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1. SUMMARY 

This study has investigated factors that limit the populations of juvenile prawns in 

their nursery habi tats and the factors that affect the nursery habitats themselves. The 

broad aims of the pro ject -vvere: 

• To describe factors which determine the canying capacity of juvenile nursery 

habitats for tiger prawns (Pen.aeus esculentus and Penaeus sernlsulcatus). 

• To describe factors which limit the distribution of seagrass species that form 
important nursery habitats for juvenile tiger prawns. 

• Examine the distribution and abundance of juvenile banana prawns (Pen.aeus 
ll"lenJ.uiensf.)·) in different mamirove communities. < . � L' 

• To classify mangrove communities and describe their productivity. 

fn aclclition to investigating these a ims through experiments and collecting data in the 

field, cbta from past FIH.TA funclecl projects on juvenile tiger pravv'ns were analysed in 

greater detail to better define the critical nursery habitats for tiger prawns and when 
small prawns recru it to these habitats. 

Seagrasses and tiger prawns 
Factors afj"ectinf! searnasses ./., (...::' C' 

The amount of light reaching the seagr<�ss affected their grmvtl l in both the subrid�1l 
waters of the \vestcrn Gulf of Carpentaria (Groote Eylanclt), and in the intertidal 
\V::!lcrs of the eastern Gulf of Carpcntaria (Embley River estuary): the growth of 
seagr�tsses incn_'�tsed as the amount of available light reaching them incre;tsed. 

The seagrasses in the Embley Estuary \vere not nutrient limited - their grmvth and 

nutrient content in rbe tissues did not change after the addition of fertiliser. 

Both the large Enbalus acoroides and the much smaller Halodule unlnert.is survived 

short periods of exposure to water temperatures of 45 °C. However , after rwo months 

E. acoroidr?s grew fastest at temperatures of 30 and 35 °C, but died at -40 °C Enbalus 

acoroides and H. unineruis also survived a wide range of salinities (0- 45 1}{)(}), which 

combined with their temperature tolerance, helps explain \vhy they are t\VO of the 

dominant species in the intertidal wa rers of the eastern Gulf of Carpenraria, where 
• 

fresh\va ter runoff is greater than in the western Gulf . 

Critical nursetJ' habitat for tiger prawns 

The more detailed analyses of data collected from Groote Eylandt showed that 

virtually all postlarvae and most juvenile tiger pra\vns were caught in the intertidal and 
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shallow subtidal wa ters (::;; 2.0 m deep). It is likely, therefore , that only the seagrass 

beds in sha l low wa ters of the Northern Prawn Fishe ty act as  important settlement and 

nursety a reas  for tiger prawns. Catches of juven i le brown tiger pra\vns (Penaeu.s 

esculentu.s) were highes t  where the biomass of seagrass was highest . 

The importance of seagrass and algae to grooved (Pencteus senn"sulcatus) and brown 

tiger prawns was evalu a ted  by comprehensively analysing past data col lected from 

the Embley River estu�uy. The grooved tiger prawn was found at all sites during the 

pre-wet season, bu t after the onset of the wet sea son , they d isappeared along ·w ith 

the algae, from upstrenn algal sites. The brmvn tiger prawn was found almost 

exclusively on the ciO\"\rnstream seagrass sites. Tile results from this study higbliglu 

tlte importance of algal beds as nursery areas to grooved tiger prawns. 

Juvenile grooved tiger pravvns were abundant in the Emhley River estuary for up to 7 
months (October to April) of the year and often had a bimodal distribution in 

abuncbnce cluring this period. The bimodal distribution suggests that recruitment to 

the offshore fishe 1y probably occurs over 2 periods during the year, rather than on ly 1 
as was previously thought. This highlights the importance of taking into account 
seasonal v;niation in recruitment when estimating stock and recruitment rel:trionships. 

Environmental varia ti on seemed to have little e ffect on juvenile prawn abundances: 

the major ini1uence \vas the number of postlarvae reach ing the seagr�1ss from offshore. 

Settlernent 

Experiments with artificial seagrass shmved thar tiger prawn posrlarvae senle in 

greater numbers on structured habit;lts (i. e. seagrass and algae) than bare substrate. 

Predation on ne-.;vly settled t iger p rawn postlarvae a ppeared to be low. The rate of 

sertlement of plank tonic animals differed greatly between sires on different sides of 

the Embley River estua1y, v,rhich suggests that currents have an  important int1uence 

on the number of prawn postlarvae arriving a t  a seagrass bed. 

fl:ffect of density on growth and suruival 

The growth rate of small grooved t iger prawns declined with density of prawns 
stocked in enc losures (0.9 m2 in basal area) on intertida l seagrass beds. Howe�,:er, 
good grmvth rates were recorded at higher densities (3-5 times) than those norm.al ly .. 
found on these seagrasses. Growth ra tes were higher on the seagrass bed with higher 

biomass and the l arge-leaved Enbalus acoroides than on the b ed with the lo\v 
biomass and the much sm�l ller-leaved Halodule uninemis. These resu lts suggest that 

recru itment  is one of the factors li miting the numbers of prawns found on tropical 
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seagrass beds and that the carrying capacity of high biomass seagrass beds for juvenile 

tiger prawns is greater than that of low biomass beds. 

Feeding 

Small juvenile grooved tiger prawns fed throughout the clay and the night, even 
when seagrass beds were exposed at low tide. They feel mainly on diatoms, 

filamentous algae and copepocls in both the pre-vvet and late-vvet seasons. Other 

common prey items incluclecl ostracods, insect larvae, and nematodes. Feeding was 

reduced when prawns moulted, vvhicll took place every 3 clays. The diet of jLwenile 

tiger prawns in an intertidal seagrass bed and a subtidal a lgal bed ·was very sin1ilar, 

despite the marked differences in type and location of Lhese nursery habiuts. 

Contribution qf 1rzangroues and seagrass to jbod web 
rdultiple stable isotope anal ysis was used to assess the contribution of mangroves ;md 

scagrass to the food webs supporting juvenile penaeid pra·wns in the Embley River 
estuary and to those supporting larger pr;m·ns in Albatross Bay. :\1angroves made 

little contribu tion to the food \\reb of prawns in offshore waters, despite the export of 
la rge amounts of m;lll.grove m;Herial during the \Vet se;tson. In the estuary, mangroves 
only conrributed to the food web of juvenile pra\vns in upstream mangrove creeks: 
their contribution was very 10\v in downstream setgrass beds acljacent to mangrove 

forests. In these seagrass beds . juvenile pravvns \vcre deriving their nutrition from 
seagrasses or the epiphytes on seagrass. 

Predation on jul'enile tiger prawns in seagrass 

Although prawns 'were found in the guts of 37 di!Terenr fish species, the m:1jor impxt 

on penaeid populations was due to seven species : quecnfish (Scmn!Jeroides 
cotnnu:•r:mnia77US), threadfin salmon (Eleutheronema tetradac()'itnn), milk shark 
(Rbizoprionodon acutus), Hamilton 's anchovy (T7.n:vssa ba111iltcmi), golden-lined 

whiting (Si!lago ana/is), scalloped perchlet (Antbassis nalua) and the fringe-eyed 

t1athead ((v1nbacepbalus nernatopbtba!tnus). Fevver postlarvae and small prawns 

\"\rere eaten than expected , possibly because there is a large range of other small 

'pra\vn-like' prey in the seagrass beds . Predation on grooved tiger prawns \vas 

greatest when tbe prawns were most abundant. 

• 

A tethering device \vas developed to estimate predation ra tes experimentally in the 

field. Preliminary results indicate that predation of juvenile tiger pr�nvns is lower in 

dense seagrass (60 shoots per m2) than on bare substrate. This device has the 
potential to assess predation rates in different types of seagrass much more rapidly 

than through sa mpling the predators of prawns. However, funher \VOrk is needed to 



FRDC9�45: 1. Su� iv 

estimate the effects of the tethers on the behaviour of the prawns and predation rates 

on them. 

Mangroves and banana prawns 

Jl!Iangrove conununilies and litter production 

The mangroves of the Embley river were classified into three main communit ies by 

remote sensing and field surveys: those dominated by Rbizopbora (28 km2), Ceriops 

(26 km2) or Avicennia (15 km2). The Rbizopbora forests, which produced most 

lirrerfall, were the tallest, h;td the greatest canopy cover and the greatest surface area 

of ground structures or potential refuges for juvenile fish and crustaceans. All of the 
litter produced by the Rbizophora forests ·was quickly exported by the tides to other 

parts of the estuary, wh ich contrasts with the Ceriops ancl Al'icennia forests, \vhere 
the litterfall was only exported in the wet season. 

Seagrass leaves decomposed more rapidly than mangrove leaves , and both seagrass 
and mangrove le;tves decomposed more qu ickly in the wet season ;md in the subticLd 
zone. 

Distribution of banana prau.n1s and fish 

We found that small banana prawns (Penaeus nterguiensis) and fish use large areas 

of the mangrove forests fringing a small creek when they are inunclated at high tide. 
·rhe [Xa\vns and small fish move well into the mangroves and in doing so, probably 

gain some protection from predation by larger fish, which remain near the mangrove 
fringe. Small banana prawns had no preference for a particular type of nungrove 
forest. The importance of particular areas of mangroves ro juvenile pr<lvvns probably 
depends more on the local topography and ·water currems \Vithin tile mangrove 

forest. than on the type of mangrove . 
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2.  RECOMMENDATIONS 

May 1996 

• Despite their importance to the Northern prawn Fishery and the increasing 

number of environmental pressures on them especially from developments 

<Jssociated with mining, the current distribution of critical nursety habitats is not 

well documented, particularly outside the Gulf of Carpentaria. The mangroves 

and seagrasses of the NPF should be mapped. The most cost effective way of 

doing this would be through a combination of remote sensing and field surveys. 

This information would be invaluable when sections of the NPF are faced with 

proposals for development and for assessing future changes in the extent of 

nursery habitats and the likely impact on the fishery. 

V 

• \Vith the extensive amount of information that has been gathered on the biology, 

fishery and habitats in the Northern Prawn Fishery, it \voulcl be timely to develop 

a Geographic information System for the region \virh information on catchments, 

mangroves, seagrasses, juvenile prawns and commercial prawn catch and effort 

patterns. This would ;lllo'v a greater integration of diverse data sets and possible 

nunagement options, than has been possible in the pasr. ft would also make 3 

large amount of inform;ttion available to industry, n1;tnJ�ers and researchers in an 

easily understandable form. 

• The critical nursery llabitats of tiger pr�nvns have been clei'ined as a relatively 

narrow, shallov,, belt of seagrass. We also found rh;�t different scagrasses provide 

different value as nursery habitats for tiger prawns Past data on seagrass 

distribution and biomass needs to be evaluated \vith commercial tiger pr�n.vn 

catch data to assess the commercial productivity of tiger pra\vns offshore from 

different types of seagrass beds. Shallmv seagrass areas are often tile most 

susceptible to disturbance and developments and must continue to be protected . 

Further information on the rehabilitation of tropical seagrasses would also be 

·worthwhile when assessing the likely impacts of developments. 

• Under experimental conditions, some seagrass beds were able to support much 

higher densities of juvenile tiger prav·ms than are found in n;tture. These results 

suggest that it may be possible to enhance natural populations of tiger prawns by 

stocking natural seagrass beds with aquaculture reared animals . 
• 
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• Since banana prawns use all of the mangrove forests in small creeks where 

abundances of prawns are high, these areas should continue to be protected. 

