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Summary

Historical data and contemporary larval fish observations from the IMOS larval
fish monitoring along the East Coast of Australia indicate the EAC may be
affecting the larval fish community composition by distributing warm-water
communities further south. This restructuring of the larval fish community is
an expected impact of climate change that can have ecological and economic
implications for the region.
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Rationale

Most marine fish inhabit the upper water column during
their early life, with eggs and larvae developing as part of
the plankton. During this early life stage, fish are sensitive to
environmental changes, with many oceanographic, biological
and anthropogenic processes (e.g., eutrophication, pollution,
climate change and fisheries) influencing their distribution,
abundance and survival (Cowen et al., 2007, Hsieh et al.,
2006, Keane and Neira, 2008). This makes the monitoring of
larval fish a valuable tool for assessing ecosystem changes,
and a relatively low-cost and efficient means for monitoring
fish populations and communities (Koslow and Couture,
2013, Koslow and Wright, 2016). Larval fish time series can
reflect long-term changes in the fish community, including the
influence of large-scale oceanographic drivers of fish species
distributions (Booth et al., 2011, Last et al., 2011, Vergés et al.,
2016), and may also provide a valuable fishery-independent
indicator of stock size and stock boundaries (Leis and
McGrouther, 1996). Here we combine historical data on fish
larval abundance, diversity and distribution with contemporary
data from the Integrated Marine Observing System (IMOS) to
investigate the distribution of larval abundance and richness
down the east coast of Australia. We analyse seasonal
changes in the latitudinal distribution of larval fish abundance
and richness down the east coast. We also investigate whether
climate change is having an effect on larval fish distributions
by comparing the distribution of richness down the east coast
before 1998 with the contemporary estimates after 1998.
Our hypothesis is that as climate change has strengthened
the East Australian Current (EAC) (Ridgway, 2007, Ridgway
et al., 2008), larval fish communities should be more similar
down the east coast now than in previous years (see Section
on “Using zooplankton communities to estimate the relative
strength of the East Australian Current” by Rochester et al. for
a similar investigation).

Methods

We analysed data on larval fish assemblages from 11
surveys and programs from 1983-present in temperate and
subtropical Australian pelagic waters (Figure 1). Samples
were collected on the continental shelf (<200 m) and fish
larvae were classified to the lowest possible taxonomic
resolution. Historical data were compared with modern data
from IMOS National Reference Stations (NRS) at Maria Island,
Port Hacking and Stradbroke Island since 2009 off the east
coast of Australia (Smith et al., 2018). Data were sourced from
(Smith et al., 2018), the updated dataset will be available in
the IMOS Australian Ocean Data Network (AODN) (https://
portal.aodn.org.au/) in the near future.

We used generalised additive models to explore how spatial
patterns in larval fish abundance and richness changed
through time, using season and latitude as covariates. To
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assess changes in the larval community, we used Principal
Coordinates Analysis on a square-root transformed Bray-
Curtis dissimilarity matrix of larval fish assemblages, after
removing rare species.
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Figure 1. Locations of data for each Survey and the IMOS National Reference
Stations (IMOS NRS) at which monthly sampling of larval fishes is ongoing
are indicated.

Results and interpretation

Larval fish density was generally lower off the west coast,
and higher off the east coast of Australia (Figure 2). In the
west highest densities were off Perth, and in the east highest
densities were off the New South Wales coast.
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Figure 2. Density of larval fish (ind. m?) around Australia from historical
datasets and IMOS NRS stations in Maria Island, Port Hacking and
Stradbroke Island.

There was a strong latitudinal trend in species richness
in most seasons, with higher species richness in tropical
northern regions and a steep decline in abundance south
of 30°S (Figure 3). This decline in richness with increasing
latitude is typical for most species (Chaudhary et al., 2017).
The only season that did not show this decline in richness
with latitude was summer when species richness appears to
be more similar down the east coast (Figure 3a). This is likely
due to local spawning during summer near Tasmania, with the
strengthening of the EAC perhaps playing some role,
although, this cannot be confirmed at this stage.
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Figure 3. Seasonal effect of latitude on larval fish species richness in relation
to the mean, after accounting for the effects of bathymetry, sampling depth,
gear type (data not shown). The solid line represents the regression spline
fitted in a GAM with 95% confidence intervals for the mean fit.

