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ABSTRACT: Oceanographic processes have been shown to play a pivotal role in the control of recruit-
ment variability in some commercial, northern temperate fish populations. This study investigates the
link between inter-annual changes in larval supply and wind stress for unexploited reef fish popula-
tions at Lizard Island, northern Great Barrier Reef. For the first time, this relationship is analysed sepa-
rately for front-reef and back-reef habitats and results for 3 major reef fish familes (Pomacentridae,
Apogonidae, Blenniidae) reveal that the link between wind stress and larval supply appears to be
habitat-dependent. In the back-reef habitat, there appears to be a positive correlation between inter-
annual changes in the frequency of onshore winds and the level of larval supply. This phenomenon is
associated with large-scale changes in weather systems, suggesting that the relationship may be pre-
dictable at a region-wide scale. Results for the front-reef habitat suggest that the effect of wind stress
on inter-annual levels of larval supply is less important. Survival and advection of earlier larval stages
may be more influential in determining fluctuations in the magnitude of replenishment to this habitat.
Although not helpful in predicting inter-annual changes in larval supply, a local retention mechanism
may keep larval supply into this habitat elevated above that of the back-reef side. Comparison of these
results with a non-reef mixed-age group of schooling pelagic fishes suggests that these patterns are a
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Dynamic coupling of reef fish replenishment and

unique feature of the replenishment process.
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INTRODUCTION

There is a strong, historic tradition among fisheries
scientists to search for correlations between the magni-
tude of recruitment and the amplitude of environmen-
tal variables. Physical factors such as temperature,
rainfall, salinity, sea level, river discharge, storms,
eddies, Ekman transport, alongshore transport indices,
upwelling, El Nifo events, and wind stress have all
been implicated in the control of recruitment variabil-
ity via the transport and survival of the larval life his-
tory stage (e.g. Leggett et al. 1984, Sissenwine 1984,
Anthony & Fogarty 1985, Sinclair et al. 1985, Epifanio
et al. 1989). By comparison with these detailed studies,
the corresponding literature for unexploited reef fish
populations is very sparse. Hydrodynamic processes
such as the slicks of internal waves and Langmuir cir-
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culations have been shown to influence distribution
patterns and onshore movement of pre-settlement reef
fish and invertebrates (e.g. Shanks 1983, Kingsford &
Choat 1985, 1986, Hamner & Schneider 1986). Other
oceanographic features close to reefs, such as topo-
graphically controlled fronts, island wake effects and
tidal jets, have been identified as potentially important
to larval supply (Alldredge & Hamner 1980, Wolanski
& Hamner 1988, Kingsford et al. 1991).

However, only 2 published studies have attempted to
correlate physical factors with actual levels of replen-
ishment on reefs (tidal regimes, McFarland et al. 1985;
current strength, Cowen 1985). Significantly, in both
these studies, replenishment success was estimated
from either the distribution of newly settled fish
(McFarland et al. 1985) or from the relative size of
consecutive year-classes (Cowen 1985). While these
studies are insightful and suggest that hydrodynamic
processes can have a high impact on replenishment
variability, they fail to relate the physical environment
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of interest to the life history stage that actually inhabits
that environment.

Recent technological advances (light traps; Doherty
1987, Milicich 1988) and the imaginative deployment
of conventional gear (channel nets; Dufour 1991,
Shenker et al. 1993) now allow the distribution pat-
terns of fish just prior to settlement to be measured for
a wide range of reef fish taxa (e.g. Milicich 1992).
Direct investigation of the relationship between these
larvae and their hydrodynamic environment may
allow relevant hypotheses about the influence of phys-
ical factors on replenishment levels to be rigorously
tested. This is the approach taken in the present study.