Requests for permits to impact mangroves shou ld continue to be carefully 

evalua ted. 

vi 

• Several new techniques were developed during this study: remote sensing to 
ma p mangroves; a rtificial  seagrass units to study rhe sett lement of postlarvae and 

early juvenile tiger prawns; tethers to estirnate predation rates on juven i le tiger 

prawns; and a large stake net to study the distribution of prawns and fish in 
different mangrove forests . The artificial seagrass units and stake nets can be 
used to increase our understanding of the biology of prawns immediately e.g. in 

studying the use of m.angroves in areas where banana prawns are less abundant 

than they arc in sma l l mangrove creeks. However, further ·work is required to 

assess more fully the affects of the tethers and their impacts on the behaviour of 
the pra\vns a nd predation ra tes on them, in di!Terent h<d)itats. 
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3. BACKGROUND 

Research on prawns in their  nursery grounds of the Northern Prawn Fishety has 

established the genera l importance of differenr habitat types a nd when prawns are 

found in these habita t s .  However, research has been concentra ted in the Gulf of 

Carpentaria and little is known about the factors that affect prawns in their nurseries. 

The work completed in this s tu dy has built on previous work in attempting to 

increase our unders ta nding of how mangroves and seagrasses act as nursety habita ts 

for juvenile prawns. It has also focussed on evalua ting the relative import<mce of 

different types of  ma ngroves and seagrasses to juvenile prawns. 

Pa rts of t his Proj ect have be en accepted for publ ica t ion, or are being p repared for 

p u b li ca t ion in scientific jou rna ls and other media (see List of Pu blica t ions , p vii) . 

Habitat studies (Section 4) 
The productivi ty of the Northern Prawn Fishery (one of Aus tra lia's mos t va lua bl e  
fisheries) is dependent on coas tal  nursety habitats .  I n  previous s tu d ies CSI RO has 

mapped the distribution a nd de termined the productivity of seagra sses i n  the Gulf of 

Ca rpenta ria . \X!e h a ve a l so studied the regenerat ion of seagrass  beds a fter Cyclone 

Sandy (March 1 985) in the south-\vestern Gulf of Carpentaria . 

The work presented i n  Section 4 of th is report exa rnines the chara cteristics of the 
cri tica l nursety ha bitats (both ma ngroves a nd seagrass) themselves , and factors that 
affect them: The phys ica l fa ctors tha t  ma y a ffect the growth and dis tribu tio n  of 

seagrasses a re exa mi ned in Section 4 . 1 :  The d istribu tion of mangroves within t he  

Embley Est1..1 ary a re rna ppecl a nd classified . a nd the productivity and p hysica l s tru cture 

of the main ma ngrove communities a re described (l 11d compared to globa l va lues in  

Section 4 . 2 ;  a nd The decomposition o f  mangrove and seagrass leaves was studied in  
the Embley River t o  u ndersta nd how quickly ma terial can enter the food cha i n via the 
detritus pathway in Section 4 . 3 . 

Work i n  Section 4 was coordinated and lead by Carol Conacher. The work on the 

effects of fertil isa t ion o n  seagrass in Secti on 4 . 1  was carried out in  collabora tion wit h  
Or \Y/ .  Dennison a nd h is group a t  the Department o f  Botany, Univers ity o f  

Queensland .  
• 
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Tiger pra wns and seagrass (Section 5) 

2 

Because of the h igh va lue of tiger pr;nvns to the Northern Prawn Fishery and concerns 

abou t whe ther the cu rrent cat ch ra tes a re susta i nab le , more work was u ndertaken in 

th is section of the Project than in other a reas .  Previous studies have examined the 

types of nursery habi ta t  tha t a re important and when juvenile tiger prawns recru it to 

them. However, we know little about the processes that affect ju veni le prawns in 

these hab i ta ts . P a rt of this project has a na lysed past data in much grea ter detai l  to 

better defi ne th e nurseries (Section 5 . 1 ) a nd the timing of recru itment to the nu rseries 

(Section 5 . 2) .  The other work in this section looks a t  the important processes in 

seagrass beds : Sett lement (Section 5 . 3) ;  Growth of prawns at d ifferent experimental 

densities (Section 5 .4 ) ;  Feeding (Section 5 . 5 ) ; Whether Mangroves a nd Seagrasses 

contrib u te to the food \veb of j u veni le praw·ns (Section 5 . 6) a nd Precb tion (Sect ion 

5 . 7) . \X!e a lso examined how these processes are affected by the type of se<I gra ss a nd 

its chara cteris t ics . 

Work in Section 5 \va s  coordinated a nd lead by the following people:  5 . 1 Defi ning 
crit ica l habita ts - Neil  Lonera gan and IVlick H aywood; 5 . 2  Sea sona l a nd intera nnual  

pat terns - 0Jvid Va nce : 5 .3  Settlement - Rob Kenyon; 5 .4 Effects of density 
Neil Loneraga n: 5 .  5 Feeding - Don Hea les ; 5 . 6  Contribution of sea grass  and 
mangroves - Nei l Loneragan;  5 . 7  Predation - Mid: Haywood. Bob Penclrey 

deve loped m;my of  the n e w  techniques in this proposa l . Experimenra l ,,·ork on the 
settlement of tiger pra ,, ·n pos t larvae \vas  ca rri ed with Dr Liu Heng \vhi le s he \vas 
fu nded by a Pos rcloctor a l  Fellowsh ip from the Institu te of Oceanology, C hinese 
Aca d emy of Sc iences .  \Xi'ork o n  a ssessing the contribution o f  ma ngroves a nd 
seagrasses to t he food web o f  j u venile prawns vvas  carried out with Dr Stu:n-r Bu n n  

and M s  Domi n i ca Kelbway a t  the Fa cu l ty of Environmental Sciences , Griffi th  
University. 

Banana praums and n1angroves (Section 6) 
As with the work on t iger prawns , p revious studies of juvenile banana prawns have 

concentra ted on d efi ning the crit ical  nu rsety ha bitats and when juveni le bana na 

prawns recruit  to their nu rse1y ha b i ta ts . These studies have highlighted the 
importance of ma ngroYc-l ined creeks but we did not know how much of the 

mangrove forests a re used by prawns .  In this section we deve loped techniques to  
• 

sample prawns a nd fish  ·wi t hin the mangrove forest to help us understand how much 

of the mangrove forest is used,  a nd whe ther different types of ma ngroves are used to 

the same extent by ban a na pra\vns . \'Vork in this section was coordina ted a nd lead by 

Davicl Vance . 
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4. 1 Factors a ffecting the distribution and growth of seagrasses in the Gulf of 

Carpentaria: light, temperature, salinity and nutrients 

Introduction 

Seagra sses provide an important source of food a nd shelter for a diverse range of 

ma rine orga nisms (Bell and Pollard 1 989) , a nd a lso structu re ecos ystems , and stabilise 

coas t l i nes (La rkum et a l .  1 989) . In tropical Austra lia,  seagrass beds provide va lua ble 

habita ts for ma ny recreationally a nd commercia l ly important species , particularly 

grooved (P. semisulcatus) a nd brown tiger pra�vns (P. esculentus). These prawns are 

dependent on seagrass a nd a lgal beds for hab i ta t du ring their pos t larva l  and ju venile 

s tages ( Lonerag;m e t ; t l .  1 994,  H a ywood et  al .  1 995) .  

3 

Approxim a te ly  1 4  species of seagrass a re found i n  northe rn a nd norr ll -ea sLern trop ica l 

Austra l ia . 1\:Ios t of these species ha ve a dis junct dis tribution, a nd are fou nd on the 

\VCs t c rn  s ide of the Gulf  of Ca rpenra ri a ,  in Torres S tra i t , a nd on t h e  north-eastern coas t 
of Queens land ; only a few species are fou nd on the eastern s id e of rhe Gulf of 

Ca rpen t a ria . I n  the eastern Gu lf of Ca rpenra ria , seagra ss beds a re u s u a l ly found in 

estua ries a n d a re domina ted by Enba!us acoroides and Halodule un inen>t��-, with some 

fla!oph ila ouaH�- (Poiner et a l .  1987) . 

\'Chile t b e  sea gra sses of northern and north-eas tern tropica l Aus tra l ia have been 

ma pped a nd classified into communities (Poiner et al. 1 987) , li tt le is kno\vn of the 

b ctors contro l l i ng their dis tribution . Light, tempera ture, sa l ini ty, nu trie nt a va ila bility 

a ncl w�! l e r  mov e me nts a l l  affect the prima ry productivi ty, a nd he nce t h e  d istribu t ion of 

scagr;t sscs ( H i l lma n et  a l .  1 989} 

\\'e u sed �l combina lion of field, aquarium a ncl la bora t01y experime nrs ro cktennine 

the in11uence of light, temperature, salinity, a nd nutrient a va i la bility on the growth of 

tropica l seagra sses .  
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Methods 

Field experiments 
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Field experiments were underta ken in  the Emb ley River, in the north-eastern Gu lf of 

Carpenta ria and at Groote Eyla ndt in the north \vestern Gul f. The dom.inanr seagra sses 

in the Embley River a re Enbalus acoroides a nd Halodule u nineruis, with very spa rse 

Halopb ila ova/is. Most seagrasses in  this estuary a re intertida l .  In contras t , 8 species 

of  seagrass are fou nd at Groote Eyla ndt , often in  seagrass beds with more than one 

s pecies , a nd in both intertida l a nd su btida l waters .  

\Y!e measu red the ligh t,  depth ,  tempera tu re , nu trient a nd sa l ini ty regimes on the  

seagrass beds and determined their growth ,  distr ibu tion, density a nd morp h ology a t  

tvvo s i tes (Sg l and Sg2) i n  the Embl e y  River and a t  two loca t i ons a t  Groo te Eyla ndt .  I n  

the Embley River,  w e  a lso completed a nut rient enrichment experiment t o  test whether 

the growth o f  seagra sses was l imirecl by n utrients .  

(a) Depth 

Because the tra nsmission of l igh t  is a ttenua ted by wa ter, seagra sses growi ng in deeper 

wa ter usu a l ly receive less light tha n those grovving in sha l lo·w \\r;ner. In  the Embley 
River, we measured the growth of Enba!us acoroides a nd I-!alodule u n ineruis at  two 

inter-tida l sites (Sg1 and Sg2) at different depths in the dry (Tune 1 993) and wet (March 

1 99·f) sea sons . The mean maximu m depth at Sg1 ranged from 1 . 2  to 1. 5  m in Ju ne 

1 993 a nd from 1 . 5  to 2 . 0  m in M;t rch 1 994. The mean maximu m depth at Sg2 was 

a bout  0 . 5 m sha l lower than tha t at Sg 1 in both June (0 .7  to 1 . 0  m) a nd Ma rch (1 . 0  to 

1 . 5  m). 

At Grootc Eylanclt, we measured the grm:vt l l  of Enba!us acoroides (su bticb l beds: 
mew maximum depth = 2 . 1 to 3 . 1  m) , I-falodu!e uninervis (intertida l  beds : mea n  

maximum dep th = 0 . 8  t o  1 . 2  m) a nd c._v,nodocea serrulata (subticla l beds : mean 
maximum depth = 2 . 1  to 4. 5 m) at d i fferent depths a t  the start of the wet season in 

December 1 994. 

