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ABSTRACT 

Plankton samples were taken in Kaneohe Bay, Oahu 

with a free-fall plankton net to investigate the fine­

scale distribution of larval fishes around coral reefs. 

Daytime samples indicated that the post flexion larvae of 

two gobiids (Psilogobius mainlandi and an unidentified 

species, Goby-l) were significantly more abundant at 

stations immediately adjacent to reefs (near-reef) than 

at stations in open water off the reef. Postflexion 

gobiid larvae appear to be capable· of resisting 

advection/dispersal while remaining in the water column 

near suitable adult habitats. The larvae of 

Encrasicholina purpurea (Engraulidae) and Foa 

brachygrammus (Apogonidae) were significantly more 

abundant at off-reef stations than at near-reef stations. 

Nighttime samples indicated that the gobiid larvae depend 

on visual cues to remain near the reef. The 

distributions of Encrasicholina and Foa larvae appeared 

related to their vertical positioning. 

The near-reef concentrations of the gobiid larvae 

indicate that reef-based planktivore pressure may be an 

unimportant factor in reef fish larval distributions. 

Typical ichthyoplankton surveys which do not sample close 

to adult fish habitats would greatly underestimate the 

abundance of larvae such as the gobiids. 
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INTRODUCTION 

The maintenance of reef fish populations is largely 

dependent on larval settlement (descent to the substrate 

from the water column) and recruitment (post-settlement 

survivorship). This is complicated by the fact that the 

early stages (larvae and/or eggs) are pelagic. The 

adaptive significance of pelagic young is not clearly 

understood, but as a consequence the larvae face the 

problem of returning to a reef. This return journey has 

long been assumed to be a passive process in which ocean 

currents transport the planktonic larval "drifters". 

Available data on the field distributions of larval 

reef fishes are limited because densities are typically 

low and sampling is often inadequate. Leis and Miller 

(1976) have suggested that larvae hatching from pelagic 

eggs appear to occur farther offshore than larvae 

hatching from demersal eggs, but more quantitative data 

are needed to sUbstantiate this. Larvae of some reef 

fishes appear to remain concentrated nearshore and are 

apparently not dispersed far from adult habitats. Leis 

(1982) suggested that certain larval reef fishes 

(primarily Enneapterygius atriceps) actively maintained 

themselves close to shore off 'leeward Oahu, Hawaiian 

islands. Similarly, Marliave (1986) discovered very high 

concentrations of larvae of intertidal fishes immediately 
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adjacent to adult habitats in British Columbia. Powles 

et ale (1984) noted that the larvae of two flounders were 

most abundant within 500 m from shore in the st. Lawrence 

estuary. These findings suggest that small pelagic 

larvae are not necessarily dispersed passively. This 

type of distribution may be easily overlooked, as most 

larval surveys ignore the water column immediately 

adjacent to shorelines and reefs. Recent studies (e.g. 

Leis and Goldman, 1987) indicate that many small-scale 

areas must be sampled within a larger geographic area to 

adequately account for all larval species and 

developmental stages. 

Preliminary research in Kaneohe Bay, Hawaii 

indicated that some reef fish larvae were more abundant 

near patch reefs than in adjacent open water. The 

purpose of the present study was to quantify this pattern 

and explore its relationship to hydrodynamic properties 

of the environment (e.g. currents) and certain physical 

factors which might be important for behavioral 

regulation by larvae (e.g. light). The latter part of 

this study will allow inferences to be made concerning 

mechanisms involved in the maintenance of observed 

distributional patterns. 
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MATERIALS AND METHODS 

Plankton samples were taken in Kaneohe Bay, a large 

(ca. 13x4 km) embayment on the eastern shore of Oahu, 

Hawaiian Islands (Figure 1). Coral reefs in the bay have 

steep sides which slope from ca. 1 m deep reef tops to a 

silt bottom 10-16 m in depth. This study compared 

stations immediately adjacent to reefs (i.e. over or next 

to the slope at 5-10 m depths) with deeper stations 

approximately 100 m away. These will be referred to as 

"near-reef" and "off-reef" areas, respectively. One pair 

of stations was located next to the reef bordering 

Coconut Island (stations WH and WHC), and the other next 

to the main barrier reef (stations 19 and 19C, Figure 1). 

stations WH and 19 are near-reef areas, and stations WHC 

(depth=14 m) and 19C (depth=16 m) are off-reef areas. 

