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Abstract Seagrass plays a major rote in supporting the processes and function of the marine environment and
is a key fisheries habitat, which provides nursery, feeding and breeding areas for fish and crustaceans. Seagrass
beds also stabilise the seabed, trap sediments, reduce coastal erosion and provide the basis for the food chain
through photosynthesis. This paper forms a part of a PhDD project - the Development of a Seagrass Fish Habitat
model] - the aim of which is to construct a spatial and termnporal model which quantifies the effects of Seagrass
habitat oss upon fisheries production {in bicmass and dollars) in South Australia. Qualitative assessment of the
relationship between seagrass and fisheries production supports the assumption that degradation in seagrass
areas will detrimentally impact on the production of some species which are knowa to have a link with seagrass.
This paper describes a linear relationship between the two explanatory variables, effort (in boat days) and
seagrass arca, and the commercial catch of some economicatly important species in South Australia,

an area rich in seagrass meadows, Smith & Vesh
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The relationship between seagrass and the fauna it of estimated net primary production (production of
supports is the subject of considerable research and organic carbon by seagrass and plankton through
the literature is replete with information on species photosynthesis per unit area per unit time),
abundance and composition in and adjacent to
seagrass beds [Connolly, 1994; Connolly et al If a quantitative relationship can be established
1999; Ferrell and Beil, 1991; Heck and Orth, 1980; between seagrass and fisheries production through
Jenkins and Wheatley, 1998; Jenkins et al. [993a; the use of mathematical modelling, the ability to
Kikuchi, 1980]. It has been shown that the estimate the financial contribution of seagrass to
richness and abundance of marine fauna in seagrass this indusiry will be greatly enhanced. The
beds 1s greater than that in unvegetated areas [Beil primary aim of this study is to consfruct a celiular
& Pollard 1989; Connolly 1994; Bdgar et al. 1994; or unit moedel, which describes the relationship
Jenkins et al. 1997] and that this diversity declines between the seagrass area and the commercial
following seagrass destruction or dieback [Edgar et catch in each unit area. The unit cell is based on
al. 1993; Jenkins et al. 1993b]. As well as the GARFIS fishing blocks (see Figure 1} which
providing habitat for fisheries, seagrass meadows was estabfished in 1983 to aid collection and
play an important role in the processes and storage of commercial fishing data in South
resources of near-shore ecosystems. They are areas Australia.
of high biological productivity, they reduce water
movement and thereby prevent erosion, and they 2. BACKGROLND
trap sediments and organic matter, which provide Regression analysis provides a method by which
food for bottom foraging organisms.  Primary correlations between seagrass area and commercial
productivity {the conversion of sunlight into food, catch (in each fishing block) can be calculated.

-via_ . photosynthesis) . of . seagrass. .contributes ... The multiple linear regression model has the basic
significantly to the productivity of the marine form:

environment. In Spencer Gulf, in South Australia,
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where Y is the dependent response variable, and the
X; s are the independent explanatory variables. The
B s are regression coefficients and £ is an error
term, assumed to be normally distributed.

Scott et al. [19996}] establish a good correlation
between two explanatory variables {effort and
seagrass area) and the response variable
{commercial catch) using multiple linear regression
Their data was extracted from the GARFIS

database and included catch and effort figures from
58 fishing blocks, over a period of fifteen years for
eleven of the most highly prized species. Effort is
given in terms of the number of boat days spent in
pursuit of the corresponding catch, which is in
kilograms of live weight. Information on seagrass
and reef area in South Australia was supplied by
Edyvane, [1999]. Non-targeted catch and non-
targeted effort were not included and the total sum
of the seagrass and reef area were combined to
form the seagrass variable.
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Figure 1.

Diagram showing the South Australian fishing zones.

The shading indicates the approximate

distribution of seagrass. (Seagrass area data comes from Edyvane, 1999).

The regression models, which also included an
effort squared wvariable, were assessed with
comparisons made between resulting R? values.
The significance of each predictor was tested using
partial F-tests [Berenson et al. 1993}, This test
determines whether the addifion of the (k+1)th
variable improves the model, given the inclusion of
the previous k variables. For example; given the
linear model containing the variable ‘effort| does
the addition of the variable ‘seagrass’ (or the
addition of the variable effort squared’) improve
the model significantly? The F-test involves the
comparison of the ratio of the sums of squares due
to the new variable given the previous variable{s),
over the mean sum of squares, to a valve from the
t-distribution, given the appropriate degrees of
freedom.