The growth of Enba!us acoroides a nd c._vnzodocea serrulata wa s measured using a lea f 

ma rking technique:  leaves were ma rked just a bove the meristem a nd left to grcY;;v for 

a pproxi mately 1 0  clays . As the ou ter most kaves do not grow, the difference in the 

position of the tag berv,reen the younger leaves and the oldest !eat gives a n  estimate of 

growth.  Because of i ts  smal l  size, the grmvth of I-Jalodule u n inervis \va s measu red 
u sing a rhizome tag: a tag was p laced behind the te1:nuna l shoot of ;1 rh izome a nd 

new growth wa s estima ted from the number of new shoots produced over a given 

t ime period . Seasonal data for seagra ss growth on Groote Eylandt from previous 
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studies were also re-a na lysed . I ncident light and light a ttenuation withi n the \Va ter  

column were mea sured when the seagrass beds were covered with water, between 1 0  
a m  and 4 pm during the growth experiments. 

(b) Nutrient en ricb rnent 
We fertilised seagra ss beds in the Embley River to see if growth was l imited by 
nu trient avai lability. In December 1 993 , s low release fertil iser (N, P, a nd N + P) 1.vas  

a dded to  3 m 2  plots i n  a mixed bed of E. acoroides and H unineruis. The p lots \vcre 
ma rked a nd the seagrasses left to grow for 3 months.  In March 1994, the gro,vth of 

each species in each trea tme nt wa s measured as described above; the shoo t densi ty 

a nd morp hology of ea ch species was derenni ned;  a nd the nu trient content  of  seagrJss 
lea C t issue a nd the soi l  \ve re mea s u red in the fertilised a nd control p l ots .  lh: r�1 tes o f 
nitrogen fixa t ion and sulf<t te reduction were a lso measured. 

Laborat01y e.xperinwnts 

(a) Long term ajfect of temperature on g rowth 

The response of Enhalus acoroides to different tempera tures was measu red in  i ncl oor 

aqu a ria . P lants �verc collected from the Embley River in November 1 993 a nd a i r  
fre ighted t o  the CS IRO J\tbrine La bora tories a t  C leveland . They were then a ccl ima tec! 
in indoor aquaria for 4 months . In March 1 994, plants were randomly assigned to one 

of 6 different tempera tures (1 5 ,  20 ,  2 5 ,  30, 3 5 and 40°C) and a l lowed to grO\Y for 1 0 5  
da ys .  The morphology a nd growth o f  the pla nts were measured a t  the beginni ng a nd 
a t  the e nd of the tempera tu re tria ls .  

(/J) Sburt /enn C"tjfects qf lernperalu re and salini(li on pbotos_vntbesis 
The s llort term response of the lea f tissue of E. acoroides a nd H. u n inerris to cha nges 
in tempera ture.  sa lini ty �mcl light we re measured using a 'Clarke' type oxygen 
electrode . Small  (a p prox 1 cm2) pieces of leaf tissue were put into the oxygen 

electrode chamber a ncl their rates of photosynthesis and respiration were measu red a t  
different tempera tures 0 5 - 47. 5  °C), salinities (0 - 4 5  %o) and light levels (0 -
1 500 )1 0 .  The seagrass  t issu e was a cclimated in the chamber for approximate ly  3 mi n 

before the a bove rates were measured over the next 5 - 1 0  minutes.  
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Results 

Field experiments 
(a) Depth 
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I n  genera l , tu rbi di ty a t  the seagrass beds a rou nd Groote Eylandt was lov-.re r than in the 

Embley Ri ver. At Groote Eyla ndt, light decreased wi th dep t h at a ll s i tes where growth 

measurements were ma de . 

I n  the intertida l sea grass beds of the Emb ley River,  incident ligh t a nd l ight rea chi ng the 

seagrass , 1.vas  h ighe r in the city tha n the \Ve t season. However, in the Embley River 

the mid-depth a nd deep s i tes frequently received more l igh t than t he s ha l low s i tes clue 

ro di fferences in \\ra rer t urbidi ty . I n the d t)· season, l igh t rea ch i ng the seagrass beds 
was h igh est  a t  th e mic! a nd dee pes t depths at both si res .  I n  the \Vet  sea s o n ,  l igh t \vas 

highest  at  the rniclclle d ep th at  one s i te a nd there was no diffe rence bet-.;veen dep t h s  at  
the orher s i te . 

Enbalus acoroides 
S hoot dens i ty vvas much higher a t  Sgl (u p to 70 s hoots nr:Z) in the Embley R iver tha n  

a t  Sg2 o r  a t  Groore Eyb ndt (< 1 0  s hoots m-2) .  A t  Sg l ,  shoot density was very low in 
the h igh intenicl a l ,  highest in the mic! intertid a l a ncl then decreased with dep t h .  At Sg2 

a nd a t  Groote E ylandt s hoot density \vas highest at  the shal lmvest s ites and decrea sed 

with depLh . 

Th e growth o f  E. acoroides per s hoot wa s higher on Groote Eyla ndt  (60 nun s h oor - 1  

cb y · 1 )  t h a n a t  Sgl or Sg2 (< 5 0  nu11 s l10ot - 1  cl a v  - 1 )  ( Fig .  4 . 1 . U. HO\vever, grow-rh per 

m2 was h ighest at Sg l in the Embley River ( Fig.  4. 1 . 2) because of the high s h oot  

density a t  this  s i te .  

In the Emb ley H.iver, the growth per  shoot of E.  acoroides was s lightly higher in t h e  

city se;t son tha n t h e  w e t .  A t  Sgl , gro\\rth p e r  shoot d ecreased with depth , hmvever, 

growt h per m 2  followed the density pa ttern , i . e .  i r  was ve ry low in the high intertida l ,  

highest in  t he mid intertida l and then decrea sed with dep th . At Sg2 and Groote 

Eylancl r  there \.va s  no difference in growth per shoot with dep th . However, gro"vrh 

per m:Z cl ecrcasecl with depth at Groote Eyla ndL 

At Groorc Eyla nclt, lea f length increased with depth. I n  contrast, i�T the Emb ley Hiver it  

decrea sed \.Vith depth except in the very high intert ida l a t  s i te Sgl . I n  the Embley 

Ri ver, lea f lengt h \Va s  lower in the dry season tha n the wet .  Lea f  width did not  vary 
with depth or se;l son. 
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Halodule unineruL'I 
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In the Embley River, the growth of H. uninerois on both a per shoot basis (i. e .  shoots 

per shoot) and on a u nit area basis (i . e .  shoo ts per m2) decreased as depth increased 

(Fig. 4. 1 .3) .  However, on Groo te Eyla ndt while new shoot production per shoot was 

highes t in shallower wa ter, shoot product ion per square meter was highes t in the 

middle dep th (Fig 4 . 1 .3) .  The leaf lengt h  a nd width of H. uninerLJis did not va ty in  

any consistent pattern with depth.  

CJnnodocea serrulata 

The shoot density of C. sermlata was very lmv a t  the shallow a nd deep wa ter sites a t  

Groote Eylancl r .  The growth p e r  s hoot \vas  h ighest  i n  the deep \Va ter s i te , b u t  g:row t l l  

per m 2  wa s h ighest i n  the m.i clcl le depth (Fig .  4. 1 . 4) .  The maximum lea f length of 
C. serru!ata was significa ntly higher in deeper tha n  sha l low \Va ter. However. lea f 
width d id not change with depth .  

(!J) Nutrient enrich ment 

7 

Although the interstitia l a nd adsorbed sediment  nutrient concentra tions increased, the 
growth and tissue nutrient �ontent of the seagrasses did not change a fter fert i l isa tion. 

The n�t tur a l concentra tions of nutriems of the seagrass tissue in the Emblcy Eiver 

estu a ry were h igh compared to those in other regions (Duarte 1990).  Nitrogen fixa tion 
a nd su l pha te reduction ra tes in the seagrasses of the Embley River estua ry were lo\v 

compa red to those from other regions , and were pos i tive ly correlated \vi tb  the ra tio of 

below: above-ground biomass .  

La!Jora!oJy e:xperimenls 
(a) Long tenn ajfect o/temperature cm gro zulb 
At the beginning of the tempera ture tria ls,  the growth ra te of Enbalus acoroides leaves 

increased with tempera ture bet"'>veen 1 5  and 35 °C, with a maximum at  35  °( 

(Fig. 4 . 1 . 5) .  The grmvth of leaves at 1 5  and 40 °( was vety low. After 1 0 5  days,  the 

growth ra re of E. acoroides leaves was highest at 30 °( and all the pla nts a r  1 5  ancl 

40 °( had died . Th e morphology of the p la nts a lso changed with tempera ture .  Pb l1[s · 

growing a t  30 °C had s ignifica nt ly longer and broader leaves tha n t hose growing a r  

20 °C .  

(b) Short term ajfects of temperature a n d  salini�v on pboto::.yntbes��" 
The l ight level  for maximum photosynthesis was about 350 J.LE for both Enhalus 
aco roides � tnd Jialodule rmineruis. The net ra te of photosynthesis, which is t l te su m 
of oxygen production (photosynthesis) a nd oxygen consumption (respira tion) w�Is 

highest between 25  a ncl _) 5  °C for both species of seagrass (Fig 4 . 1 .6a).  At \v:ner 
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tempera tu res below 25 °C,  respira tion, photosynthesis a nd net photosynthesis -.vere 

low, whilst a bove 3 5  °C,  photosynthesis decreased a nd respira tion i ncrea sed, resulting 

in low net photosynthes is .  Despite this trend, there was still posi tive net 

photosynthesis a t  45 °C . 

The net p hotosynthesis of  both E. acoroides a nd H. unineruis was posi tive througbout 

the ra nge of sa l ini ties we tested (0 - 45 1Yll0) , with the highest net photosynthesis 

bet\·veen 10 and 35  %o (Fig 4 . 1 . 6b) . 

Discuss ion 

Depth 
In genera l l ight  decreased wi t h depth . H owever, in the sha l low i ntenicb l s i t es i n  the 

Embl ey  River, l ight  was o fte n lo'v due to very high \Va ter tur b i d ity.  Light levels 
reaching the seagrass were h igher on Groote r:yla ndt than in the Embley River, a nd 

light leve ls in  the Embley River vvere higher in the dry season tha n in  the wer .  

S imi larl y, growth per s hoot o f  Enbalus acoroides tended to decrease \Vi th  clecre:1 s ing 

l ight ; i t  wa s higher on Groote Eyla nclt th�m in the Embley River; a nd in the Embley 
River wa s l l igb er in the chy season than in  the wer. This suggests that the a \ ·a i lability 

of light has a ma jor affect on the growth of E. acoroides in these beds . 

Howeve r, \vhen growth is measured on t he bas i s  of area (i . e . per m:Z), ir becomes 

obvious tha t oth e r  b ctors a re a lso importanr .  In  general ,  differences in  s h oot dens i ty  

\vere much grener tha n differe n ces i n  growth per shoot, a nd grmvr h per  m2 therefore 
fol l ows the p:me rns in s hoot densi ty, with lo\vesr shoot density and growt h per rn2 in 

the h ig l 1- i ntert ida l ,  a nd highest in the mid-intertida l ,  particu la rl y  at Sg l .  Growth per 
m2 then cl ecrea st�d with increasi ng depth.  Other factors which may a ffect shoot 

density :me! consequently growth per m2 include desiccation at low ride ; high 

tempera tures on the intertida l fla ts ; differences in sediment composi t ion; ;me! 
differences in Yva t e r  movement. 