Samples were collected with a vertical free-fall 

plankton net similar to that described by Heron (1982). 

The 1 m diameter net was made of 0.333 mm mesh. A choke 

collar and line were attached 1.5 m behind the mouth and 

a 5.7 kg weight was bridled to the ring. The net was 

dropped from the surface and filtered while descending. 

The choke line was freely paid out and then retrieved 

when the net reached the bottom. To filter approximately 

the same volume of water (ca. 10 m3 ) at both stations, 2 

or 3 surface-to-bottom drops per sample (henceforth 
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Figure 1. Location of sampling stations in Kaneohe Bay, 
Oahu. WH=windward HIMB near-reef station, WHC=adjacent 
off-reef station, 19=marker 19 near-reef station, 
19C=adjacent off-reef station. Shaded area is coastline; 
solid lines indicate reef tops at or near the surface. 
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referred to as 2 or 3 cycle) were taken at near-reef 

stations, and 1 drop ~er sample (1 cycle) was taken at 

off-reef stations •. Unless otherwise specified, drop 

samples refer to 1 cycle casts started at the surface and 

allowed to reach the bottom. 

In order to determine the general pattern and 

variability of larval distribution and abundance, single 

near-reef (3 cycle) and off-reef daytime drop samples 

were taken at the two sites every 2-4 days from January 

16 to March 16, 1987. All samples were taken between the 

hours of 0900 and 1200. Current velocity and direction 

at near-reef stations were estimated with a modified TSK 

flow-meter moored at a depth of 1.5 m for approximately 

20 minutes during sampling periods from January 31 to 

March 16, 1987. Readings from the meter were converted 

to current velocities by calibration with drogues. The 

orientation of the current meter vane was recorded. 

Apparent patterns of larval distribution and 

abundance may be caused by a sampling bias related to 

visual avoidance (Barkley, 1972). Between-station 

dif_ferencesin vis\lal avoidance wouJdprobably be due to 

different turbidity levels. To address this potential 

effect, the depth at which a 20 cm diameter secchi disc 

disappeared from view was recorded to the nearest 0.5 m 

at all stations from January 28 to February 21, 1987. 
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Near-reef stations were sampled as close to the reef as 

possible while keeping the secchi disc above the bottom. 

Due to design of the drop net, the last 1-2 m of the 

water column was not well sampled, and reef top areas 

could not be sampled. To sample these areas, a swiromer­

propelled plankton net measuring 30x50 em and made of 

0.333 rom mesh was pushed for a known distance. The off­

reef epibenthic area at station WHC was sampled while 

SCUBA diving with the push net and compared to 3 off-reef 

drop samples on June 7, 1987 from the hours of 1300-1400. 

Three reef top samples were taken and compared to three 2 

cycle near-reef drop samples at station 19 on May 2, 1987 

from the hours of 1300-1400, and at station WH on May 12, 

1987 from the hours of 1030-1130. 

To examine the spatial patterns in finer detail, a 

series of samples were taken along a transect extending 

perpendicular to the reef edge. This survey was done at 

station 19 on April 13, 1987 from the hours of 1045-1200. 