-~ Scottetal. [1999a] developed. & seagrass residency .

index {SRI) which enables identification of those
species that display a close association in terms of

residency time’” with seagrass beds. Species with
high residency indices, in the context of the model
development, are indicated in Tabie 1, with their
corresponding  index. It was anticipated that
species with high SRis {greater than 0.7} would
have a significant contribution from the seagrass
variable contained in the model, and this proved to
be the case (see Table 2).

The models obtained from these analyses are given
in Table 2 with the corresponding coetlicients of
determination. The constant, [, was zero for all
species, and the significance for all variables is at
the (.05 level as determined by partial F-tests.
The presence of effort squared in the model in
conjunction with a negative coefficient, could
possibly indicate over fishing since a quadratic
model, when the coefficient of the squared term is

- negative,- has. a. maximum. poini - beyond. which
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further effort would not yield greater catch.



Species: Taxonomic MName SRi
Common Name

Southern Sea Garfish | Hvporhamphus melanochir (Valenciennes) (1,98
King George Whiting | Sillaginodes punciata (Cuvier) 0.96
Tommy Ruff Arripis georgiana {Valenciennes) 0.95
Southern Calamary Sepioteuthis australis (Quoy & Gaimard) 0.79
Blue Swimmer Crabs | Portunus pelagicus (Linnaeus)} (0.74) *estimate
Yellowfin Whiting Siflago schomburgkii (Peters) 0.64
Australian Salmon Artipis trattacea {Cuvier) (.56
Snapper Pagrus auratus (Forster) 0.37
Sand Flathead Piatycephalus bassensis (Cuvier) (0.26Y*estimate
Mutloway Argyrosomus holelepidotus (Lacepede) 0.0
Pilchard Sardinops sagax (Steindachner) 0.0

Table . List of species inciuded in the analysis. *Information for Blue crab and sand flathead was not
available to calculate their SRI, and an experts’ estimate has been given in place.

Species SRI Best Estimated Model R’
Southern Sea Garfish (.98 c= 1362 + 0.007e°+ 695 + £ (.980
King George Whiting 0.96 ¢ = 18e - 0.0004e" + 205 5 + £ (.930
Tommy Ruff 0.95 c =935 -0.506¢° + 8ls + ¢ 0.785
Southern Calamary 0.79 c=d7e-0.002¢° + 825 + ¢ 0.843
Blue Swimmer Crabs (0.74) c=[40e + 1875 + £ 0.882
Yeliowfin Whiting 0.64 c=370e-0177e" + 435 + £ 0.720
Australian Salmon .56 MN/A N/A
‘Snapper 10T e=T8 e+ 0001y e 0.958
Sand Flathead (0.26) c= -[23¢e +12¢°+ ¢ 0.957
Mulloway 0.0 c= 42¢ + 0.008¢" + & 0.990
Pilchard 0.0 c= 287¢ +4.8¢° + ¢ 0.681

Table 2. The resultant linear regression models from Scott et al. [1999b] giving the vatues of the regression
coefficients, f;, Bz Bsand the coefficients of determination, R,

3. METHOD
The results obtained in the study by Scott et al.
[1999b] prompted further investigation and

refinement of the model,  We have included non-
targeted catch and non-targeted effort and removed
the reef area contribution to the seagrass variable.
Days on which the effort is greater than zero and
the catch is zero are not recorded, which implies
that the actual cffort is not really known since
unsuccessful days are not counted. However the
fishers do record non-targeted catch and non-
targeted effort is calculated from the following
relationship [Fowler and McGarvey, 1997}

non-targeted catch. (2}
targeted catch

non-tareeted effort =
targeted effort
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The catch and effort is summed over 15 years of
data as before and the seagrass area is assumed to
be constant, We assume independence between the
two variables effort and seagrass area and support
this assumption by examining the statistical
correlations (r) between the two variables. The
results of these correlations is given in Table 3, and
although the r* js above 0.5 for three species,
(garfish, crab, snapper), it is possible that other
faciors are influencing effort. Some of these could
be the method of capture, the depth of water, and
the closeness to shore, all of which might have
positive or negative correlations to seagrass. Fhere
was no significant contribution to the model by the
seagrass variable {see Table 2) for those species
which have litile association with seagrass



throughout their life-history [Scott et al 1999a],
and all species with an SRI below (.7 have been
excluded from the present analysis leaving a total
of five species remaining in the study, which are
given in Table 4.

The modeis developed for all species in the study
by Scott et al. [1999b] inciuded effort as a
significant predictor in all cases, and this is
assumed for the revised regression modeis. The
regression coefficients were calculated using the

statistical  software package SPSS@®. The
significance of the second variable (seagrass) was
determined using the partial F-test. The model for
only one species includes effort squared, however,
the coefficient i3 positive, so over fishing is not
indicated. The constants in the regression models
were found to be zerc in all cases and the
significance of the correlation is at the 0.005 level.
The results of the regression analysis are given in
Table 4.