The growt h  of Halodule unineruis i n  the Embley River was highest i n  the sha l lowest 

wa ter. However, as turb i di ty was a lso high in the shallow water, gro\vt h 'va s not 

corre lated with  a va i la ble  l ight 'vhen the beds were inundated. This suggests r lut  these 

beds a re ca p:1ble of phorosynthesising u nhindered, when they a re
• 

exposed by the 

r ide .  

Although the growth of individua l  shoots of Cymodocea sermlata a t  Groote Eylai1dt 

i ncreased \Vi th depth a nd wi th decrea sing light, growth per m2 decreased. Therefore , 
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as depth i ncreases a nd l igh t decreases,  the production of new shoots by C serrulata 

mus t  decrease .  

Nutrients 

9 

The nutrient content o f  the tissues of Enbalus acoroides and Halodule u n inercis in the 

Embley River is h igh compared to those of  seagrasses in other regions . The growth 

and tissue nutrient contents of seagrasses were not a ffected by fertil isation and thus 

the growth of seagrasses in the Embley River is probably not nutrient l imited. Nutrient  

i npu t  in the Embley River, particu larly during the we t season is  l ikely to be high .  In 
addition, a s  the sediment particl e s ize in  the river is  smal l  there may be high 

a bsorption ra tes of nutrients to particles �.vhicb ma y retain nu trients for the growth or  

seagra sses du ring t h e  city season a nd accou nt for t h e  low ra tes of  nitrogen fixat ion . 

Te1nperatu re 
l n  t he short term la bora tory experiments ,  the n e r  p hotosynthesis of  Enbalus acoroides 
w a s  high est  between 2 5  and 3 5  °C,  whilst  in the long term aqua ri u m  expcrimenrs 

growth \vas  i ni t ia lly highest at 3 5  °C and then at 30 °C These results suggest t h a t  
Enha!us acorn ides can ma i ntain high n e t  photosynthesis a t  high tempera tures for s hort 

period s ,  bu r not for longer periods . In fie ld experiments on Groote Eylandt ,  the 
growth of E. acoroides increased with \Vater tempera ture and was significa ntly higher 
·when the ·water tempera ture was 30 °C or higher ( Ke nyon et a l . , CS I RO edi ting} 

I n the s h ort term experi ments , both E. acoroides a nd Halodule u ninercis conri nuecl to 

h a ve pos i t i ve net photos ynth esis a t  tempera tures as  high as 40 °C .  I n  the long t e rm 

experi me nts , E. acoroides died after tvvo months a t  40 °C .  The ability to s u rv i v e  a t  
least short periods a t  vet)' h igh temperatures enha nces the abil ity of these se; tgrasses 

to survi ve a nd pers is t on the intertidal t1a ts of the Gulf of Carpentaria , where \Va ter 

temperatures ca n exceed 40 °C .  

Salini!J' 
Both Enba/zL..<; acornides and Halodule u nineruL<; continued to have positive net 
photosynthesis over a broad range of sa linit ies, \vi th the highest net photosynthesis 

ber-vveen 10 a nd 35 %o. Halodule wzinerl'is is tolerant of a wide range of  s�l l i ni t ies ,  

a nd to  11uctua t ions i n  sa l i ni ty ,  a nd i s  found in estuaries and hypers a l i ne lagoons (den 
Hartog 1970) . I n  contr;t st,  :d t hough our experiments show that l acoroides to lera tes a 

wide ra nge or sa l in ities ,  a t  least  i n  the short term, it is not usua l ly fou nd in very h igh 
or ve1y low sa lini ty cond i t ions in the field . The abi l i ty of these two species to 

\vi thsta ncl short term decre:1 ses in salinity helps explain  the ir broad distribu tion i n  the 

Gu lf  of Carpenta ria , both in the western Gulf  v.rhere only smal l  cha nges in s ;t l inity 
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cha nges 3 re recorded, and i n  the ea s tern Gulf, where much larger changes a rc found .  
Scagrass such as G_vmodocea serrulata , th3t a re only found on the western sid e of the 
Gulf, a re proba bly less toler3 nt of decreases in sa linity than E. acoroides a nd 

H. unineruis (den Ha rtog , 1 970). 

Conclusions 

Approxima tely 1 4 species of seagrass a re fou nd in northern a nd north-eastern trop ica l 

Austra l ia .  They provide critica l habitats for the pos tla rvae and juveni le s tages of t iger 

prawns. However, a bout 1 1  species of seagrass a re found in the western Gulf of 
Carpentaria a n d  only 3 on the ea stern Gulf o f  Ca rpenta ria . We used a combin;;l t ion of 
field,  a qua riu m and la hora tOty experi me nrs to examine some of the factors \vl l ic l l  ma y 
control the growth a nd distr ibution of tropica l seagrasses .  

In subt icla l wa ters of  the '>vestern G u l f  of Ca rpe nta ria (Groote Eyla nd l),  the gro'Nth of  
Enbalus acoruides, Halodule unineruis a nd c_vm'odocea serru!ata decrea sed a s  cleprh  
increa sed a nd l ight  reaching the seagrass decreased. However, on i ntertida l seagrass 

beds in the eastern G u l f  of Carpentaria (Embley River estuaty) this wa s nor the c1 sc .  

In t hese seagrass beds , the tu rbidity of t he water often increased in s lla l lmver \Vater, 

resu l t ing in  less l igl 1 L  reaching the seagra ss than i n  deeper water. In addition , i n  
s ha llower intert ida l \\'<Her,  seagra sses ·were exposed for longer than in deeper intert id a l  

water, which ma y a lso ha ve affected their growth.  Whil e exposure b y  the t ide  resu lts 
in high leve ls  of l ight  rea ching the seagrass ,  it ma y also resu lt in  a decrease in growth,  
resulting fron1 e .g .  desicca tion. 

The seagra sses in the l:::mbky Es tuary \vere not nutrient limited - their  grcm· r i l  a ncl 
nutrient conte nt in the t issues did not cha nge a fter the a ddition of ferti l iser. H owever.  
the na tura l conce ntrat ions of nu trients in the tissue seagrasses were comp a ra t ively high 
in  this estuaty. 

Long term a qu a ri u m  experiments on the effects of temperature on the growth of 
Enhalus acoroides s howed tha t growth \vas grea test from 30 - 35 °C. In short term 

experimen ts on the effects of tempera tu re on growth, both E. acoroides a nd Ha!odule 
wzinen 'tS cont inued to photosynthesise a t  45 °C . However, in the longer term 

experiments E. acoroides cliecl afte r two months at  40 °C . The abil i ty of these p l a nts to 
\vi thsta nd very high temper�nures ,  a t leas t in the short term, helps

· 
them to colonise 

�md pers ist i n a wide ra nge of conditions found in the intertida l a nd sh;d low su bticl;d 
\Va ters of rropica l Austr;d i ;J .  
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Both Enbalus acorvides and Halodule unineruis a lso photosynthesised over a wide 

range of sa l inities (0 - 45 o/oo; ) ,  which combined with their  temperatur e  tolerance helps 

explain why they are two of the dominant species on the eastern Gu lf of Carpentaria , 

where catchments a re larger, a nd rainfa l l  a nd freshwa ter discha rge a re higher than in 

the western Gulf of Carpenta ria . 
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Fi g u re 4. 1 . 1 .  Mean g rowth pe r s h oot (+ 1 S E) of Enhalus acoroides at d ifferent  depths at 
(a) Sg 1 an d (b) Sg2 i n  the E m b l ey River  estu ary,  and (c) at G roote Eylandt. 
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4. 2 Production of mangrove litter in the Embley River estuary, north-eastern 

Gulf of Carpentaria 

Introduction 

Mangrove forests a re importa nt nursety a reas for many species of finfish a nd 
crustaceans (Odum a nd Hea ld 1 97 2 ,  Ha tcher e t  al .  1 989, Vance et a l .  in press a ,  

Section 6) .  I n  the Northern Prawn fishety juveni le banana prawns are found i n  

shallow wa ter i n  o r  near ma ngroves , b u t  a re ra rely found i n  other sha llmv wa ter 

hab ita ts . The importa nce of ma ngroves as nu rsety areas is a t tributed to their 

productivi ty a nd the ' refuge' ha bita t they provide .  I n  this s tudy the ma ngroves of the 

Embley river '>vere ma pped a nd c l ass i fied a nd then the productivity and physica l  

SlllJCture of the  ma in  ma ngrove communit ies were described a ncl compared t o  g loba l 

va lues.  The resu l t s  of this Sect ion ha ve been published (Long et a l .  1 992 ,  Cona cher et 

a l .  in press) . 

Methods 

The Embley River ( 1 2° 37 ' S H l  0 5 2 'E  ) ,  in the north-ea stern Gulf of Carpentaria , 

is in the \vet-dry trop ics of Aus tra lia ,  where there are strong seasonal differences 

in cli11"kl te. Eigluy-four percent of the ra infall  falls between November and March 

(Va nce et  a l .  in  press b) 

Mapping and c/a:-,-.s[jication 
Remo te ly sensed data from sa te l l ites \ve re used to ma p the dis tribution of tm ngroves 

in the river. The satel l i te  images were t hen processed and divided into community 
types a nd the va l id ity of these commu ni ty types was confirmed by field su 1-veys , 

pa rticu la rly in  regi ons \\·here communities bordered each other. 

O nce the ma ngroves m�re classi fied Vv'e s tud ied two sites in each of the three 

mangrove commu nities <Rbizopbora, A uicen nia a nd Ceriops) a long a small  creek 

flmving into the Embley River, and t \VO s i tes in Rbizopbora forest a long the main river -

(Fig 4. 2 . 1 ) .  

A t  each site w e  recorded t h e  number o f  trees,  sa plings and seedlings o f  each 
mangrove species , a ncl visua l ly esti ma ted the canopy cover and canopy height vvi thin 

two ra ndomly p b ccd 1 00 m2 quadra ts. The number, height, diameter a nd length of 
all mangrove struct ures · frcm1 grou nd levd to 1 m were measured in two 1 m2 quadra ts 
at  each site. from these mc:1 su rements we calculated the surface area below 1 m or 
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'ground structu re' provided by the ma ngrove fores ts . Mea ns a nd s ta ndard errors were 

then ca lcu la ted for each sampl ing time and s ite . 

Litte!fall 

Litter tra ps were set at  each site in March 1 993 a nd emptied evety two months for one 

yea r. The ma teria l from the litter traps was sorted by genera a nd sepa ra ted into 

lea ves , s tipu les , twigs, wood, flowers , fru it a nd seed l i ngs . The number of f1owers and 

stipu les were counted and a ll components were dried to consta nt \Veight at  60° C and 

the n "'-'eighed .  

Li!!er accu7nulation 

At the beg inn ing of the experiment (Ma rch 1 99.� ) . a nd then e�t c h  time the l iner tra ps 

\Vere emptied, a ccu mu l a ted lit ter was a lso col lected from t h e  forest f1oor . The 
ma teria l from the forest  f1oor was sorted a nd dried in the sa me -.;;va y as the ma teria l 

from the l itter-traps . 