Lizard Island, situated on the northern Great Barrier
Reef (GBR), is a continental land mass that supports a
substantial fringing reef. A monitoring study revealed
that replenishment of reef fish populations to Lizard
Island is a complex process and evidence from a wide
array of taxa suggests that there is a substantial
amount of decoupling in larval supply between the
front-reef and back-reef habitats (Milicich & Doherty
1994, companion article}. As adults of many reef fish
are relatively sedentary, differences in the process of
larval supply between habitats may have a direct and
lasting effect on the dynamics of local populations
(Doherty & Fowler 1994).

The decoupling of larval supply between habitats at
Lizard Island suggests that replenishment cannot be
simply attributed to large-scale uniform events that
sweep reef habitats simultaneously. If hydrodynamic
factors are important to this process, their effect
appears to be influenced in some way by the reef itself.
Previous studies interpreted a general link between
physical factors and recruitment or year-class strength
(Cowen 1985, McFarland et al. 1985) using biological
data collected from single localities. In the light of
these recent findings, the validity of such generaliza-
tions must be seriously questioned.

Investigation of the relationship between larval sup-
ply and hydrodynamic factors between habitats, and
years, at Lizard Island on the northern GBR is a pri-
mary aim of the present study. Lizard Island (14° 40" S,
145° 28" E) is situated at the point where the westward
ocean current bifurcates into the longshore northward
and southward components of the East Australia Cur-
rent (EAC). This peculiarity means that currents in the
region are minimally affected by the EAC. Although
shifts in the exact position of the bifurcation may alter
influence of the EAC at Lizard Island, a 2 yr study by
Frith et al. (1986) suggested that non-tidal currents at
all depths in this area are primarily wind driven
(Wolanski & Ruddick 1981, Frith et al. 1986).

Wind stress is often the forcing function for the vari-
ous complex oceanographic processes outlined above
(Kingsford 1990) and its dominance in the Lizard

Island region suggests that variations in wind intensity
may be important in determining replenishment lev-
els. This hypothesis is explored in the present study. In
addition, large-scale temporal and spatial changes in
wind stress can often be identified by changes in baro-
metric pressure (Andrews & Pickard 1990}). If true, this
may generate considerable insight into the physical
environment of settlement stage reef fish at a regional
scale and trends in this factor are also investigated.

METHODS

Larval supply. Data on larval supply were obtained
from daily light trap collections that were made at
Lizard Island during the 1987-88 and 1988-89 recruit-
ment seasons. In each year sampling started at the end
of October or beginning of November and ended dur-
ing the latter half of January. Details on the operation
and method of deployment of the light traps are
described elsewhere (Doherty 1987, Milicich 1988,
1992, Milicich et al. 1992). In the first sampling season
3 traps were deployed in the front-reef and back-reef
habitats, while in the following season 2 traps were
used in each habitat (Fig. 1 in Milicich & Doherty
1994). Traps were moored ca 250 m apart at a distance
of between 300 and 500 m from the nearest reef mar-
gin in 18 to 23 m of water. The data series consist of a
daily mean in the light trap catch calculated separately
for each habitat. The years are concatenated according
to the lunar calendar. This method was used since it
was already established that larval supply at Lizard
Island tends to be significantly associated with periods
around or just following the new moon (Milicich
unpubl.). Missing data were handled as described in
Milicich et al. (1992). Briefly, where one trap failed in
either habitat, the record from the remaining trap was
used to represent larval supply. This was considered
valid since time series taken from replicate traps are
associated with a high degree of precision (Milicich
1992). If no data were available from a habitat on any
one day, an estimated daily catch was derived by inter-
polation between points on the surrounding 2 days
(this occurred on only 4 occasions). To err on the side of
caution, we did not interpolate catch rates that were
not bounded on either side by observed values.

Patterns of larval supply in these habitats are pre-
sented at the family level for 3 major reef fish families
(Pomacentridae, Apogonidae, Blenniidae) and for a
non-reef, schooling group that includes clupeids and
atherinids. This latter group often form feeding schools
around reefs that are composed of a mixed size-age
range of individuals and these characteristics make
them an ideal candidate to use as a ‘control’ in the
comparisons with wind events. The family taxonomic
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level was chosen to increase the ‘phase space’ of the
time-series as individual taxa replenish at different
times during the season. 'Adding' individual taxa
together increases the amount of replenishment per
unit time in the series so that all significant periods of
larval supply can be described. The only major family
excluded from consideration in this study was the
lethrinids; a general recruitment failure of these fish
during the second season precluded any meaningful
correlations between larval supply and hydrodynamic
variables from being made.