Single daytime drop samples were taken at the following 

distances from the near-reef area (depth in parentheses): 

o m (7.5 m), 5 m (10 m), 10 m (14 m), 15 m (15 m), 20 m 

(15.5 m), 30 m(15 mt, and 40 m (15 m). All samples were 

2 cycle except for the 0 m sample (3 cycle). A drop 

sample was also taken at station 19C, the corresponding 

off-reef station. 
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In order to investigate a possible effect of light 

on larval distributions, a series of day/night samples 

were taken at stations 19 and 19C at two different moon 

phases. One sampling date was chosen when the moon was 

unobscured by overcast and in the sky before dusk. Due 

to difficulties .in maintaining these criteria, a full 

moon date could not be scheduled; samples were taken on 

March 9, 1987 (2 days after first quarter). Samples -from 

this series will be referred to as "bright-moon". The 

other sampling date (May 27, 1987) was during new-moon, 

and samples from this series will be referred to as "no­

moon". During bright moon sampling, the reef was clearly 

visible to an observer in a boat anchored over the reef 

slope. During no-moon sampling, the reef was not visible 

by the same criteria. Day samples were taken from the 

hours of 1700-1730 on March 9 and 1600-1630 on May 27; 

night samples were taken from the hours of 2030-2130 on 

March 9 and 2100-2200 on May 27. Three 2 cycle near-reef 

and 3 off-reef drop samples were taken for each time 

period. An additional morning sample on May 28 (from the 

hours of 0800-0830) was taken for other purposes and is 

included in the data presentation. The undeJ::"l.ying 

assumption is that differences in moon phase were 

responsible for differences between samples from the two 

dates, though admittedly other variables may have been 

involved. 
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To determine if there was a relationship to tidal 

cycle, a series of samples were taken on a day (May 28, 

1987) with extreme daytime tidal fluctuation. These 

samples were taken at stations 19 and 19C from the hours 

of 0800-0830 (low tide, -5 em), 1130-1200 (incoming tide, 

31 em), and 1430-1500 (high tide, 66 em). Three 2 cycle 

near-reef and 3 off-reef drop samples were taken for each 

time period. A series of daytime samples were also taken 

on January 28, 1987 when the total tidal range was only 

18 cm. These samples were taken at stations 19 and 19C 

from the hours of 0930-1000 (low tide, 0 cm), 1145-1215 

(incoming tide, 9 cm), and 1615-1645 (high tide, 18 cm). 

Two 3 cycle near-reef and 1 off-reef drop sample were 

taken for each time period. 

To estimate the vertical distributions of off-reef 

larvae at station WHC, 3 drop samples were compared to 3 

drop samples started at 6 m depth. For the latter 

samples, the net was initially lowered to 6 m with a tag 

line attached to the ring. A second tag line attached to 

the cod end was then pulled taut while the first tag line 

was slackened, thereby bringing the net to a normal 

fishing position. At this point, all lines were released 

and the net descended freely. The net was retrieved in 

normal fashion with the choke line. contamination of the 

sample while being lowered by the ring was assumed to be 
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negligible. The samples for this series were taken on 

February 23, 1987 from the hours of 1130-1200. 

In the laboratory, all fish larvae from the samples 

were removed and identified to the lowest taxonomic level 

possible. Abundant larval types were measured to the 

nearest 0.1 mm TL. The volume filtered for each sample 

was calculated from depth indicated by marks on the choke 

line and the mouth area of the net. Counts were 

standardized to numbers per 10 m3 and numbers per ·drop of 

the net, i.e. per 0.79 m2 surface area. 
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RESULTS 

Thirty-three percent of total larvae (n=4419) taken 

during the 2 month survey were of pelagic species; most 

of these were larvae of the engraulid, Encrasicholina 

purpurea or nehu (28% of total larvae), and larvae of 

Schindleria spp. (3% of total larvae). Sixty-seven 

percent of total larvae were larvae of reef associated 

fishes; the majority were larvae of gobiids (61% of total 

larvae) and the apogonid Foa brachygrammus (2% of total 

larvae). Other reef associated taxa, which each 

comprised approximately 1% of total larvae were: 

blenniids, callionymids, pomacentrids, and tripterygiids. 