Data ana�ysis 

Iv1eans a n d  s ta nda rd errors were ca lcu la ted for ;l l l  r h e  physica l s tru ctures that were 

measured a nd monthly and annua l mea ns \vere ct l cu la recl for t he a l l  components of 

the l itterfall in traps and the accumu la ted l i tter on the grou nd. 

Differe nces between sites in the amounts of both l i rrerfa l l  ;md a ccumula ted litter were 

tested by Analysis  of Va riance (ANOVA) . The assumptions of homogeneity of 

va ria nce \vere examined for ea ch ANOVA by p lou ing the re l ; t t i onship between the 

l n(va riance) and ln(mean) . \Vhere necessary, heterogenei ty \V<t s re moved by either 
ln(x) or ln(x + 1 0) transforma tions . 

Results 
Mapping and classification 

There a re three main ma ngrove communities i n  tile river : t i le Rhizopbora forest a long -

the river edge,  v..rhich is dominated by Rbizopbora s(vfosa Grill the Ceriops forest on 

s l ightly higher grou nd , dominated by Ceriops tagct! va r. a ustralis (PetT. ) C.  B .  Rob. ; and 

t he A ricennia forest further inland, do minated by Al !iceNnia n1arina va r. 

euca(vpt[(olia (Zipp .  ex Miq.)  N.C. Du ke. 

In r he Embley River there are approximately 28 km2 of Rbizophora, 26 km2 of Ceriops 
a ncl a bout 1 5  km2 of Avicennia forest .  The Rhizopbora fores t s  were the tallest , with a 

mea n ca nopy height of 1 7  m. These forests also h�1 cl the grea test ca nopy cover a nd 
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a rea of grou nd s tructure (Table 4 . 2 . 1 ) .  Although ma ngrove trees were densest in the 

Ceriops forest, with a bout 3700 Ceriops trees per hectare, the grou nd s tructure in  this 

forest  was much less than in the Rbizopbora fores ts (Table 4. 2 . 1 ) .  The Auicennia 
fores t  had the lowest mea n  tru nk densi ty, ca nopy height , ca nopy cover a nd grou nd 

s tructure .  

Littetjall 

1 4  

The total l i t terfa l l was significantly higher in the Rh izopbora forests than i n  the Ceriops 

a nd Aoicennia forests.  The tota l l i trerfa l l did not differ s igni fica ntly between the river 

a nd creek Rb izopbora forests a nd a mean va lue was therefore ca l cu la ted for a l l  the 
Rb izuphora communities i . e .  over both the river a nd creek s i res . 

I n t he R.b izopbora and A uicennia forests ,  there were se<t son< t l  changes in  le <l l' fa ll  
ra tes ,  with the lowest rates from J u ne to October (d ry seaso n ) ,  increas ing over the  \vet  
season. I n  contrast ,  the lea f fa l l  ra tes in  the Ceriops forest \ve rc re lat ive l y  s table from 

Ma rch to October (dry season) b u r  decreased \vi rh t he onset of  the \Ve t  season 

(December) (Fig 4. 2 . 2) .  

L itter accurnulation 

Lea ves ,  twigs a nd wood were the ma i n  components of the a ccumulated ground litter  

in a l l  the mangrove forests . Over 78'!'(' ( by weight) of the a ccu mu lated l i t ter  in  each 

forest was from the domi na nt spec ies (9.:)'0J in the Rhizopbora <md C'eriops forests , a ncl 
78'Y<J in  tile Auicennia forest} 

S ignifica nt ly  more ground litter a ccumu l a ted in  t he Ceriops a nd Auicen nia forests tha n 

i n  the Rb izopbora forests.  In the Af!icennia a nd Ceriops forests , the a mou n t  of 

a ccumulated l itter was greatest bervv-een July and Janu a ty and least in  March : in the 

Rh izopbora forests there was no difference in the amount ofaccumula ted liner 

throughout the year  (Fig 4 .2 .3) . 

Discussion 

The Rb izopbora forests in the Embley River a re high ly  product ive in terms of l inerfa l l  

a nd a re probably gro"\ving under fa vourable conditions . Rbizopbora forests \vere the 

ta l lest, ha d the greatest canopy cover a nd the grea test surface area o f  ground 

s tructures (due to their prop roots) or potentia l  refuges for juvenile fi nfi s h  <tn cl 
crusta cea ns in this s tudy. Little of the l i t ter prod u ced by the Rbizopbora forests 
a ccumulated on the forest  floor and most was quickl y  exported by the t ides to other 

parts of the estuaty. 
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Litterfa lls i n  the Ceriops a nd A uicen n ia forests in the Embley River were lmver than 
expected for trees of this he ight in  th is latitude (Saenger and Sneda ker 1 993).  These 

forests are probably sub ject to wa ter a nd sa linity stress for much of the yea r. The l i t ter 

that  accumu la tes on t i le fores t  floor in the Ceriops a nd A uicen n. ia fores ts i s  exported to 

the estuary in  the wet season from November to March,  when both tides a nd ra infal l  

are higher. This exported l i tter ma y provide ephemeral habita ts for juveni le  finfish 

and crustaceans in the river. 

Conclusions 

The m:t ngroves of the Embley river ca n be cla ssified i nto three ma i n  commu nit ies :  

those domina ted by Rh izopbora, Ceriops or Auicennia .  I n  the Embley R i ve r  t ! H:re ;! re 

approximate ly  28 k m:Z of Rh izopbora ,  26 km:Z of C'eriops a nd a bout 1 5  k m2 of  
Auicennia forest .  

The Rb izopbora forests in the Embley l\ i \·er are high ly productive i n  terms of  l i t terfa U  

and are proba bly gro'i-ving u nder fa vou ra ble conditions . Rbizopboro forests \vere the 

ta llest .  had t i l e  grea test  cmop y  cover  a nd the greatest surbce a rea of grou nd 
structu res or potenti a l  refuges for j uvenile  finfish and crustaceans in this s t u dy. All or  

the  l i tter prod u ced b y  t l te Rbizopbora forests was quickly exported by the  t ides t o  

other parrs of  the estu a ry. 

The l i t rcrf:.!l l s  in the Ceriops a nd A cicen nia forests in the Embley Ri\ ·er  were lower 

than expected for t rees of this h eight fou nd at th is latitude.  These forests a re proba bly 

subject r o  \\-'; I te r and sa l i ni ty stress for much of the yea r .  The l itter that accu mu la tes on 
the  forest  11oor in the Ceriops and A f!icen n ia fores ts is exported t o  the estu a ry in the 

wet season from November to March,  when both tides and rainfall  a re high. This 

exported litte r ma y provide ephemera l habitats for juvenile finfish a nd cru s ta cea ns in  
the river. 
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Figu re 4 .2 .  1 Map showing river and creek sampling sites i n  the Embley River 
in north-eastern Austra l ia. 
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Ta ble 4 . 2 . 1 . Mean (± 1 SE) morphologica l cha racteristics of the mangrove forests in 

the Embley River estua ty. 

Fores t Ca nopy Ca nopy Tree density Grou nd 

height (m) cover (%) (trees . ha-1 ) s t ructu re 

(m2 . m-2) 

Rh izopbora-estua ry 17 . 5 ± 2 . 5 85 ± 5 .0  1 200 ± 2 1 0  1 . 5 ± 0 .3  

Rb izopho ra-creek.. 1 7  ± 3 . 5  8 0  ± 0 . 0  500 ± 2 20 0 . 5 ± 0. 2 

Ceriops-cre e k  1 1  ± 1 . 5  58 ± 1 1 . 1  3700 ± 920 0 . 00 2  ± 0 .00 1 6  

A cicen n icz-cree k.. 6 ± 1 7  1 6  ± 5 .0  500 ± 90 0 . 0009 ± { )  l )()(l07 
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4.3 Rates of decomposition of seagrass and mangrove leaves 

Introduction 

17  

I n  trop ica l estu a ries ma ngroves a nd seagrasses a re often the ma jor primaty producers . 
However, their roles a s  a food sou rce and troph ic base are d ifficu lt to discern (Ziema n  

et a l .  1 984) .  The p roduc tion of ma ngroves a nd seagrass varies cons iderably between 

s ites a nd commu nity types (Robertson , 1 988) . Only a smal l  p roportion of seagrass and 

ma ngrove produ ct ion is grazed direct ly by herbi vores ,  so a s ign ifica nt proportion 

enters t he detrital pool (Rice a nd Te nore 1981  ) . Consequ e ntly,  it is importa nt to 

u nc!ersta ncl the dyna mics of the detrita l cycle "'hen cons ideri ng t h e  food cha in o f  an 
estu a ry (Robe rtson, 1 988} I n  a ddition , de tri tus .  provides a n  ephemera l  ha b i ta t for 

orga n i s ms ,  both \vhere it is formed a nd where it ma y be moved to .  

Th e chemistry o f d etri tus cha nges a s  i t  d ecomposes. Usu a l l y  the ca rbon : n itrogen rat io 
decre;t ses ,  a nd t he relative n i trogen conte nt i ncreases , vvi th  t ime ;l fter the i nit ia l 

l e a ch i ng p e riod (Rice a nd Tenore 1981) .  These cha nges ma y have importa nt 

implica t ions for the nutrition of animals tha t  consu me detri tus .  

Th e st ;t b l e  iso tope ra tios of carbon (o l 3C) of an organism closely rd 1ect the sta b l e  

isotope ra t ios o f  the source ma teria l i t  feeds on a nd o l 3 C  has  there fore been us ed to 

tra ce the primary sou rces of ma rine food cha ins .  Wh i ls t the sta ble isotope ra tios for 
m;t ngro,·es a nd seagrass a re distinct ,  they ma y cha nge with decomposition. 

I n  t his  s tud y -vve compa red t he ra te of decomposit ion of m;mgroves a nd seagrasses in  

t he Embley River estuary. \Xie compa red the decomposit ion ra tes of leaves of diffe re n t 

s pecies i n  i ntertidal  and subtidal posi tio ns , in the wet and i n  the  dry sea son . \Xle also 

examinee! cha nges in ca rbon and nitrogen conce ntra t ions a ncl the cha nges i n  i so top ic 

ra tios d uring decomposition. 

Methods 
The Embky Ri ver estuaty (1 2° 37'S 14 1 °  52 'E  ). in the norrh-ca stern G u l f  of 

Ca rpe ntJ ria , Austra lia ,  is in the wet-dry trop ics where there is strong sea sona l va riation 

in cl ima te .  There are t\vo main species of seagrass :  Enbalus acoroides ( L f. )  Royle a nd 

Halodule u n iner! 'iS (Fors kc.) Aschers .  a nd three ma in ma ngrove �omm u n ities : the 

!?bizopbora, Ceriops a nd Avicerznia fores ts (Long et a l .  1 992) i n the river. 

There were two decomposition experiments : one beginn ing in June 1 993 in the dty 
season ;me! ru nning for 1 0  months ; and one starting i n  December 1 993 in the wet 
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sea son a nd running for four  months . At the beginning of each experiment , mature 
lea ves of the mangroves Rb izopbora s(vlosa, Ceriops taga! a nd Auicenn ia marina, and 
the seagrasses Enhalus acoroides a nd Halodule un ineruis were collected. Leaves of 

the seagrass Haloph ila ova/is were a lso col lected for the dty season experimen t . 