Physical factors. Wind strength and direction data
as well as barometric pressure were gathered by an
automatic weather station operating at Willis Island,
situated 1.5° S and E of Lizard Island. Wind strength
and direction were combined by computing a single
wind component. The component was defined as a
positive value for every wind vector between 0° and
180°, the size of which was determined by the wind
speed (in m s7!). By comparison, any wind vector be-
tween 180° and 360° was given a negative value.
Thus, positive values describe winds moving onshore
into the front-reef habitat, while negative values esti-
mate the intensity of winds driving onshore into the
back-reef habitat. The wind vector could have been
more finely apportioned, perhaps into an along-shore
as well as a cross-shelf component, however the inter-
action of wind and current with the topography
around reefs can be highly significant. In the present
case, the high continental island buffers and impedes
the wind as it travels to reef habitats (Fig. 1 in Mili-
cich & Doherty 1994). Thus, the back-reef habitat is
significantly sheltered from winds blowing from the
easterly quadrant, while the opposite is true for the
front-reef habitat. Choice of a coarse wind component
was a deliberate attempt to include these simple but
obviously important topographical effects. Vectors
that were aligned exactly north or south were allo-
cated as negative and positive values respectively.
This division was based on the alignment and topog-
raphy of the 2 habitats. Spatially, the 2 habitats are al-
most diametrically opposed to one another and paral-
lel with the NE-SW axis. This means that winds from
the north impinge into the back-reef habitat while
winds from the south drive onshore into the front-reef
habitat.

Although in terms of the large-scale physical envi-
ronment being investigated, the differences in wind
stress between Willis and Lizard Island may be
expected to be trivial, drift between the 2 locations was
checked by correlating wind data estimated visually at
Lizard Island with the instrument data recorded at
Willis Island (Fig. 1a). Data were filtered prior to calcu-
lation to remove any seasonality or short-term auto-
correlation effects. Strong correlations were observed
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Fig. 1. (a) Comparison of wind stress data recorded visually at
Lizard Island (thin line) and instrumentally at Willis Island
over the 2 consecutive seasons. (b) Cross-correlation coeffi-
cients for the 2 time series (-5 to 5 d lag). Solid bars refer to
coefficients that are significant (95 % level)

between the 2 data sets (r = 0.40, 95% CI = 0.15;
Fig. 1b). Willis Island data were recorded 3 times a day
and were considered a more accurate representation
of the physical conditions occurring in the Lizard
Island region.

Barometric pressure and the wind component data
were analysed using time series analysis to identify
long-term trends and seasonal cycles (Chatfield 1979).
Cross-correlation functions between these 2 variables
were then used to describe and interpret any relation-
ship. Wind stress components were subsequently
cross-correlated to the matching data on larval supply.
In every case, calculation of cross-correlation functions
was preceded by adequate filtering of the data to
remove any trends, seasonal cycles or short-term auto-
correlations. In all cases, any significant trend or sea-
sonal removal was followed by fitting an autoregres-
sive model of 1 to 3 terms. It should be noted that the
time series of larval supply into the back-reef habitat
was slightly shorter (by 10 d)} due to a consecutive
period of missing trap data at the end of the first season
of sampling. While this may be expected to bias
results, larval supply at this time of year is always low
(Milicich 1992) indicating that excluding this period
from the analysis was unlikely to have caused ommis-
sion of any significant supply event.
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RESULTS
Physical factors

Changes in the barometric pressure over the 2 con-
secutive seasons of sampling are shown in Fig. 2a.
Although this series is not continuous between the 2
years, each sequence starts at a similar time in the
year, so that inter-annual comparisons should not be
confounded by a seasonal effect. Results of the time
series analysis reveal that there is a significant nega-
tive long-term trend in the data that is evident in
Fig. 2a [T(t) =-0.042¢ + 1010.1; p = 0.0000, p = 0.0000,
r* adj. for df = 0.54). This indicates that there is a
decline in barometric pressure both within a season
and across the 2 consecutive seasons. The autocorrela-
tion function of the residuals after trend removal indi-
cate some degree of cycling in the data within any one
season, and a seasonal model ot period 18 produces a
significant fit (p = 0.0276).

