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Executive summary

Spatial and temporal variation in larval fish assemblages collected from the Two Rocks transect has 
been characterized, and related to available environmental variables. Assemblages were shown 
to vary primarily with water depth, with different families dominating inshore, shelf, and offshore 
assemblages, and with season. Correlation of larval fish assemblages from summer, and from winter, 
with environmental variables highlighted the strong influence of water depth, and water mass on 
broadly structuring assemblages. In winter, microzooplankton cell densities and water temperature 
had a further structuring influence on assemblages, while in summer, water mixing rates for the five 
days prior to sampling, and surface salinities were also correlated to assemblage structure.   

Introduction

Project aims

This project aimed to document the seasonal and spatial variability in ichthyoplankton (larval 
fish) assemblages in inshore, shelf  and offshore waters off  Western Australia, and to relate this 
variability to environmental (physical, biological and meteorological) parameters.

Methods

Sample collection

Sampling for this study was carried out along an 84km transect, located off  the town of  Two 
Rocks (Figure 2.32). Five sampling stations (A - 18m depth, B - 40m, C - 100m, D - 300m, 
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E - 1000m), were sampled along the transect line. The sampling program involved monthly 
sampling (where possible) for a period of  two and a half  years; August 2002 to December 
2004. All stations were sampled on a quarterly basis, and the three inshore stations were 
sampled monthly. Samples were taken with replicated oblique bongo net tows fitted with 
355µm mesh (mouth area 0.196m2). Larval fish were removed from preserved plankton 
samples with the aid of  a dissecting microscope, and then identified to family, and species 
where possible, using relevant literature (e.g., Leis and Carson-Ewart, 2000; Neira et al., 1998). 

Data analyses

Using the flowmeters fitted to the plankton nets, the volume of  water sampled in each tow 
was calculated, allowing the expression of  larval fish numbers as densities per cubic metre 
of  seawater. Where replicate bongo tows existed, mean densities and standard errors 
were calculated. The relationship between larval fish assemblage structure and selected 
environmental variables was compared using the BIOENV procedure, in the Primer-6 software 
package (Clarke and Warwick., 2005). 

Figure 2.32: Study area off  south-western Australia, showing transect and stations sampled (H. 
Paterson).

The directional effects of  the environmental variables identified using the BIOENV procedure 
on larval fish assemblages were then examined using Principle Components Analysis (PCA), 
also in Primer-6. The PCA procedure uses the Euclidean distance similarity measure to 
plot points in space, and is therefore suitable for use with environmental data (Clarke and 
Warwick, 2001). All environmental data were fourth-root transformed prior to analysis, to 
remove skew effects, and then normalised. Normalisation of  environmental data removed the 
effect of  different units of  measurement. CTD and nutrient data from the SRFME Biophysical 
Oceanography project was used (Koslow et al., Vol. 2, see Ch. 3), as well as microzooplankton 
cell densities (Paterson et al., this volume, see section 2.2.9). The environmental variables used 
in all BIOENV analyses are shown in Table 2.3. Meteorological data was obtained from the 
Bureau of  Meteorology.  
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Table 2.3  Environmental variables used in BIOENV analyses to compare with larval fish assemblages. 
Variables which used a mean value for the three days prior to sampling are denoted by “avg. 3”, 
those representing a mean value for five days prior to sampling are denoted by “avg. 5”. CM denotes 
chlorophyll maximum layer.

Physical and biological variables Meteorological variables
Water depth (m) Max. air temperature (°C) (avg. 5).

Sea surface temperature (SST) Rainfall (mm) (avg. 5)

Salinity: surface  Solar radiation (MJ/m2) (avg. 5)

Photosynthetically available radiation (PAR): surface Hours of  sun (avg. 5)

Water temperature: CM Mean air temperature (°C) (avg. 5)

Salinity: CM Wind speed (m/s) (avg. 5)

PAR: CM Wind direction (to) (avg. 5)

Water Mass  Mixing (m/s3) (avg. 5)

Nitrates/nitrites (NOx): Surface Max. air temperature (°C) (avg. 3).