Correlation between
Species SRI seagrass ajmi effort
.
Southern Sea Garfish (.98 0.629
King George Whiting {(1.96 0).173
Tommy Ruff (.95 0315
Southern Calamary 0.79 0.132
Blue Swimmer Crabs (0.74) 0.576
Yellowfin Whiting 0.64 0.344
Australian Salmon (.56 0.007
Snapper 0.37 0.665
Mulioway 0.0 0.0035
Pilchard 0.0 (.038

Table 3. The correlation between seagrass and effort over all zones {or all of the species under investigation in
the project except for sand flathead, which is targeted primarily in only two zones, 35 and 34.

Best Model Effort only
“Species T Bust Kstimated Model | Adfusted RT | model 1 Fg tmproves [

Adjusted R° ment
Southern Seu Garfish c= 69 + 0.007¢" + 895 + & 0.979 0.952 2.7%
King George-Whiting e=18e +2875 + & (1.942 0.867 8.0%
Tommy Ruff =460 + 2865 + & 0.799 0.689 15.9%
Southern Calamary ¢c=42e + 1478 + &£ {.803 0.807 6.9%
Bive Swimmer Crabs c=120e + 349 + £ 0.898 0.859 4.5%

Table 4. The models which were determined for the five species with high SRI values (> 0.70) with their
corresponding coefficients of determination (R?). The ast two columas compares the regression model with the
contribution from the seagrass variable to that without.

4. CONCLUSIONS

The refinement of the data did not significantly
alter the nature of the regression models in
comparison to the models censtructed by Scott et
al. {1999b}); in fact, the order of magnitude of the
regression coefficients and the R values are
comparable. The removal of the reef area from the
data did not appear to alter the significance of the
contribution of ‘'seagrass’, whose contribution
remained significant. The refinement of the catch
and effort data to include non-targeted values
appeared to have the effect of eliminating the effort
squared variable from most of the models. In the
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garfish  model, effort squared conitributed
significantly to the prediction of catch whereas the
addition of seagrass resulted in only a marginal
increase in the R’ value (addition of s improved the
value from 0.977 1o L979) and this is reflected in
the failure of the partial F-test when seagrass is
added as a predictor. However, there is a 64%
correlation hetween area of seagrass and total catch
of garfish (targeted + non-targeied caich), and this
variable (seagrass) becomes significant when
added to a model which is quadratic in effort. A
scatter graph (Figure 3) shows the quadratic nature



of the data. The firal model for Garfish is

Gerfish Totdl Catchvs Totd Bfort
(Rsg=0953)

P

Total catch

10000 D

200 400 6000 8o
Totd Effort

Figure 3. A scaiter diagram of the catch and effort
for garfish, including the polynomial model in
effort.

An mmportant aspect of this investigation is the
relationship between effort and seagrass. The
motivation for lishers selecting a specific block to
target a particular species could involve very
compiicated issues. The blocks covering the two
gulfs are well represented by seagrass coverage,
and are both highly targeted commercial

Carfish: Ml vs Deta

GAFFIS Block

Figure 4. The graphical representation of the real
versus the predicted catch for garfish.

fishing areas which could be due to the proximity
to Adelaide and other major urban centres. It also
must be noted that although a block might contain
sigmificant seagrass area, there is still a
considerable expanse of bare sand in that same
block.

Figure 4 illustrates the exceptional fit of these
regression models. The two peaks where the catch
exceeds the predicted catch are in zones 21 and 35,
both of which contain considerable areas of
SeAgrass.
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tlustrated in Figure 4.

5. APPLICATION

These regression models will be incorporated into
the general seagrass fish-habitat spatial and
temporal model. This will consist of cellular units
which will estimate the fish biomass, in terms of
imports and exports, in that cell, Effort will be
given in terms of its most important predictors,
which have not yetr been identified, but will
certainly include a distance from Adelaide or
market price component. In essence, we are using
statistical methods to determine where there are
dependencies of one variable on others. eg. catch
is dependert on effort, effort squared and seagrass
for garfish. so in the spatal medel catch will be
assumed to be a function of effort. effort squared
and seagrass as in equation (3),

2
c, = f.(ee,s) (3)

ACKNOWLEDGMENTS: This is an Australian
Postgraduate Award (Industry) project funded by
the Commonwealth of Australia, the University of
South Austraiia and the South Australian Research
and Development Institute (SARDI). The authors
would like to thank Professor Jerzy Filar and Dr

Ross Frick-of “the University “of “South “Australia;

and the marine scientists at SARDI, for their
valuable contributions to and encouragement for
this project,