Samp les of leaves were weighed a nd p laced in mesh bags . Mangrove lea f bags were 

p laced in  either the ma ngrove forest where they were col lected (intertida l) or in  a 
creek (subtida l) adjacent to the fri ngi ng ma ngroves .  Seagrass l ea ves were a lso p la ced 
i n  the seagra ss bed where they were collected ( i ntertida l) , a nd in deeper water 

a d j a cent to the seagra ss bed (s u btid a l) .  Sa mp les v..rere then co l lected a fter 

a pp roxi ma te l y  4 and 8 cla ys a nd then abou t  every 2 months over the fo l low ing yea r. 

I n  the b bora to ty the ash free dry \VCight ,  '!1JC , '}iJN ,  o J :)C a nd o l 5N were cleterminecl . 

D;na were then a na l ysed usi ng exponentia l regressions to de te rmi ne the ra tes of 

cha nge in the a bove va ria b l es a nd a na lys is  of va ria nce \vas us ed to test  \vhether the 

ra tes of cha nge differed be tv\-'een species a nd s e a s o ns .  

Res ults 

Leaj.deconzposition 

The ra tes of decomposition depended on the source ma teria L the season , a nd whe rher 

the sa mples decomposed in the su hricb l  or intert id a l .  The rime for fi fty percent of the 

m a teri a l  to decompose ranged from �99 cla ys for Ceriops lagcil ma ngrove lea ves p la ced 

in  t he in tertida l in the city season , to 5 cla ys for lea ves of t il e  ma ngrove Rb izopbora 
s(vlosa a nd th e seagrass Enbalus acoroides p laced i n  the su bricla l in the \vet  season 
(Ta ble 4 .3 . 1 ) .  

Seagrass leaves decomposed much more ra p idly tha n mangrove leave s .  Of the 

seagra sses,  J-Ialopb ila ora/is and E. acoroides decomposed more rapidly than Halodule 

u n inerois. Of the mangroves,  R. s�vlosa lea ves d ecomposed faster than Acicen.nia 
1n.a rina leaves ,  followed by C. tagcd ( Ta bl e  4. 3 . 1  ) .  

Both seagra sses a nd mangroves decomposed more qu ickly in the wet season tha n in 

t he dry sea son , and decomposit ion in  the subticb l wa s quicker than decomposition in 

the intertidal (Table 4 . 3 . 1 ) .  

Carbon and n itrogen content 
The initia l carbon contents of the mangrove lea ves (R. s(v!o:;"(.l, C. tagal and A .  marina) 
were s imilar to each other a nd simi la r  in  the wet a nd dry seasons .  In contra st ,  the 
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initia l carbon contents of the seagr<l SS lea ves (I-1. unineruis a nd l.::. acoroides) were 

s ignificantly lO\\-'er in the wet season than in the dry season and lower tha n those of 

the mangroves (Table 4. 3 . 2) .  Although the ini tia l  carbon content did not change 

s igni fica ntly  with time, there was a s l ight tendency for carbon conrent to decrease 

during a n  experiment. 

1 9  

The leaves of the ma ngrove A .  tna rina , a nd those of the seagrass E. acoroides, had the 

highest init i J l  concentra tions of nitrogen fo llowed by the mangroves R. s�v!osa, C. tagctl 
a nd the seagrass H. u n ineruis. f n  t he d ry  season, the ni trogen contents in  A .  1narina 
a nd E. acoroides were t\vice as h igh as the other species :  in the wet se1son they were 

a pproximately 1 . 5  t imes as high (Table 4 . 3 . 2 ) . 

The nitrogen comenr of R.. s�v!osa. C. /{{gal, a nd H. u n inercis lea ves cl i cl nor  cha nge 

s ign ifica nt ly with t ime, i n  a ny of the trea tments .  l n  contra s t ,  t he  n i trogen content in  

the cl ry season decreased in  E.  acoroides leaves in  both the s u btida l a nd in rert icb l ,  and 

decreased in subricla l A .  n1a rina lea ves in both seasons .  

Lea ves of t h e  mangroves Ceriops tagcll a n d  R .  s�vlosa h a d  the highest  init i a l  

carbon: nirrogen ra tios ,  fol lo·wed i)y H .  un inert. L\, /! . rnarina :me! E .  acoroides. There 
was no difference between the \Vet  and the d ry season C: N  ra tio in R.. s�vlosa and 

A .  ma rina, whereas i t  "·as lmver in  the ''-'et  than the dry season for C. tagct!. 
H. u n inerl.'iS a nd E. acoroide.'i (fable 4 . :) . 2 ) .  

l n  the d ry  season i n  the intertida l zone . rile ca rbon: ni trogen ra tios decreased \Vi th  t ime, 
with the exception of E. acoroides, in \vhich the C : N  ra tio ini tia lly i ncreased then 
cl ecreasec! ,  and A. tna rina, in  which the C : N  ra tio rema ined stable .  The grea test  

decrease in carbon:nitrogen ra t ios througl 1our  the experiment was fou nd in 
H. u n inervis and R.. stylosa leaves in the dry se�1son a nd the intertida l zone . 

Stable isotope ratios of carbon (o13C) and nitrogen (o75N) 
The initia l o 1 3C va lues for leaves of the ma ngroves R. s(v!osa, C tagcd a nd A .  marina .. 

(ra nge of mea ns = -30 to -279r!,o ) vvere significa ntly lower, by a bout  1 59r!w, than those 

for the seagrasses H. u n inen•is a nd , .. ;_ acoroides. in both seasons (-1 3 to -1 0'Yoo, Table 

4 . 3 . 2) .  The initia l  o 1 3C va lues did not diCfer s ignific1 nt ly between Seasons a nd 

a lthough the Species X Seaso n i n teraction was significa nt ,  the initia l  o l 3c values 

differed by at  most only 1 - 2'%o between th e we t  a nd t he city season (Ta bles 4. 3 . 2) . 

The o l 3C values of both ma ngrove < ll1d seagrass leaves changed rela tively little during 

the decomposition experiments. I n  ti le intertida l ,  the o1 3C va lues of ma ngrove leaves 
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h a d  a ma xi mu m cha nge of J <Yoo for R. sty!osa in the wet season. The subtidal 

ma ngrove lea ves va ried more in thei r  o 1 3C va l ues tha n those in  the intertida l :  rhe () 13C 
va lue of R. s(v!osa increased from -30 to -27%JO in  the �vet season and from -28 to 

-26%o i n  the dry season. Like ma ngrove lea ves , rhc o 1 3C va lues of seagrass leaves 

va ried more in the subticla l than the intert ida l ,  b u t  the  maximu m change was only  2%o. 

The ini t ia l  () 1 5N va lties of seagrass a nd ma ngrove lea ves differed significa nt ly  between 

Seasons a nd a mo ng Speci es ,  a nd the Season x S pecies interaction was a lso significa nt .  

In the cliy season, the ini t ia l () 1 5N va lues ra nged from 1 .8 to 3 . 1 %o for ma ngrove lea ves 

a nd from 1 .7 to 2 .61YCH> for seagrass lea ves (Table  ii . 3 . 2 ) .  The i ni t ial  ()1 5N v�t l ues of 

R. s(vfosa (5 . 4%o) a nd C. tag{.ll (5 . 5 1X�<>) �vere h igher  i n  the w e t  tha n i n  the ci ty season ,  

w h i le those of A .  1n.a rina did not di ffe r bc t'i.veen Seasons .  The o 1 5N of E.  acoroides 
a nd H. uninern�5 did not d i ffer s ignifi cantly bet\veen Seasons .  

The () l 5N va l u es of R. st v!osa a nd C.  twza! decre a sed \\ri rll r ime in rhe su blida l .  . .  (... 
pa rt icu l a rl y  du ri ng the  \ve t  season when va lues or -3 a ncl -5'YiJo \vere record ed after 

1 1 5 cl a ys .  The () 1 5N va lues of th ese speci es a lso d ecrea sed vvith time i n  the intert ida l 

d uring the \VCt seaso n ,  bu t only to OC:X){). The 8 1 5'\ v; t lues  of the seagrass H. u n inerl'is 

decreased with time in both the i ntertida l a nd s u bt ida l loca t ions,  a nd d uring both the 
wet and city seasons . A minimum va lue of -5%10 'va s recorded for this  species a fter 

180 cl i n  the i ntertida l  du ring the dry sea son.  In contras r .  the () 1 5N va lues of 

E. acoroides rema ined consu nt or i ncrea sed over L i m e .  except i n  the s u bt idal  du ring 
the wer season. 

Discussion 

In  our study, the lea ves of the sea gra ss Enbalus acoroides, \Vhich ha d the lowest C: N 

ra t io a nd b ighest nitrogen content ,  decomposed most qu ickly in al l  s ituations , ''vhereas 

the mangroves C. tagcd a nd R. s(vlosa �vh ich had the h ighest C : N  ratios a nd lowest 1%N, 
d ecomposed more s lowly. j\s ''·'el l  a s  these differences between species , there were 
a lso d ifferences with i n  a species : E. acoroides a nd H. un ineruis had lower C : N  ra tios 

in  the wet season th a n  the dry ;me! dec1yec! more qu ickly at this t ime.  

I n  add ition, lea f ma teria l p la ced i n  drier i ntert ida l loca tions d ecomposed more s lowl y  

t h a n  those placed i n  moist positions .  For exa m p le ,  i n  the i ntertid; l ,  the less frequent ly 

the site was inunda ted by t ides,  the s lo\·ver th e  materia l  decayed, i rrespective of the 

ini t ia l  N con ten t a nd C : N  ra tios . The resu lts of our s t udy agree with the suggestion 

that the decomposition ra tes of pla nts are positively correla ted with nitrogen 



FRDC 9 2/4 5 :  4 . 3  D ecomposit ion May 1 996 

concentra t ion a nd moisture avail a b i l i ty; and nega tively  correlated with C: N ratios 

(Enriqu ez et a l .  1 993). 

2 1  

Most of  the va ria tion in the decomposit ion ra tes i n  o u r  study ca n proba bly be 

a ttribu ted to the intera ction of the 'YIJN ,  C : N  ra tio a nd moistu re avai labi l i ty. However, 

some other factors n"kl Y a lso have a role .  For exa mple,  there was no cha nge in the 

nitrogen conte nt ,  nor C : N  ra tio, of the ma ngrove leaves for A. marina a nd R. s(vlosa 
bet'\veen the dry a nd t he wet season .  However, in  the subtida l position, where the 

s a mples we re consta ntly satura ted the cl ecornposit ion ra te of A .  1narina was s lower i n  

t h e  we t tha n in  t h e  dry, a nd wa s fa ste r  for f( s(vlosa. This may have bee n cl u e  t o  

c l u nges i n  tempera ture or sa l in ity, a nd/or the biochemica l composi tion of t he lea ves.  