The wind component also showed a negative trend
over the 2 sampling seasons (T(t) = -0.064¢ + 12.86,
p = 0.0001, p = 0.0000, 1’ adj. {ur df = 0.08), indicating
that wind stress into the back-reef habitat increased
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Fig. 2. (a) Trends in barometric pressure (line) and wind stress
{shading). Positive values refer to winds 0 to 180°, negative
values to winds from 180 to 360° (b) Cross-correlation coeffi-
cients (-5 to 5 d lag) of match between barometric pressure
and wind stress data. Solid bars are significant at o = 0.05
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Fig. 3. Mean daily abundance of pomacentrids in light traps

over the 2 years. Circles denote new moon periods. Area plot

at top: wind stress as in Fig. 2. (a) Back-reef catches (hatched
area identifies missing days); (b) front-reef catches

with time. No significant cycling was detected in the
series. As expected from the above results, the correla-
tion between barometric pressure and the wind com-
ponent was positive (Fig. 2b). Thus, as the barometric
pressure decreased, frequency of winds onshore to
the back-reef habitat increased. The inter-seasonal
decline in barometric pressure is, therefore, associated
with a between-season increase in the occurrence of
winds blowing into the back-reef habitat.

Larval supply

Time series of catches at the family level show a pro-
portional increase in larval supply in the back-reef
habitat from the first to the second sampling year, for
the pomacentrids, apogonids and blenniids (Figs. 3a to
5a, Table 1}. Larval supply into the front-reef habitat
also showed a proportional increase across the 2 years
(Figs. 3b to 5b}, however, except for the apogonids
(Table 1), this increase was much smaller (at least 40 %
less than in the back-reef habitat).
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Fig. 4. Mean daily abundance of apogonids in light traps over

the 2 years. Circles denote new moon periods. Area plot at

top: wind stress as in Fig. 2. (a) Back-reef catches (hatched
area identifies missing days); {b) front-reef catches

The pelagic group included in this analysis showed a
unique pattern that may be expected of such a school-
ing, mixed-age group (Fig. 6). In contrast to the trend
for the reef fish, catches in both the front-reef and
back-reef habitats appeared, if anything, to decline
between the 2 years (Table 1).

Relationship between larval supply and physical
factors

Figs. 3 to 5 demonstate how the wind field compares
to relative catch rates of the major reef fish families in
the 2 habitats sampled in both seasons. Considering the
back-reef habitat first, it is evident that the inter-
seasonal trend in the total magnitude of larval supply is
similar to the change that occurred in the wind field
data. This tendency is apparent for all 3 of the reef fish
families. Indeed for the Pomacentridae, a negative cor-
relation exists between wind stress and the magnitude
of larval supply to the back-reef habitat. Thus, as winds

into the back-reef habitat increased in frequency so did
larval supply (Fig. 7a). The same trend is apparent for
the apogonids, although the cross-correlation coeffi-
cients are not significant at the 95 % level (Fig. 7b}. Lar-
val supply of blenniids and wind stress are significantly
negatively correlated at a lag of 5 d which suggests that
wind events some 5 d earlier may have pushed larvae
towards Lizard Island from elsewhere.