All postflexion gobiid larvae were distinguishable 

as either Psilogobius mainlandi (size range=4.4-7.3 mm 

TL, mean=5.4 mm TL, n=201 from first month of survey) or 

an unknown type, Goby-l (size range=4.4-9.1 mm TL, 

mean=5.8 mm TL, n=100 from first month of survey), except 

for 6 specimens (3 Asterropteryx semipunctatus, 3 

Bathyqobius spp., and 1 Oxyurichthys lonchotus). The 

larvae of Goby-l are distinct in that they only have 

pigment dorsally on the air bladder and very rarely 1 

pigment spot on the ventral midline behind the anus; they 

also have a deeper caudal peduncle and an air bladder 

located more posteriorly than other gobiid larvae 

encountered in this study. counts {Dl=6, D2=9-10, A=9-

10 



10) of dorsal and anal fin elements from cleared and 

stained specimens were within the range of many species 

of marine gobiids known from Hawaii. Preflexion gobiid 

larvae were not reliably identifiable. 

Four significant distributional patterns were 

resolved from the 2 month paired-samples survey. 

Concentrations of Psilogobius and Goby-l larvae were 

consistently higher near-reef than off-reef (Figures 2-

3). Foa and nehu larvae showed the opposite trend 

(Figures 4-5). These differences were significant for 

both sites when abundance was expressed as either 

concentration or number per drop of the net (Wilcoxon 

signed-ranks test, p<.005 for all tests except 

Psilogobius larvae per drop of the net at site WH where 

p<.025, n=21 for site WH and n=22 for site 19). Analysis 

of the data by areal measures of abundance (numbers per 

drop of the net) insures that differences are "real" and 

not artifacts of sampling protocol and larval vertical 

distributions (e.g. concentrations may be artificially 

low if the volumes used in calculations are excessive). 

Preflexion goby larvae appeared to be about equally 

abundant near-reef and off-reef at site 19 by both 

measures of abundance, and at site WH by concentration 

(Wilcoxon signed-ranks test, p>.05, n=21 for site WH and 

n=22 for site 19); however, numbers per drop of the net 

at site WH indicated that more preflexion goby larvae 

11 
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occur off-reef than near-reef (Wilcoxon signed-ranks 

test, p<.005, n=21). Preflexion goby larvae occasionally 

occurred at very high concentrations (e.g. 10-20 per m3), 

though this and the previous analyses must be regarded 

with caution due to the fact that preflexion goby larvae 

may include several species. 

Current velocities at near-reef stations as measured 

from the TSK current meter ranged from 0-6.0 cm s-l. The 

directions of flow were predominantly parallel to the 

reef front. The ratio of postflexion Psilogobius larvae 

areal abundance near-reef to areal abundance off-reef for 

each sample day was not significantly correlated with 

current velocity (Spearman rank correlation coefficient, 

p>.05, n=12 for site WH and n=16 for site 19). 

Postflexion Goby-1 larvae occurred off-reef on only 1 

occasion (coinciding with a current measurement of 0); 

therefore, no attempt was made to correlate their 

distribution with currents. 

There appeared to be differences between near-reef 

and off-reef secchi disk readings. Near-reef readings 

were significantly greater than off-reef readings 

(Wilcoxon signed-ranks test, p<.Ol, n=19 pairs). Near­

reef readings ranged from 5.5-10.0 m (mean= 7.6 m) and 

off-reef readings ranged from 5.5-9.5 m (mean= 7.3 m). 

It appears that near-reef larval abundances were not 

overestimated due to reduced visual avoidance, since 
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near-reef areas appear to be less turbid. The 

differences in water clarity appear to be slight, and 

biases due to differential visual avoidance of the net 

will be assumed negligible. 

Larval fish concentrations from the reef-top samples 

were far lower than those from near-reef drop net samples 

taken at the same time (Table 1). For example, the 

concentrations of post flexion Psilogobius larvae were 

significantly higher near-reef than over the reef-top for 

both sites (Fisher exact probability test, p=.05). The 

results of these comparisons must be taken cautiously due 

to the different gear used and volumes sampled, but the 

data corroborate in-situ observations that very few fish 

larvae occur over the reef top (personal observation). 

The only fish larvae routinely observed/collected over 

the reef top were Schindleria spp. (accounting for 5 out 

of 11 total fish larvae in all reef-top samples). 