Similarly, total abundance showed a strong latitudinal trend
in most seasons, with higher larval abundances in the north,
although summer again was the only exception (Figure 4).
In summer, there was little change in abundance down the
east coast. Again, this is due to local spawning driving the
increase in abundance in the higher latitudes, reflecting the
strong seasonal character in fish spawning for this region.
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Figure 4. Effect of latitude on larval fish abundance in relation to the mean,
after accounting for the effects of bathymetry, sampling depth, gear type.
Data were grouped into terrestrial seasons. The solid line represents the
regression spline fitted in a GAM with 95% confidence intervals for the mean
fit.

Based on the first Principal Coordinate Analysis, the larval
fish community has varied over time down the east coast of
Australia (Figure 5). Before 1998, there is a marked difference
in Principal Coordinate Analysis scores between northern
and southern Australia. By contrast, after 1998, the Principal
Coordinate Analysis scores varied less with latitude. Thus, the
larval fish assemblage south of 35°S appears more similar
to the northern assemblages post-1998. This might suggest
that post-1998 fish larval assemblages at southern latitudes
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became more similar to the northern assemblages compared
to those before 1998, an expected outcome under a warming
climate. However, at this point in time, data from Tasmanian
waters after the 1998 El Nino benchmark event is limited.
Therefore, these trends needs further investigation, and the
continuation of IMOS larval fish observations is crucial to
ascertain if this trend is real.
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Figure 5. PCO1 loadings from each sample plotted against latitude. The
red line is fitted using loess smoother for the post-1998 data with 95%
confidence intervals, and the black line is loess smoother for the pre-1998
data with 95% confidence intervals.

Implications for people and
ecosystems

Here we show that the abundance and diversity of fish
larvae decline towards the south of the east Australian
coast. Furthermore, we found that the EAC may be playing
an important role in what appears to be a weakening of
the latitudinal gradient of the larval fish assemblage post-
1998. This trend, is in agreement with the gradients found in
copepod communities along the east coast of Australia, with
warm-water communities being distributed further down the
east coast during summer (see State and Trends of Australia’s
Ocean Report 4.3: Use of zooplankton communities to
estimate the relative strength of the East Australian Current).
Collectively, these findings highlight the strong structuring role
that the EAC is having on pelagic communities down the east
coast of Australia.

The behaviour of the EAC also explains the long-term
changes in the distribution of fish larvae in response to climate
change we observed. The increase in the strength of the EAC
has driven a poleward shift in species distribution, which is
superimposed on local warming, promoting the transport of
warmer-water fish species further south (Booth et al., 2011,
Booth et al., 2007, Ridgway, 2007, Johnson et al., 2011,
Last et al., 2011). This explains why we observe more similar
communities of fish larvae down the east coast after 1998
compared with years beforehand.
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The shift in the distribution of marine organisms is one of
the main expected impacts of climate change and can
have ecological and economic consequences (Pecl et al.,
2017, Booth et al.,, 2011, Last et al.,, 2011).: Ecologically,
the movement of species causes the reshuffling of existing
communities (Booth et al., 2011, Vergés et al., 2016). The
southward shift in fish larval distributions may suggest that
spawning regions are shifting as the ocean warms due to
climate change — and although probably thermally suitable,
the impacts on recruitment are unclear. Thus, this shift in the
distribution of fish larvae could have an economic effect, with
some commercial species shifting away from current fishing
areas while presenting new opportunities in new regions.

The IMOS larval fish monitoring program fills a unique gap
in Australian marine science. It is the only monthly fisheries-
independent dataset for understanding the spawning of fish
that are of commercial and non-commercial importance.
As the time series grows, the IMOS larval fish monitoring
program will provide new insights into not only how fish larval
assemblages are changing their distribution with climate
change, but also how the timing of spawning might be
impacted.
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