Regarding the front-reef habitat, no correlation
between wind stress and the magnitude of larval sup-
ply is immediately apparent from any of the plots in
Figs. 3 to 5. In fact, larval supply in the front-reef habi-
tat increased between seasons while the winds
onshore into this habitat decreased in frequency. This
is reflected by a significant negative correlation be-
tween larval supply into the front-reef habitat and
wind stress for both the pomacentrids and the blenni-
ids (Fig. 7e, g). There was no significant correlation
between wind stress and larval supply of apogonids
(Fig. 7f), and a conflicting positive coefficient was pre-
sent in the pomacentrid analysis at a lag of -2 d
(Fig. 7e). These results are almost certainly related to
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Fig. 5. Mean daily abundance of blenniids in light traps over

the 2 years. Circles denote new moon periods. Area plot at

top: wind stress as in Fig. 2. (a) Back-reef catches (hatched
area identifies missing days); (b) front-reef catches
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Table 1. Total mean daily abundance of each family, in each year and habitat.
Circles refer to proportional change between years (solid: positive; open: negative)

strated that under a light southeast-
erly wind influence, water flow

Taxa Front-reef Proportional Back-reef
Year 1 Year?2 change Year 1 Year2
Pomacentrids 5184 7649 ° 1455 5321
Apogonids 299 1186 o 67 384
Blenniids 229 331 ° 56 210
Pelagics 2681 1595 o] 1693 1389

bifurcates around the high continen-

Proportional tal island leaving a 'dead space’' on
change the western side. The exact position
PS of this low flow area is dependent on
tidal state (Black & Gay 1987), but it

o N 4
S coincides well with the embayment
N area where the light traps were
deployed (see Fig. 1 in Milicich &

the higher degree of intra-annual variability in the
magnitude of larval supply that occurred on this front-
reef side; events on single days will have a much
higher impact on overall correlation values. The final
plot in the series (Fig. 6) demonstrates the relative
insensitivity of the schooling pelagic fishes to changes
in the windfield. Catches were similar between the 2
habitais in both years and showed no obvious intuitive
relationship with changes in wind stress (Fig. 7d, h).
This confirms the suggestion that the relationship
between wind direction and light trap catches appears
to relate solely to the replenishment process.

DISCUSSION

Determining the causes of variability in the replen-
ishment of fish populations is a major focus of fisheries
ecology. While studies on commercially important pop-
ulations in northern temperate waters have empha-
sised the role of various oceanographic phenomena in
the control of recruitment variability, little comparable
work has been attempted with tropical or reef fish pop-
ulations. Various complex oceanographic factors have
been found to be associated with coral reefs, head-
lands and continental islands (Alldredge & Hamner
1980, Wolanski et al. 1984, Wolanski & Hamner 1988,
Kingsford 1990, Kingsford et al. 1991). These transitory
processes form a rich mosaic of circulation patterns
around reefs and are known to influence the distribu-
tion patterns of eggs, invertebrates and pre-settlement
fish (references as above}.

The results of this study suggest that wind forcing
may explain at least some of the inter-habitat and
inter-annual variability in the replenishment of reef
fish populations. Specifically, it appears that at Lizard
Island changes in the inter-annual intensity of onshore,
westerly winds into the back-reef habitat are corre-
lated with similar changes in the magnitude of larval
supply. This effect can be best interpreted with an
understanding of the topography of both the fringing
reef and the island itself.

Two-dimensional modeling of wind and tide-influ-
enced currents around Lizard I[sland have demon-