The epibenthic plankton sample taken in deep water 

indicated no concentrations of larvae near the bottom 

which would not be sampled by the drop net (Table 1). 

Again, this comparison must be taken with caution due to 

the diffe:cemt gearu.s~d and. the small volume filtered 

(2.25 cubic meters) by the epibenthic push net. No fish 

larvae were observed in the bottom 1-2 m while SCUBA 

diving at the off-reef station. 
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TABLE 1. Volumes sampled and abundances of total reef 
fish larvae and Psilogobius larvae based on near-reef 
(NR), reef-top CRT), off-reef (OR), and epibenthic (EB) 
plankton samples at sites WH (May 12 and June 7, 1987) 

and site 19 (May 2, 1987). 

Larval Abundance (#/10 m3 ) 

Volume 
site Location (m3 ) Total Reef Fish Psilogobius 

WH: NR 7838 23804 21.68 1.36 
NR 8.56 10.51 9.35 3.50 
NR 7.38 23.04 17.62 6.78 

RT 9.60 0 0 0 
RT 9.60 0 0 0 
RT 9.60 0 0 0 - - - - - - - - - - - - - - - - - - - - - - - - -

19: NR 8.56 32.71 31.54 25.70 
NR 8.56 16.36 15.19 14.02 
NR 8.95 33.52 32.40 18.99 

RT 9.60 2.08 1.04 1.04 
RT 9.60 3.13 0 0 
RT 9.60 6.25 1.04 0 - - - - - - - - - - - - - - - - - - - - -

WH: OR 10.76 12.08 9.29 0 
OR 10.76 29.74 18.59 .93 
OR 10.76 22.30 16.73 .93 

.--EB. -2.25 . __ ._4.44 .. 0 0 
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The transect samples (Figure 6) showed in more 

detail the same trends observed in the paired-samples 

data. The concentrations of Psilogobius and Goby-1 

larvae decreased markedly from 0 to 10 m from the near­

reef area and were low farther from the reef. Foa and 

nehu concentrations were low within 5 m of the near-reef 

area but increased rapidly thereafter to higher 

concentrations farther from the reef. 

There appeared to be differences in distribution and 

abundance related to moonlight. On both dates 

concentrations of psilogobius were higher near-reef in 

the daytime (Figure 7, Fisher exact probability test, 

p=.05). At night under bright-moon conditions this 

pattern persisted (Fisher exact probability test, p=.05), 

whereas under no-moon conditions concentrations of 

Psilogobius were higher off-reef (Fisher exact 

probability test, p=.05). Foa larvae were more abundant 

off-reef by day, but appeared to occur at about equal 

concentrations off-reef and near-reef at night 

(Figure 8). Due to low numbers of Foa larvae, the only 

significant.non-zeroconcentrationswere near-reef night, 

and off-reef night and morning samples during no-moon. 

Nehu larvae were excluded from the analyses due to an 

obvious day/night difference in avoidance (larger and 

more nehu larvae were captured in night samples). 
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Figure 7. Day/night concentrations of postflexion 
Psilogobius larvae near-reef and off-reef at site 19 
during bright-moon (March 9, 1987) and no-moon (May 27, 
1987) conditions. Error bars are + 1 standard error of 
the mean. 
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Figure 8. Day/night concentrations of Foa larvae near­
reef and off-reef at site 19 during bright-moon (March 9, 
1987) and no-moon (May 27, 1987) conditions. Error bars 
are + 1 standard error of the mean. 
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Psilogobius and Foa showed no evidence of day/night 

differences in avoidance. 

Day samples taken over extreme and moderate tidal 

fluctuation suggest that the near-reef/off-reef 

differences are not related to tidal height (Figures 9-

11). Apparent changes in density over the moderate tidal 

cycle were as great or greater than over the extreme 

tidal cycle. Psilogobius was fairly abundant in the 

extreme samples and clearly showed no effect, being at 

higher concentrations near-reef for all sampling periods 

(Fisher exact probability test, p=.05). Off-reef 

concentrations of Foa larvae in the extreme samples were 

higher than near-reef values for all sampling periods 

(Fisher exact probability test, p=.05). Densities of 

Psilogobius and Foa in moderate samples were low, and 

apparent "peaks" in density may have been due to 

fortuitous high catches in a sample. Nehu larvae were 

present in low numbers in the moderate samples and nearly 

absent in the extreme samples. 