REFERENCES

Beli, J.D. and D A, Pollard, Ecology of fish
assemblages and fisheries associated with
seagrasses.  In: AW.D. Larkam, A.J.
McComb and S.A. Shepherd (ed)),
Biology of seagrasses: A treatise on the
biology of seagrasses with  special
reference  fo  the Australian region,
Elsevier, Amsterdam, 565-609, 1980,

Berenson, M. L., D. M. Levine, and M. Goidstein,

Intermediate  statistical  methods  and
applications: A computer package
approach. Prentice Hall, Englewood
Cliffs, N.J., 1993,

Connolly, R. M., A comparison of fish
assemblages from  seagrass and

unvegetated areas of a southern Australian
estuary. AustS Mar Freshwater Res. 45,
1G33-1044, 1994,

Cornolly, R.M., G.P. Jenkins, and N. Loneragan,



Links berween seagrass dynamics and
fisheries sustainability, {In Press), 1999,

Edgar, G., L. Hammond, and G. Watson,
Consequences for commercial fisheries of
loss  of seagrass beds in  southern
Australia. Final  Report  to  FRDC.
Victorian Institute of Marine Sciences,
Victoria, 1993,

Hdpar. G, C., Shaw, G. Watson, and L.S.
Hammond, Comparison of  species
richness, size-structure and prodaction of
benthos in vegetated and unvegetated
habitats 1n Western Port, Victoria
J Exp Mar Biol Ecol. 176 (2), 201-226,
1994,

Edyvane, K.S. Conserving Marine Biodiversity in
South Australia. Part |. Status review and
framework  for  marine  biodiversity
conservation in Scuth Australia. South
Australian  Research and Development
Tnstitute. 73pp. 1999,

Ferrell, D.J., and J.D. Bel}, Differences among
assemblages of fish associated with
Zostera capricorni and bare sand over a
large spatial scale. Mar.Ecol Prog.Ser. 72,
15-24, 1991,

Fowler, A1, and R. McGarvey, King George
Whiting (sillaginodes punctala}). Report
No. 97/6 Scuth Australian Research and
Development Institute, 93pp., 1997,

= Heck: ETrrand ReJ-Orthy-Seagrass habttats:

The roles of habitat  complexity,
competition and predation in structuring
associated fish and motile
macroinvertebrate assemblages. In: V.5,
Kennedy {ed.}, Estuarine Perspectives,
Academic Press, New York, 449-464,
1980.

Tenkins, G.P.. G. Watson, and L.S. Hammond,
Patterns of utilisation of seagrass
{Heterozostera) dominated habitats  as
nursery areas by commercially important
fish. Report No.{9 Victorian Institute of
Marine Sciences, East Melbourne, 19934,

Jenkins, G.P., G.,Edgar, HM.A. May, and C.

~ 846 -

Shaw, Hceological basis  for  parallel
declines in seagrass habitat and catches of
commercial fish in Western Port Bay,
Victoria, Austratian Government
Publishing Service, Canberra, 124136,
1993b.

Jenkins, G.P. and M.J. Wheatley, The influence of

habitat  structure  on nearshore  fish
assemblages in o southern Australian
embayment: 1. Comparison of shallow
seagrass, reef-algal. and unvegetated sand
habitats, with  emphasis  on  their
importance w recruitment.
L Exp.Mar. Bioi.Ecol., 221 (2), 147-172,
1998,

Jenkins, G.P., H.M.A. May, M.I. Wheatley, and

Kikuchi,

M.G. Holloway, Comparison of fish
assemblages associated with seagrass and
adjacent unvegetated habitats of  Port
Phillip Bay and Corner Inlet, Victoria,
Australia, with emphasis on commercial
species.  Estuarine, Coastal and  Shelf
Science 44 (3), 569-388, 1997,

T.. Faunal relationships in temperate
seagrass beds. In: R.C. Phillips and CP.
McRey (ed). Handbook of seagrass
biology: An  ecosvstem  perspective.,
Garland STPM Press, New York, 153-
172, 1980,

Scott, L.C., I'W. Boland, K.5. Edyvane, and G.K.

habitat model: 1. A seagrass residency
index for economically important species,
(In Press) Environmetrics, 1999a.

Scott, L.C., LW Boland, K.S. Edyvane, and G.K.

Smith, 5

Jones, Development of a seagrass-fish
habitat model. II: Statistical investigation
of links between fisheries production and
seagrass area for some economically
important fish species in South Australian
waters, {Submitted), 1999h.

V.. and H.H. Veeh, Mass balance of

biochemically active materials (C.N,P) in
a hypersaline gult. Estuarine, Coastal and
Shelf Science 29, 195-215, 1989,