Doherty 1994). This wind-depen-
dent shadow provides a simple explanation for gross
changes in back-reef catch rates, since significant
exchange and flow of water into this habitat will only
occur during periods of westerly wind flow. Thus, dur-
ing the second season of sampling when these winds
increased in frequency, transport of competent larvae
into the back-reef habitat may have been aided to such
an exient that the overall level of replenishment
strongly increased over the previous season.
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Fig. 6. Mean daily abundance of pelagic schooling fishes in
light traps over the 2 years. Circles denote new moon periods.
Area plot at top: wind stress as in Fig. 2. (a) Back-reef catches
{hatched area identifies missing days); (b) front-reef catches
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Investigation of barometric pressure allows this
hypothesis to be extended to regional spatial scales.
From April to October, the weather in the Lizard Island
region is generally controlled by high pressure systems
that ridge up the coast of Queensland, Australia
(Andrews & Pickard 1990). These systems cause an
intensification of southeasterly winds that are often
referred to as the southeast trades. However, from
December to March, the monsoonal trough, a low pres-
sure system that sits above Australia during most of the
year often moves into the region, generating northwest
winds (Wolanski et al. 1981). As the replenishment
season in this region runs from October through to
February, it is characterised by highly variable winds
as these pressure systems oscillate back and forth.
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These characteristics of the weather system are well
reflected by the trends in the barometric pressure. The
seasonal cycling identified in this variable is within the
1 wk to 1 mo range of oscillations that are known to
occur on the GBR (Andrews & Pickard 1990). The
declining trend in pressure as the replenishment sea-
son progressed is consistent with a seasonal intensifi-
cation of the monsoonal pressure system. Of more
interest to the present application is the increased
strength of this effect during the second sampling sea-
son. The monsoonal trough appeared to have more
influence in the region during this season which corre-
lates well with the observation of an increase in the
frequency of westerly winds. These observations sug-
gest that macro-scale changes in the weather system
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may be a good predictor of inter-annual changes in the
replenishment of reef fish at a meso-scale level.

The situation on the front-reef side is far more com-
plex. Correlations between the wind field and larval
supply suggest that, counter-intuitively, inter-annual
replenishment into the front-reef habitat increases as
onshore winds decrease in intensity. Considering that
current flow in this region is primarily wind driven
(Wolanski & Ruddick 1981, Frith et al. 1986), it is hard
to envisage how such inter-annual trends could be
explained by simple hydrodynamics. Does this mean
that the physical model discussed earlier is invalid as
an explanation for inter-annual changes in larval
supply?

The edge of the front-reef habitat runs in an almost
straight line up the northeast to southwest aspect of the
island (see Fig. 1 in Milicich & Doherty 1994) and is
fully exposed to tidal and onshore wind flow. In con-
trast, the back-reef habitat is shallower and charac-
terised by a concave reef edge that is sheltered by
headlands on either side. Although published runs of
the 2-dimensional model considered earlier have not
inciuded simuiations involving westerly wind influ-
ences, the less protected nature of the front-reef habi-
tat indicates that there should be a considerable
exchange of water in this habitat, irrespective of the
wind direction. This is in direct contrast to the 'dead
space' phenomenon that occurs in the sheltered back-
reef embayment. Thus, the same hydrodynamic model
predicts that wind stress should have a high impact on
larval supply into the back-reef habitat, but not into
the front-reef habitat.

What then might be determining inter-annual
changes in levels of larval supply into this front side of
the island? Larval supply is but the final link in a com-
plex chain of events that begins with spawning and
advances through a pelagic stage that lasts anywhere
from weeks to months (e.g. Brothers et al. 1983, Kings-
ford & Milicich 1987). Evidence collected to date sug-
gests that the magnitude of spawning has little effect
on variability in levels of larval supply (Robertson et al.
1988, Meekan et al. 1993). This implies that the magni-
tude of replenishment is influenced by a range of
planktonic processes, of which those operating near
settlement are but a part. Starvation, predation and
advection of larvae are 3 possible candidates that may
explain some of the variability in larval supply events
that occur inter-annually in the front-reef habitat, and
intra-seasonally in both habitats (e.g. Lasker 1981,
Hunter 1981, Sinclair et al. 1985).

One other strong feature of the larval supply data
was the observation that front-reef catch rates were
consistently higher than those in the back-reef habitat,
irrespective of any inter-annual trends within either
habitat. The results of a clod card dissolution study

(Milicich 1992) show that the only time that water flow
in the front-reef habitat fell below rates in the back-
reef habitat was when strong westerly winds pre-
vailed. At all other times, movement of water in the
front-reef habitat was higher than in any other habitat
sampled. This corroborates the suggestion from the
hydrodynamic model that the link between larval sup-
ply and wind stress on this front-reef side is unlikely to
be a simple one, if indeed a relationship exists at all.