Almost all larvae from the off-reef samples taken 

for vertical distribution were nehu or preflexion gobies. 

About 58% of the former and 32% of the latter occurred 

below 6 m (Table 2). Thus nehu larvae seem about equally 

abundant above and below 6 m while most preflexion gobies 

occurred in the upper 6 m of the water column. 
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Figure 9. Concentrations of postflexion psilogobius 
larvae near-reef and off-reef at site 19 during extreme 
daytime tidal fluctuation (May 28, 1987) and moderate 
daytime tidal fluctuation (January 28, 1987). Error bars 
are + 1 standard error of the mean. 
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Figure 10. Concentrations of Foa larvae near-reef and 
off-reef at site 19 during extreme daytime tidal 
fluctuation (May 28, 1987) and moderate daytime tidal 
fluctuation (January 28, 1987). Error bars are + 1 
standard error of the mean. 
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Figure 11. Concentrations of nehu larvae near-reef and 
off-reef at site 19 during moderate daytime tidal 
fluctuation January 28, 1987). Error bars are + 1 
standard error of the mean. 
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TABLE 2. Catches of nehu and preflexion goby larvae 
from vertical distribution samples at station WHC on 
February 23, 1987. start depth refers to the starting 
point (in meters) for each drop sample. Catches are 
expressed as numbers of individuals per sample. Values 
below columns represent the mean percentages of larvae 

caught below 6 m depth. 

start Pre flexion 
Depth Total Nehu Gobies 

6 42 21 19 
0 90 35 51 
6 30 13 15 
0 158 66 89 
6 86 57 27 
0 111 56 52 

44 58 32 
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DISCUSSION 

A major source of controversy in the reproductive 

ecology of reef fishes concerns the adaptive significance 

of pelagic propagules. Johannes (1978) reviewed three 

hypotheses (larval food availability, predation on 

eggs/larvae, and dispersal) and came to the conclusion 

that reef-based predation pressure on eggs and larvae 

provided selection pressure for pelagic development of 

young. Barlow (1981) suggested that dispersal was 

important becquse adult reef fishes cannot migrate 

between patchily distributed habitats. Barlow (1981) 

also suggested that larvae from demersal eggs should 

disperse less than larvae from pelagic eggs, because 

demersal eggs are associated with small «10 cm) fishes 

which cannot produce enough eggs to successfully disperse 

long distances. This was consistent with the observed 

data and hypothesis of Leis and Miller (1976) that larvae 

from demersal eggs occur closer to shore than larvae from 

pelagic eggs. The data from the present study suggest 

that the post flexion larvae of 2 gobiid taxa (demersal 

egg spawners) are distributed very close to adult 
-~ 

habitats, providing support for the Leis and Miller 

(1976) hypothesis and consistent with the prediction by 

Barlow (1981). The high near-reef concentrations of 

these larvae conflicts with the hypothesis that reef-
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based predation pressure has selected for pelagic larvae 

and/or eggs (Johannes, 1978). Coral reefs in Kaneohe Bay 

tend to have large populations of planktivorous reef 

fishes (Brock et al., 1979), but larval fishes have been 

reported as being nearly absent in the diet of common 

Kaneohe Bay planktivorous reef fishes (Chave, 1971; 

Helfrich, 1958; Ralston, 1975; stevenson, 1963); though 

it should be noted that larval fishes may be very 

difficult to detect in diet studies due to their small 

sizes and rapid digestion (e.g. Hunter and Kimbrell, 

1980). The 2 types of gobiid larvae predominantly 

occurring near-reef are unspecialized in morphology and 

lack the elaborate spination and body shapes thought to 

be predator deterrents in larvae of certain other fishes 

(e.g. acanthurids, holocentrids which, incidentally, 

appear to occur farther offshore). Transparency and 

perhaps swimming behavior appear to be the only anti­

predator defenses for the post flexion gobiid larvae. 