Li t ter  is  produced th roughout the yea r i n  the ma ngrove fores ts o r  the Embley LZ iver 

esru;ny, wi t h  p ea k  l iner producti on for R. stvlosa a n d  A. marina in the wet sea son a nd 
for C. tagal in t h e  d ry ( see Section -4 . 2 a nd Conacher e t  a l.  iri press) . Li tlcr does not 

col lect  in the R. szvlosa fores t  but is ra p idly t ra nsported by tides to the es tu a rv 

t h rough ou t the year .  I n  contras t ,  cl ue to t he i n frequent inu nda tion o f  the C. lagct! ;mcl 
A .  1na rina forests d u r i ng the d ry season, l i t ter  from th ese forests ;1 ccumu la res  unt i l t h e  

w e t  season ,  a n e! is then tlus hecl into the estu a ry. Consequently, most  decomposit i on 

of ma ngrove ma teria l takes p la ce s u btida l ly and in the wet sea son.  l n  the \vet season, 

s u bt icl a l  R/.J izopbora Sl)ofO:c.iJ leaves d ecompose ve ty qu ickly a nd l i ttle ma teria l would 

; t ccu mu l a te .  In contra sL  ephemera l ba nks o f  A .  ntarina a nd C tag(z/ lea ves m;1 y form, 
thu s prO\.' icl i ng ha bita t for small  orga ni sms .  

The ro le of ma ngroves a nd seagra sses i n  providing t h e  nutri t iona l req u i rements o f  

consu mt.' rs is poorl y k nown. It has  been su ggested that a C: N  ra tio of less r h :m 1 7  is 
requ ired for p roper a ni ma l  nu tri t ion (Russel l  H u n ter  1 970 in Kl ump a nd Va n cler  Va l k  

19811), �md t h a t  a s  the C: � ra tio decreases \'vi th decomposition, the nu trit iom l va lue 

increases (Kl u mp a nd Va n d er Va l k  1 984) . I n  our study, initi a l  ca rbon: nitrogen ra t ios 

r; t ngecl fro m  2 l  to 4 5  for a l l species of ma ngrove a nd sea grass,  exce pt  E. a eo m ides, 
\vh icb \va s l ess tha n l 7 .  The carbon: ni trogen ra tios of a ll  speci es except E. ocoroides -

t e nded to decrea se or rema i n  sta b le  w ith t ime: t hose for E. acoroides incrc1 scd \Vi th 

t ime .  These resu l ts suggest that  the nu tritional  s tatus of E. acoroides may be a dequa te 

for a nima l nu t rit ion wh e n  it is fresh , but  decrea ses as it decomposes . The nutr i t i ona l  

s t ;H u s  o f  t he other species of sea gra ss a nd ma nnrove howeve r  s t;rts lo\v ;mcl rnav . (_.; ' b ' ' J 

i mprove a s  decomposition progresses.  However, it i s  not known \vhethcr the 
concentra tions of nitrogen,  a nd decreases in  the C: N ra t ios during d ecompos ition o r  

lea f detri t u s ,  i ncrease the nu tri t ion a l  va l u e  of t h i s  ma teria l for higher consumers 

(Robertson 1 988) . 
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Tab le 4 3 2 Mean (± 1 SE) i n i tial  va l ues for the %C, %N, C :t\  ratio,  8 1 3c and 8 15N of mangrove 

and seagrass leaves in the wet and dry season 

Species Season % carbon % nitrogen C:N ratio 813c 815N 
Mangroves 

Rb izophora sty!osa dry 43 4 ± 0 . 1 1  105  ± 0 . 037 41 ± 14 - 28 ± 0 . 17 2 8 ± 0 1 4 

wet 4 2 3 ± 0 .40 108 ± 0 . 062  39 ± 2 .4  -30 ± 0 . 14 5 . 4  ± 0 . 2 2  

Ceriops taga! dry 4 18 ± 0 30 0 . 9 2± 0 . 0 1 8  45 ± 0 .6 - 29 ± 0 . 2 2  3 . 1 ± 0 . 09 

vvet 4 3 . 0  ±0 . 26 1 2 1 ± 0 030 36 ± 10 - 28 ± 0 . 23 5 5 ± 0 . 5 3  

Auice n 1 1  io nw ril ltl dry 39 . 0  ± 0 . 2 0  1 .96 ± 0 062 20 ± 0.7 -28 ±0 1 3  1 . 8  ±0 Oci 
wet 44 . 8  ± 0 . 66 2 . 1 1  ± o o .z- .21 ± 0 .  l -27 ± 0 . 26 2 . 0 ±0 . 1 1  

Sea grasses 
En hrtfu., czcoroides cl!y 32  5 ±0 . 5 2 2 05 ±0 . 070 16 ± 0 57 - 10  ± 0 . 10 2 . 6  ± 0 . 1 1  

wet 22 .9  ± 1 . 04  1 7 0  ± () 0'i9 13 ± 0 30 - 10 ± 0 19 1 8  ± 0. 28 
Halodu le l / 1 1  irte ruis dry 365 ± 0 . 5 0  0 90 ± 0 024 41 ± 0 .8 - 1 2 ± 0 . 1  1 . 7  ± 0 . 0 8  

\Vel 24 . 5 ±  1 3 1  1 0 2  ± 0 . 028 24 ± 19 -13  ± 0 3 2 . 7 ± 1 . 2 1  



4.3 . 1 : t ime to 50% decomposit io n M ay 1 996 

Ta ble 4 . 3 . 1  Mea n (± 1 SE) t ime taken i n  days for 50% of the leaf material of each 

species to decompose, based on exponential regressions, in intertidal  and 

subtida l regions and in the wet and dry seasons . nd = no data . 

Species Dry season Wet season 

Intertidal Sub tidal Intertidal Sub tidal 

Mangroves 

Rb izopbora s(vlosa 1 78 ± 20 .6  5 1  ± 3 . 2  7 ± 1 . 8 5 ± 1 . 3  

Ceriops tagct! 299 ± -40 66 ± 6 . 9  1 03 ± 2 1  6 1  ± 9 . 8  

Al 'icenn ia 1narina 260 ± 28 20 ± 2 . 5 70 ± 6 . 5 5 2 ±  1 0 . 8  

Seagrasses 

Enba!us acoroides 11 ± 1. 6  1 8  ± 1 . 3 6 ± 0 . 3  5 ± 0 . 6  

Halodu!e unineruis 6 2  ± 9 . 6  3 5 ± 9 . 0  5 ± 0 . 7  6 ± 0 . 7  

Halopbila ova/is 2 ± 0 . 3  nd ncl ncl 



FRDC 92/4 5 :  4 . 3  Decompos it ion 

Conclusions 

M ay 1 996 

Detritus from ma ngroves and seagrasses has an importa nt role in the food cha in of 

estua ries and also i n  the supply of habitat for juvenile a nd sma ll organisms .  In this  

s tudy we measu red the rate of decomposi tion o f  rna ngrove a nd seagrass lea ves ; a nd 

their  ca rbon a nd nitrogen content, a nd sta ble isotope ratios during decomposition. 

22 

\Y/e compa red these fa ctors betvv'een different species of ma ngroves a nd seagrass ,  at 

different t idal heights (intertidal a nd su btida l) a nd therefore different i mmersion times, 

a nd in different seasons (wet a nd dty) . 

Seagrass lea ves d ecomposed more ra pidly th ;m ma ngrove leaves ,  a nd bo th sca gra ss 
a nd ma ngrove leaves decomposed more qui ckly in  moister condir ions . Se;tgra ss 

lea ves p la ced i n  the su bt ida l zone in the wet se;t son decomposed faster th:m a l l o ther 

combina tions of leaves , t ide heig h t  a nd sea son. 

Ra tes of decomposit ion a re a lso i nt1uencecl by t l l c  ini tia l '%N a nd the C : N  ra t io  in the 

p la m  ma teria l .  In our study, lea ves of the seagrass  Enbalus acoroides, \v hich lu cl the 

lowes t C: N ra t io a nd highest  nit rogen content ,  d ecomposed f<l stest in a ll s i tua t i ons , 
whe reas  the ma ngrove lea ves of Ceriops tagcd a nd Rh izophora s(vlosa, which ha d t he 

h ighest  C : N ra t ios a nd l mvest iJC,N ,  decomposed more slowly.  As we l l  a s  these 

diffe re nces bet\veen species,  there were a lso differences wit hin a species :  the 

seagrasses E. acoroides ;md Ha!odu!e u n ineruis l lad 10\ver C: N ra t ios in the '"e t  t h a n  

the  dry sea son a nd deca yed more qu ickly d u ring r i te w e t  season.  

Our res u l ts and those of  other s tud ies i ndica te t kH ·w h i l s t  in i ti a l  nu rrit:nt  conce n t ra tion 
a nd moistu re condi tions have importa nt roles in d etermi ning the ra tes of 

d ecomposi t ion, these fa ctors a lone ca nnot be used ro p redict decompos i t ion ra tes .  
Other fa ctors , \vhich ma y be loca tion, season o r  species specific, a lso ha ve a n  
importa nt role .  
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5. 1 Defining the critical nursery habitat for juvenile tiger prawns 

The critical nursety habita ts of tiger prawns in the Gulf of Carpentaria were 

determined by analysing in much greater detail , the da ta collected in p revious projects 

a t  Groote Eylandt (FI RTA 82/1 3) and in the Embley River estuary (FIRTA 89/13) .  These 

studies ha ve now been publ ished (Loneraga n et  a l . 1 994, I-Iaywood e t al .  1995) .  

The popu lation dynam ics of sma ll tiger prawns (Penaeus esc ulentus a nd Penaeus 

semisulcatus) were studied at three sites a rou nd north-western Groote Eyla ndt, Gulf 

of Ca rpentaria , Australia , between Augu st 1 983 a nd August  1 984.  Seagrasses typica l of 

open coa stline, reef-fla t  a nd river mou th commu nit ies v.rere fou nd in the shallow 

depth s (::; 2 . 5  m) a t  these sites .  Th e temp e ra t u re and sa l i nity o f  the bouom wa ters d id 

not differ a mong the sha ll mvest dep ths o f  t he three s i tes  a nd mea n va l ues a t  night 

ranged from 2 1 .9 to 32 . Cl'C ,  a nd from 3 0 . 1 to 3 7 . 5%o.  Data iiom fortnightly sampling 

with bea m  trawls shmved tha t virtu a ll y  a ll postlarvae (c 90%1) were ca ugh t in  the 

intertida l a nd s hallow subtida l wa ters (::; 2 . 0  m deep) .  At one si te ,  where the 

rela tionship be t\veen seagra ss bioma s s ,  ca tches a nd depth cou ld be studied in deta i l ,  

high ca tches were confined to seagra ss in sha llow water, within 200 m of the high 

wa ter mark. This was despite the fact th�1 t seagra ss beds of high biomass 

(> 100 g·m-2 between Augu st a nd Februa ry) ·were fou nd nearby, i n  o nly s lightly deeper 

wa ter (2 . 5  m). It is l ikely , therefore, tha t only the seagrass beds in shal low waters of 
the Gulf of Ca rpenta ria a ct J S  importa nt sett le ment and nursety a reas for t iger pra\\rns . 