NOx: CM Rainfall (mm) (avg. 3)

Julian day Solar radiation (MJ/m2) (avg. 3)

Microzooplankton cells/L: surface Hours of  sun (avg. 3)

Microzooplankton cells/L: CM Mean air temperature (°C) (avg. 3)

Maximum chlorophyll α Wind speed (m/s) (avg. 3)

 Wind direction (to) (avg. 3)

 Mixing (m/s3) (avg. 3)

Results

A total of  24 865 fish larvae were identified from samples over the two and a half  years 
of  sampling, comprising 148 taxa from 93 families. Taxa collected included those from 
inshore reef  families, such as the Blennidae, Gobiidae and Monacanthidae, larvae of  
small pelagic families, such as the Clupeidae and Carangidae, and many oceanic taxa, 
from the Myctophidae, Phosichthydae and Gonostomatidae. Some tropical vagrant larvae 
were found, mostly from outer shelf  stations during summer and autumn, such as Chromis 
sp. 1 (Pomacentridae) and Psenes whiteleggii (Nomeidae). Calculation of  the percentage 
composition of  each sampling station (A to E) by family revealed strong spatial separation in 
larval fish assemblages with water depth (Figure 2.33). Fish larvae from the Gobiidae (20%), 
Clinidae (16%) and Tripterygiidae (13%) were the most abundant inshore (Station A). On the 
shelf, at stations B and C, fish larvae from the Clupeidae were the most abundant (18% and 
22% respectively), followed by those from the Labridae (18% and 15% respectively). However, 
station B assemblages contained a higher percentage of  Engraulidae (9%) and Creedidae 
(7%) fish larvae than station C, while station C assemblages contained more larvae from 
the Myctophidae (14%), and Acropomatidae (4%). Offshore, at stations D and E, larval fish 
assemblages were dominated by species from the Myctophidae (57% and 58% respectively). 
Fish larvae from the Phosichthydae (13% and 10%), and Gonostomatidae (3% and 7%) were 
also abundant at these stations. 

Larval fish densities/m3 were highly variable, and often seasonal (Figure 2.34). Densities at 
station A were the most predictable with season, being highest in the summer months (up to 
4.14 fish larvae/m3 in December 2004), and lowest during winter (down to 0.06 fish larvae/m3 in 
July 2004). Densities at stations B and C were more variable, with very high densities in the last 
three months of  2004 (up to 7.43 fish larvae/m3 at station B in October 2004). Stations D and E 
had lower, less variable densities, ranging from 0.03 fish larvae/m3 in August 2003 to 0.73 fish 
larvae/m3 in December 2003, both at station E. Some inter-annual variability in densities was 
evident, particularly at stations B and C, during spring and summer.
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Figure 2.33: Percentage composition by family of  the larval fish assemblage found at sampling stations A 
to E along the Two Rocks transect.
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Figure 2.34:  Density /m3 of  larval fish at stations A to E, August 2002 to December 2004.

 
BIOENV analysis was completed on all larval fish assemblage data, and then on various sub-
sets of  the data, to elucidate those environmental variables best correlated with assemblages 
within and between stations and seasons. Results from analyses within all winter samples, 
and within all summer samples, are displayed using PCA (Figure 2.35). When samples from 
winter were compared, the clear separation of  samples from station A was evident. The water 
column where these samples were taken was colder at the chlorophyll maximum layer (“Temp. 
CM”), and belonged to a different water mass to samples from other stations (winter inshore 
as opposed to Leeuwin Current). Water depth was shown to structure the rest of  the sampling 
stations, with microzooplankton cell density (microzoo. surf.) at the surface, and salinity at 
the CM also separating samples along approximately the same axis as water depth. Larval 
fish assemblages were shown to reflect these environmental characteristics, with station A 
assemblages distinct, and a less defined gradient existing from stations B to E. Summer larval 



� �    S R F M E  f i n a l  r e p o r t  2 0 0 6

fish assemblages were shown to be well matched to physical parameters, with samples clearly 
structured along a gradient of  water depth. There was further separation along PC2 by mixing 
(mean for 5 days previous to sampling: “mixing avg. 5”), with surface salinity showing only a 
slight influence. Larval fish assemblages were well aligned with the water depth gradient from left 
to right, and also showed some weak affinity with the mixing gradient along PC2 (Figure 2.35).