Reef-based predation pressure on these gobiid larvae 

would seem to be an unimportant selective factor, at 

least for the larger stages of larval development. This 

implies that the adaptive significance of pelagic larvae 

for these species may be related to other factors such as 

larval food availability or dispersal. Alternatively, 

predation pressure on newly settled larvae may be 

responsible for larvae remaining pelagic until a certain 
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"safe" or competent stage of development is reached. 

This might explain why postflexion Psilogobius and Goby-1 

larvae immediately adjacent to suitable habitats remain 

in the water column instead of settling to the substrate. 

Future studies must critically examine the role of reef 
.. 

planktivores in the evolution of pelagic larvae and 

separate their effects from predation pressure in the 

adult habitat on newly settled larvae and recruits. 

Most previous studies of larval fish distributions 

have sampled on much larger scales than the present study 

(i.e. kilometers instead of meters). Large scale studies 

typically do not sample near adult reef fish habitats and 

may underestimate the importance of nearshore larvae. 

Larvae advected offshore may be effectively lost to the 

system if they lack the means for return. Oceanographic 

observations and data on spawning and recruitment of 

Hawaiian reef fishes (as summarized in Walsh, 1987) 

indicate that losses of larvae to offshore areas (e.g. 

via eddies) may be responsible for low levels of 

recruitment. Hence advection from suitable adult 

habitats may be a significant component of larval 

mortality. This is supported by reCQrds of reef fish 

larvae which appear to have been rapidly advected (up to 

18 kID per day) from islands (e.g. Leis, 1983; Victor, 

1987). Even if only a small proportion of a larval brood 

remains near the adult habitat, those larvae may comprise 
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the majority of successful settlers and subsequent 

recruits necessary for population persistence. 

The results of this study show that the highest 

concentrations of postflexion larvae of Psilogobius and 

Goby-1 are just seaward of the coral reef edge. This 

implies that larval surveys must sample the water column 

immediately adjacent to reefs to adequately account for 

all species. Previous larval surveys in Kaneohe Bay may 

have underestimated the abundance of certain species. 

For example, the highest concentration of larval 

Psilogobius as reported in Miller et al. (1979) was 2.8 

larvae per 1000 cubic meters. This is markedly lower 

than either mean near-reef or off-reef values of the 

present study (760 and 68 larvae per 1000 cubic meters, 

respectively). While some of the discrepancy may be due 

to the use of surface tows, it appears likely that they 

overlooked the majority of Psilogobius larvae by only 

sampling in open water. Their failure to note a gobiid 

type matching the description of Goby-1 suggests that it 

was overlooked as well. 

The day/night data from bright-moon and no-moon 

samples suggest that Psilogobius (and perhaps Goby-1) 

larvae use visual cues to maintain a near-reef 

distribution. Bright-moon conditions may provide 

sufficient light for larvae to orient to preferred areas, 

while no-moon conditions may allow or result in advection 
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away from preferred areas due to lack of visual cues. 

This process needs further examination, for it suggests 

that near-reef accumulation occurs rapidly (on a scale of 

hours). This implies that certain larval fishes possess a 

high degree of mobility and searching/orientation 

abilities. The nighttime disorientation/advection 

proposed here is similar to that described for certain 

salmonids (Hoar, 1958), which are transported downstream 

at night due to lack of visual cues and resulting 

disorientation. 