Adding a further layer of complexity, Leis (1986) and
Leis & Goldman (1987) suggest that there may be a
retentive mechanism operating on the front-reef side
of the island. If true, this may also partially explain the
consistently high catches in this habitat. The evidence
for this mechanism is both biological and physical.
Assemblages of early larval stages were found to be
asymmetric across the front and back-reef sides of the
island. The back side was characterised by a transient
assemblage, while a more stable assemblage including
some post-flexion forms (not yet competent to settle),
persisted on the front. The physical data were based on
drogue measurements and suggested that residual
flow on the front side moved north and south accord-
ing to tidal state. In contrast, residual flow on the back
side, particularly at the surface, was always to the
south despite being subdued by the ebb tide. These
data were collected when winds were predominantly
from the southeast (i.e. onshore to the front-reef habi-
tat). Frith (1983) suggested that under these conditions
a convergence zone may result from the offshore
movement of deeper water at the reef edge. If present,
this zone would act to entrap buoyant particles at the
surface or maintain the position of surface-oriented
organisms. This provides an intuitive explanation for
the possibility of a retention mechanism on the front-
reef side, which is in agreement with the observations
of continually higher levels of larval supply into this
habitat. However, this mechanism cannot explain the
trend for increased larval supply in this habitat
between years, since there was a decrease in the winds
necessary to drive the convergence zone.

Inter-annual and habitat trends aside, larval supply
of reef fish is often characterised by considerable fluc-
tuation in the magnitude of successive supply events
that occur in distinct pulses throughout the season,
i.e. the data are highly non-linear and episodic. While
model filters can reduce these effects, the validity of
relying on linear correlation analysis to describe rela-
tionships between these data and other time series
must be under some doubt (Sugihara & May 1990).
One obvious problem is the difficulty of comparing
physical data to replenishment data where there has
been no larval supply event. Clearly this will weaken
any correlation not because there may be no relation-
ship but simply because there were no larvae in the
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water column at that time. In the present study this
problem was minimised by integrating larval supply
over all species in each family. Even with this approach
there are still times when minimal replenishment
occurred. Replenishment of reef fish at Lizard Island
has shown strong lunar cycling just after the new moon
in some species which may be related to spawning
rhythms (Milicich unpubl.). It would seem sensible to
look at the correlation between physical and replen-
ishment data only for a few days around the new moon.
However, perusal of any of the time series in Figs. 3 to
5 shows that this criterion would omit many significant
larval supply events; spawning rhythms are variable
and events occurring in the pelagic environment also
influence the timing of larval supply (Milicich un-
publ.). Another possibility is to only consider those
days when larval supply was above some nominated
level. This disrupts the continuity of the series and
prevents detection of any biologically significant lag
effects between physical and larval supply data. A
delay effect was detected for the blenniids suggesting
that winds 5 d prior to at least 1 larval supply event
were important in delivering larvae to Lizard Island.
Perhaps given these problems the real surprise is that
there were any significant correlations at all. In this
particular study, inter-annual changes in larval supply
and the wind field were obviously quite strong and
clear; it may be expected that more subtle patterns will
not be detected as easily by this analytical approach.
Alternative ways of analysing these relationships are
currently being developed using this data set and
results will be reported elsewhere.

In conclusion, for the back-reef habitat of Lizard
Island, there appears to be a real and quantifiable cor-
relation between wind stress and inter-annual changes
in the level of larval supply. This process correlates
with large-scale changes in the weather system which
suggests that the relationship may operate on similar
reefs and be predictable at a region-wide scale.
Results for the front-reef habitat suggest that wind
stress may be less important to influencing inter-
annual levels of replenishment. A local retention
mechanism may act to keep replenishment in the
front-reef habitat relatively high, but even so, results
suggest that processes operating prior to larval supply
may be more important in determining inter-annual
fluctuations in the magnitude of replenishment to this
habitat.
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