non-pelagic eggs is
thought to be due to the absence of passive drift during
the egg phase. While the data presented in this study
support these patterns for some taxa (e.g. scorpaenids
are viviparous and their larvae were more abundant
closer to shore while Sprattus spp. and Aldrichetta
forsteri have pelagic eggs and their larvae were widely
dispersed), others do not follow the patterns observed
elsewhere. Most of the taxa (the galaxiids and triptery-
giids) that hatch from demersal eggs were also widely
dispersed. Conversely, Rhombosolea plebeia, which
have pelagic eggs, were more abundant nearshore.
For the taxa in this study, we reject the hypothesis that
reef fish larvae that hatch from non-pelagic eggs
are retained mostly or exclusively near reefs on an
exposed coast.

Greater numbers of tripterygiid larvae, which are
almost exclusively reef-dwelling species as adults, are
often found at nearshore sites (Leis & Miller 1976, Leis
1982, Gray 1993), particularly in the vicinity of reefs
(Leis & Goldman 1984, Kingsford & Choat 1989, Bro-
gan 1994). However, in our study, most taxa within the
family Tripterygiidae showed equal if not greater
abundance further from shore. Additionally, triptery-
giid larvae of all sizes (3 to 32 mm) were found further
from shore. Clearly, the data in our study do not sup-
port the assertion that tripterygiid larvae are more
abundant nearshore. Although this pattern is robust
for our study, results may be influenced by the time
and method of sampling.

Tricklebank et al. (1992) alluded to the influence of
sampling season on estimates of the nearshore—off-
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shore distribution of tripterygiid larvae. Researchers
who sampled only during spring or summer (e.g. Leis
1982, Leis & Goldman 1984, Kingsford & Choat 1989)
found highest abundances of tripterygiid larvae near-
shore, but winter samples on similar spatial scales (and
in the case of Kingsford & Choat 1989 in the same loca-
tion) contained much greater numbers of tripterygiid
larvae, and these were mostly further from shore
(Tricklebank et al. 1992). The data in our study support
this pattern, with very large numbers of tripterygiid
larvae being found in mid-winter samples, particularly
further from shore. However, some nearshore summer
samples (particularly January/February 1996) con-
tained greater abundances of tripterygiid larvae (espe-
cially Gilloblennius tripennis, Grahamina capito and
Ruanoho decemdigitatus) than the associated samples
further from shore. If sampling had been done only
at this time, therefore, a very different pattern of
perpendicular-to-shore distribution would have been
perceived.

Many of the studies reporting greater numbers of
tripterygiid larvae inshore used oblique tows to sample
ichthyoplankton (Leis 1982, Kingsford & Choat 1989,
Brogan 1994), while the only other study reporting
greater numbers further from shore used surface tows
(Tricklebank et al. 1992). It is likely that oblique tows
underestimate the abundance of tripterygiid larvae
further from shore and that surface tows underesti-
mate the abundance of tripterygiid larvae at nearshore
sites. For example, Kingsford (1988) found that oblique
tows in deep water grossly underestimated (by a factor
of up to 60) the abundance of tripterygiid larvae,
because they are more abundant at the sea surface. In
shallow water, however, tripterygiid larvae can occur
throughout the water column (Kingsford 1988) and
therefore may be sampled better by oblique rather
than surface tows.

With an increased knowledge of, and thus an in-
creased ability to identify, the larval stages of many
species of temperate reef fishes, there is little benefit
in ascribing distributional patterns to whole families.
Several authors have reported inconsistencies within
families in the distribution patterns attributed to the
family as a whole. Tripterygiids and cottids have been
described as having ‘inshore’ larvae (e.g. Leis & Miller
1976, Gray 1993). However, Marliave (1986) found that
the genus Artedius, within the family Cottidae, had an
offshore distribution distinct from other members of
the same family. Kingsford & Choat (1989) and Trickle-
bank et al. (1992) reported inconsistencies in the
Tripterygiidae, with larvae from the genus Forstery-
gion frequently being found further from shore.
Although gobiids have been described as having
‘inshore’ larvae (e.g. Leis & Miller 1976, Gray 1993),
Brogan (1994) identified 2 possible groups: larvae that

were concentrated over reefs, and larvae that were
more abundant further from shore. These appeared to
represent different species, although the taxonomy of
the groups was not completely resolved. Species-
specific patterns of offshore and alongshore distribu-
tions are undoubtedly masked by grouping families
together. Some of these patterns may become clearer
as more taxa are identified to species level and more
becomes known about the life-history features and
demographics of individual species.

The anadromous retropinnids occurred almost ex-
clusively at the nearshore stations. This taxon's ability
to maintain this distribution is most probably a result of
its life history. Adult retropinnids spawn in rivers,
releasing eggs that sink to the substrate (McDowall
1990). The eggs develop there and, after hatching, the
larvae are carried out to sea by river currents. Larvae
are about 5 mm in length when they hatch (McMillan
1961), so it is likely that by the time they reach the sea
they are capable swimmers. It has been suggested that
fish larvae that are larger at hatching and at a more
advanced stage of development because of hatching
from demersal eggs may be more capable of remaining
within a given area by using their superior swimming
and sensory abilities (Blaxter 1986, Miller et al. 1988,
Suthers & Frank 1991). For retropinnids, a lack of
planktonic dispersal while in the egg phase coupled
with a stronger swimming ability (Mitchell 1989) may
allow them to restrict their distribution to nearshore
areas.