Figure 2.35:  PCA ordination of  season sub-groups of  samples by selected environmental variables 
identified using the BIOENV procedure: winter and summer samples. Labels represent station at which 
sample was taken.

Discussion

Results from this study suggest that larval fish assemblage structure was spatially and temporally 
variable, in response to water depth, water mass, and season. Different family groups dominated the 
inshore, shelf and offshore sampling stations. Larvae of small reef fishes, from families such as the 
Gobiidae and Blenniidae, were abundant inshore, while larvae of pelagic species, such as those from 
the Clupeidae and Carangidae dominated shelf assemblages. Offshore assemblages were largely 
comprised of the larvae of oceanic species, such as those from the Myctophidae, Phosichthydae 
and Gonostomatidae. Larvae from the Clupeidae (Sardinops sagax, Etrumeus teres), Engraulidae 
(Engraulis australis) and Carangidae (Pseudocaranx spp., Trachurus novazelandiae) represented the 
only commercially significant species found in any significant numbers. Larvae of other commercially 
important inshore and reef fish (e.g., Glaucosoma herbraicum, Pagrus auratus; Pomatomatus 
saltatrix) were caught either in very low numbers or not at all. This suggests that the open shelf and 
offshore water sampled in this study may be more important for larvae of pelagic species than for 
larvae of reef species. Inshore assemblages were found to be the most seasonal, with offshore 
assemblages the least so. Assemblage structure tended to mirror the seasonal variation in the 
oceanographic conditions found during each season, with the distribution of species across the shelf  
and offshore apparently strongly influenced by the current regime at the time of sampling. Correlation 
of larval fish assemblages to environmental variables showed water mass and water depth to be 
strongly correlated to assemblages, with smaller scale biological and meteorological factors also 
shown to be potentially important. Comparison between results of this analysis within winter samples, 
and within summer samples highlighted the contrasting oceanographic conditions, and hence larval 
fish assemblages at the two different times of year. In winter, inshore larval fish assemblages were 
strongly distinct from those at stations B to E, which showed less clear separation. This corresponded 
to the lower water temperatures found at station A in winter, which may be several degrees cooler 
than stations B to E, in the Leeuwin Current (Pearce et al., this volume). In summer, larval fish 
assemblages were also well distinguished by water depth, but the added water mass of the Capes 
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Current appeared to further distinguish assemblages from the two shelf stations (B and C). The 
added influence of mean mixing rates in the five days prior to sampling suggests that meteorological 
influences on parameters such as stratification may further structure larval fish assemblages within 
broader water mass groups. 
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Executive Summary

Seasonal and spatial variability in the microzooplankton assemblage off  south western Western 
Australia was evident.  The microzooplankton formed an important component of  the planktonic 
food web in this region, consuming ~60% of  the primary productivity.  Their biomass was 
greatest in winter, responding to increases in prey availability.  Their diversity was limited inshore, 
possibly due to the highly variable environment encountered.  Diversity increased with distance 
offshore as physical and chemical properties in addition to prey availability and predation 
become more stable.  Strictly heterotrophic cells were evenly distributed between inshore and 
offshore.  Those organisms harbouring endosymbionts had a higher biomass offshore where 
basic metabolic costs are covered by photosynthesis during periods of  low prey availability.  
Cells that are primarily photosynthetic, that may phagocytize particles were favoured inshore 
where they survived low nutrient environments more efficiently than do strictly autotrophic cells.

The grazing impact exerted by microzooplankton on phytoplankton was generally balanced 
in winter; however in summer phytoplankton growth rates tended to exceed grazing rates, 
effectively decoupling these rates.  Inshore, the sporadic availability of  diatoms caused this 
decoupling, as these phytoplankton are often too large to be consumed by microzooplankton.  
The mechanisms involved offshore in decoupling between phytoplankton growth and grazing 
losses during summer were more complex.  Microzooplankton appeared to graze at reduced 
rates, effectively maintaining the low phytoplankton biomass just above threshold feeding levels.
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