Psilogobius larvae (and probably Goby-1 larvae) 

originate from demersal eggs on the reef tOPi though it 

appears likely that the larger, older larvae encountered 

in this study have migrated from areas farther from the 

reef. Hatchlings would probably be initially advected 

from the reef due to their small size «3 mm TL). This 

conjecture is supported by the distribution of preflexion 

gobiid larvae, which appear to be evenly distributed or 

more abundant off-reef versus near-reef. The horizontal 

distances traversed by the preflexion larvae are unknown, 

but dispersal in these species may be reduced due to the 

orientation abilities_of thepostflexion larvae. Larvae 

that encounter a reef, either by passive drift or active 

swimming, may visually orient to the reef and resist 

further dispersal. 
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The post flexion larvae of Psilogobius and Goby-1 

appear to be capable of remaining in near-reef areas over 

the range of current velocities «10 cm s-1) measured in 

this study. It should be emphasized that the current 

patterns were only cursorily studied. Nevertheless, it 

appears that the post flexion larvae of the 2 gobiid taxa 

are capable of resisting advection while remaining in the 

water column near preferred habitats. 

The high concentrations of near-settlement larvae of 

psilogobius suggest that it (and perhaps Goby-1 as well) 

may not be recruitment limited. Recent studies suggest 

that many adult reef fish populations may be recruitment 

limited, which correlates well with the relative scarcity 

of reef fish larvae in most plankton surveys. Compared 

to most other common reef fishes, Psilogobius adults have 

a very specialized resource requirement; they live 

symbiotically with alpheid shrimps in reef top burrows 

(Preston, 1978). Species which have such specific and 

narrow habitat requirements might be expected to have 

non-passive larvae with abilities to orient. In this 

instance, specialized resource requirements may result in 

space (rather than recruitment) being the limiting factor 

for a population (e.g. smith and Tyler, 1972). 

Foa larvae appear to be more abundant away from 

reefs. This may simply be a consequence of their 

preferred vertical distributions, and not necessarily 
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evidence of active avoidance of reefs per see Watson 

(1974) suggested that Foa larvae occur in deeper water 

during the day and closer to the surface at night, which 

would account for the trend seen in the daytime paired­

samples survey. Larvae near the surface at night may be 

advected into the shallower near-reef areas, which would 

explain their presence in night and some morning near­

reef samples (Figures 8, 10). Larvae in near-reef areas 

seeking deeper water by day may migrate off-reef or 

possibly be eaten or injured if they descend onto the 

substrate. 

Nehu larvae also appear to be more abundant away 

from reefs. Watson (1974) suggested that older nehu 

larvae (larvae with pigmented eyes) occur in deep water 

(>4-6 m) both during the day and night, while younger 

larvae (larvae with unpigmented eyes) occur in deep water 

during the day and near the surface at night. The 

daytime vertical distribution data from the present study 

indicate that nehu larvae are about equally distributed 

above and below 6 m. However, the samples taken from 6 m 

to the bottom contained a lower percentage of young 

larvae (10% of 91 total) than samples taken from the 

surface to the bottom (20% of 157 total). Nehu larvae 

from day/night samples (taken on March 9, 1987) were 

categorized by the same criteria which resulted in the 

. following percentages of young larvae: near-reef daytime 
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- 100% of 19 total, off-reef daytime - 48% of 27 total, 

near-reef nighttime - 80% of 20 total, off-reef nighttime 

- 43% of 42 total. Nehu larvae collected near reefs 

appear to be the younger stages which may be inhabiting 

shallower layers than older larvae, though it should be 

noted that very young nehu larvae are extruded through 

0.333 rom mesh. The off-reef distribution of older nehu 

larvae may be related to a predominantly subsurface 

distribution, or older larvae in near-reef areas may be 

preyed upon by reef-based predators, though the latter 

appears unlikely considering the previous discussion of 

older gobiid larvae. 

Fish larvae that remain in the water column near 

adult habitats provide important information regarding 

pelagic larval biology. Even if this strategy is 

exceptional, its existence alone has general implications 

by revealing the breadth of possible evolutionary 

pathways available to pelagic larvae. The assumption 

that all pelagic fish larvae are or have to be passive 

"drifters" is clearly an oversimplification. Long 

distance dispersal may not be a necessary consequence of 

producing pelagic larvae. Near-reef areas should be 

sampled in other locations, particularly in areas where 

only large scale, offshore larval surveys have been 

undertaken. 
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