The offshore distribution of the retropinnids con-
trasts markedly with that of the galaxiids. Like the
retropinnids, galaxiid larvae hatch from demersal eggs
in freshwater before entering the sea (McDowall
1990). Galaxiid larvae are also relatively large (7 to
9 mm) when they enter the marine environment
(McDowall 1990), and they too should be capable of
maintaining a nearshore distribution. However, in this
study, galaxiid larvae appeared to disperse widely,
with few larvae occurring close to shore. The differing
spatial distributions of these 2 families may reflect con-
trasting needs in terms of using the planktonic
phase as a dispersal mechanism. The galaxiids, like
the retropinnids, are diadromous. However, they are
mostly amphidromous. The larvae of amphidromous
species migrate to sea soon after hatching to feed and
grow to a post-larval stage (McDowall 1998). Juveniles
then migrate back into freshwater, where most somatic
growth, as well as sexual maturation and reproduction,
occurs (McDowall 1997). For anadromous species like
the retropinnids, most feeding and growth is at sea
prior to the migration of fully grown adult fish into
freshwater to reproduce. Retropinnids are short-lived
(1 to 2 yr) and can disperse widely both as juveniles
and adults during their extended period at sea. Most of
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the amphidromous galaxiid species are much longer-
lived (up to 27 yr for Galaxias argenteus: Jellyman
1979), and are likely to use their planktonic phase as a
dispersal mechanism so that post-larval stages can
restore populations in perturbed river systems (Mc-
Dowall 1995, 1996). The positioning of galaxiid ichthyo-
plankton further from shore aids in this dispersal
(McDowall et al. 1975, McDowall 1990, Waters et al.
2000).

A notable feature of this and similar studies in New
Zealand is the relative paucity in the plankton samples
of larvae of prominent reef-dwelling fishes. Many
species of Labridae, Cheilodactylidae and Odacidae
inhabit rocky reefs in the Kaikoura region (Hickford &
Schiel 1995) and may have trophic effects on reef com-
munities (Kingett & Choat 1981, Jones 1984). In our
study, no cheilodactylid or odacid larvae and only
20 labrid larvae were caught. This paucity may be a
consequence of the relatively low numbers of adults
overall compared to such taxa as retropinnids,
scorpaenids and tripterygiids, but may also involve
morphological, behavioural or sensory characteristics
which make larvae from these families unlikely to be
caught.

The origins of the reef fish and freshwater fish larvae
that were found offshore from the Kaikoura coast are
not clear. Some are likely to have come from the reefs
and rivers around the Kaikoura Peninsula, but the
Southland Current may have transported many from
areas further to the south. Nevertheless, the presence
of these larvae at the station furthest from shore is an
indication that they have been dispersed at least 6 km
from their natal environment and possibly a great deal
further.

While the offshore movement of larvae is likely to aid
in the alongshore dispersal of both reef and freshwater
fish species, these larvae must eventually move closer
to shore to settle successfully from their planktonic
phase to a more sedentary existence on reefs or to
migrate into rivers. Clearly, taxa such as the galaxiids
and tripterygiids must move nearer to shore as they
develop. There is evidence from several taxa in this
study (unidentified retropinnids, Aldrichetta forsteri,
Forsterygion spp. Grahamina capito, and Ruanoho
decemdigitatus) of larger (and therefore older) larvae
occurring closer to shore. These larger larvae are likely
to be the few remaining survivors from the more abun-
dant, but younger, larval assemblages seen further
from shore.

The mechanisms of onshore transport of fish larvae
in the Kaikoura region are not yet known, but may
include internal waves (Kingsford & Choat 1986),
wind-derived water motion (Heath 1972b), or eddies
(Lobel & Robinson 1986). However, most of these
transport mechanisms are inconsistent temporally and

spatially in their occurrence (Kingsford 1990). So,
while the offshore movement of larvae may aid in
alongshore dispersal of larvae, it also exposes them to
unfavourable advection, and as a result their recruit-
ment is likely to be inconsistent (Suthers & Frank
1991).

Larvae returning to the nearshore environment as a
result of cross-shelf advection may still not encounter a
suitable habitat for settlement. The large tripterygiid
and Forsterygion spp. larvae that were found at the
alongshore stations furthest from rocky reefs may have
been transported alongshore directly from reef areas,
or they may have arrived at these stations after first
moving away from shore. Either way, to successfully
recruit into the adult population, they are dependent
on further alongshore movement to locate a reef habi-
tat suitable for settlement. This movement may be
facilitated by favourable alongshore currents or by
active swimming. However, for larvae that are compe-
tent to settle, this delay will prolong their larval phase
and expose them to further mortality.

Clearly, broad-scale dispersal of reef fish larvae,
although possibly providing benefits in terms of preda-
tor avoidance (Johannes 1978), colonisation of patchy
adult habitats (Barlow 1981) and risk-spreading
(Doherty et al. 1985), does carry with it an increased
risk of unfavourable advection that may delay or even
prevent recruitment.
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