I n  genera l ,  ca tches of t iger pra,vn postla rva e (both Penaeus esc ulentus and Penaeus 
sem-isulcatus) a nd juvenile P. esc ulentus on the seagra ss in  the sha llowest  wa ters a r  

each site ,  were higher in  t h e  tropi ca l pre-wet (October-December) a n d  wet (fa nuary

March) seasons , tha n at other times of the yea r. Juvenile P. sernisulcatu.s catches 

were highest in the pre-we t sea son. While seasona l  differences a ccou nted for the 

highest proportion of va riation in ca tches of t iger prawn postla rvae and juvenile 

P. sernisulcatus, s ite was the most importa n t factor for juvenile P. esc u!entus. In each 

season, catches of juvenile P. esculentus were highest in the s hallow open coast line 

seagrass, where the biomass of seagra ss was highest.  The fact that the type of 

sea grass  community a ppea rs to be more important to juvenile P. esculentus than to 

pos tlarva e , suggests tha t characterist ics of the seagrass  community may a ffect the 

surviva l or emigra tion of postla rva l tiger pra,vns . Few prawns ( < 1 0%) from the 

seagrass communi ties in sha llow wa t.ers exceeded 1 0 . 5 mm in carapace length . 
• 

Despite the intensive sampling, growth wa s di1licult  to estimate because postlarvae 

recruited to the seagrass beds over a long period, and the residence times of juveni les 

in the sampling area were rela tively short (c eight -vveeks) . 
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We e v21 l u a ted the importa nce of seagrass  a nd a lgae to two species of tiger prawns 
(Penaeus seniisu.lcatu.s and P. esculentus) by deta iled samp ling at  four s i res (two 

seagrass , two a lga e) in the Ernble y Rive r estua ry, and through samp ling 26 s ites in 7 

adjacent estua ries a t  one time . Samp l es of t iger prawns were collected in the Embley 

River estu a ty wi th a sma ll beam trawl a t  night  eve1y two weeks from September to 

May for two years 0 990 to 1 992) .  The two seagrass sites ,  which were 1 1  and 1 3  km 

from t he river mou th , showed less seasonal varia tion in salinity than the two a lga l 

s i tes , which were 1 5  a nd 20 km from the river mouth . The alga l beds a t  the t-vvo 

u ps trea m s ires a lmos t d i sa ppe a red duri ng the wet season, but t h e  biomass o f  se<tgrass 

d id not c h a nge significa n t ly between the wet a nd dry seasons . The grooved t iger 

pra w n  (Penaeus semisulcalus) ,  t i l e ma i n  species at  al l  s i tes , comprised 88' !/i, of the 
tota l tiger pra ,vn catch over the two yea rs . ·rhey were fou nd at a l l  si res d u ri ng the 
p re-\\re t s e a s o n ,  but a fter the o nset of  the w e t  season. they dis a ppea red a l ong wi th 
th e a lgae, from t h e  u pstrea m s i t e s .  The brown tiger prawn CP. esculentus) w a s  fou nd 
a l most exclu s i ve ly  (97'X, of the tota l catch) on the seagrass s ites downstream. fn  rhe  

study of severa l estu a ries,  j u venile Penaeus seniisulcatus were ca ught a t  a l l 26 s i res ,  

and P.  esculenlus were ca ught in much sma ller nu mbers , a t  1 6  sites .  Approxi ma tely 
equ a l nu mbers of P. senii.•:;ulcatus were ca ught in alga l and seagrass beds.  Very fevv 

a nima ls l a rger t h a n  1 0  mm carapace length of e ither speci es ,  -.;;vere caughr .  The resul ts  
from this study highlight the importance of a lgal  beds as nu rsery a reas  for o n e  species 

of tiger p ravv'll  (Penaeu.s semisulcatus) 
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5.2 Seasonal and annual patterns of recruitment of juvenile Penaeus 
semisulcatus to seagrass beds in the Embley River 

Introduction 

In the past,  most penaeid prawn fisheries have been managed on the basis that the 

spawning s tock was not limiting and that any annual variation in recruitment to the 

fisheries was determined by environmental variation. However, recent studies have 

challenged this assumption. For example, recruitment of adult brown tiger prawns, 

Penaeus esculentus, to the fishery in Exmouth Gulf, Western Australia was shown to 

be related to spawning stock, and management measures were subsequently 

introduced to protect the spawning stock (Penn and Caputi 1 986) . 

26 

In the Gu l f  of  Carpentaria tiger prawn fishery, in the absence of clear evidence for 

either a strong stock-recruitment relationship or a dominant environmental influence 

on catches,  a conservative management approach was adopted, including seasonal 

closures a nd a reduction in fishing effort to protect the spawning stock. This 

management strategy, although appropriate in the short-term, is potentially wasteful in 

tha t  fisheries income would be needlessly lost if the variation in recruitment was, in 

fact, not affected by spawning levels . 

In order to refine this management strategy, we needed to determine the pattern of 

recruitment to the fishery as well as the extent to which recruitment is affected by 

environmenta l varia tion. A key problem in this fishery is the uncertainty surrounding 

the number of recru itment periods and early studies produced conflicting evidence for 

both one and two recruitment periods per year. The current management regime, 

developed in response to declining catches in the 1 980s, is based on only a single 

period of recruitment to the fishery. 

To provide  the information needed to validate or modify the management strategy for 

the grooved tiger prawn (Penaeus semisulcatus) fishery in the Gulf of Carpentaria, we -

initiated a six-year study of a ll life history stages of grooved tiger prawns in the 

Embley River and offshore areas in the northeastern Gulf of Carpentaria (FRDC 85/85 

and 89/1 3) .  There were two major objectives .  The first was to identify seasonal 

recruitment pa tterns and the range of annual variation in those patterns . The second 

was to determine whether environmental factors might be controliing recruitment. 

Full details of this Section have been accepted for publication (Vance et al .  in press) .  
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Results and discussion 
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We studied the two-weekly, seasonal and annual variation in abundance of postlarval 

and juveni le  grooved tiger prawns on a seagrass and an algal bed in the Embley River, 

using beam trawls, over six years , from September 1 986 to May 1 992 .  Catches of 

postlarvae a nd juveniles in the estuary showed strong seasonal variation; they were 

highest just before and during the wet season, from September to April each year 

(Fig. 1) .  Catch ra tes often had a bimodal distribution each year, but the relative size of 

each recruitment peak varied considerably between years .  In  four years the highest 

postlarva l and juvenile catches were just before the wet season (in November or 

December) but in two years,  the highest catches were during the wet season (in 

March) . Long-term sa mpling over several years is clearly necessary to identify 

seasonal pa tterns in abundance and the range of variation in these patterns for juvenile 

prawns . Total ca tches of postlarvae and juvenile prawns also varied substantially 

between yea rs .  

When data for a l l  six years o f  the study were combined, the postlarvae and juveniles 

showed two clea r pea ks of recruitment, in October and April for postlarvae and in 

November a nd March for juveniles (Fig.  2) . The bimodal juvenile catch distribution 

suggests tha t  recrui tment to the offshore adult fishery should occur over two periods 

during the yea r. This bimodality has important implications for the management of 

the fishery. 

We found tha t environmental variation in the estuary had very little overall effect on 

the a bunda nces of juvenile grooved tiger prawns . Rainfall was the most important 

environmenta l variable in our analyses but it only explained a small proportion of the 

va ri a tion in ca tch . Increased rainfall during the wet season resulted in a lower catch 

of postla rvae at the seagrass and a lgal sites but its major influence was through 

reducing the amount of a lga l nursery habitat during the wet season. The mean sea 

level ,  or the a mount of t ime that the seagrass bed was exposed, also seemed to be 

important; increased exposure of the seagrass bed was associated with decreased 

ca tches of Penaeus semisulcatus. Overall, the most important factor in determining 

the a bundance of juvenile Penaeus semisulcatus in the estuary was the number of 

postlarvae that arrived and settled on the seagrass and algal beds . 
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Conclusions 

May 1 996 

• Juveni le grooved tiger prawns were abundant in the estuary for up to 7 

months  of the yea r  and often had a bimodal distribution in a bundance 

during th is  period . 

• The bimoda l di s tribu tion suggests that  recruitment to the offshore fishery 

proba bly occurs over 2 periods during the year rather than only 1 as was 

previously thought.  

• Environmental va ri a tion seemed to have little effect on juvenile prawn 

abundances ;  the major influence was the settlement of postlarvae from 

offshore . 
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Figure 5 . 2 . 1 .  Postlarvae and j u veni le catches at two-weekly intervals from September 

1. 986  to May 1 992 for the seagrass s i te . pw=pre-wet se aso n ;  w=wet season ;  

ed=early-dry season ; d=d ry seaso n .  
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5 .3  Habitat selection by postlarvae and small juvenile prawns 

Introduction 
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The density of juvenile tiger prawns on seagrass beds is determined by many factors 

including: - the numbers of postlarval prawns initially settling from the water column, 

migration of juveniles to and from the seagrasses, mortality due to predation or other 

factors and the availability of food in the seagrass.  When assessing the productivity of 

coastal nursery habitats, each of these factors must be taken into account. For 

example,  the a bu ndance of tiger prawns on a seagrass bed will never be high if few 

postlarvae a rrive a t  the bed (McNeil et al .  1 992). Alternatively, high numbers of 

postla rva l pra wns may recruit to a seagrass bed, only to decline dramatically as 

juveniles due to predation or migration (Loneragan et al .  1994) . 

The a im of this study was therefore to find out more a bout factors determining the 

initia l  a rriva l of postlarval prawns onto estuarine nursery habitats and the survival of 

postl a rva e  immedia tely after settlement. Traditional methods of sampling prawn 

popu l a tions,  such as beam trawling, do not test for cues to settlement or account for 

the effects of predation on prawn populations in different habitats . 

In pa rticular, we wanted to know: 

• do postlarvae settle in greater abundances on seagrasses than bare habitats? 

• what is the settlement density of prawns per day ? 

• does preda tion reduce the abundance of newly-settled prawns in some 

ha bita ts more than others? 

• do set t lement rates vary a t  different locations within an estuary? 

We a lso completed laboratory experiments to determine whether postlarvae prefer 

natura l  seagrass to artificial seagrass and bare substrate . The results of this work have 

been summarised in a manuscript by Lui and Loneragan (submitted) 

Methods 

We developed Artificia l  Seagrass Units (ASUs) which could be deployed one day and 

ha rvested 24 h l a ter  (Fig. 5 .3 . 1) .  The number of postlarvae collected on the trays 

provided a n  estimate of settlement of postlarvae from the water column. The size of 
a nima ls considered to be newly-settled postlarvae was :::;; 2 .9  mm· carapace length for 

tiger prawns , :::;; 20 mm carapace width for blue swimmer crabs and :::;; 35 mm total 

length for commercia l  fish .  The ASUs were deployed to sample penaeid prawn 

postlarvae tha t  were settling on seagrasses at three sites in the Embley River estuary. 

The ASUs were deployed twice during peak recruitment times in the pre-wet season 
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(November, 1 993 and October, 1 994) and once during high recruitment times in the 

post-wet season (April ,  1 994) . 

3 0  

To determine the effectiveness o f  the ASUs i n  measuring postlarval settlement rates, 

we initia lly set the ASUs within natural seagrass beds in the Embley River (Fig . 5 . 3 . 2 ;  Sg 

1) .  \Y/e compared the density of  prawn postlarvae and juveniles in  ASUs with the 

d ensit ies from trawls made through the same seagrass beds . Catches in trawls were 

converted to d ensit ies from the relative efficiencies of the beam trawl determined for 

postl arva e  (66%,) , juveni le  P. senusulcatus (46%) and juvenile P. esculentus (49%) 

(Loneraga n et a l .  1 995). 

To test if tiger prawn postlarvae would settle on Artificia l Seagrass Units placed away 

from n a tu ra l  seagrass ,  we placed ASUs on bare substrate 30 m from natural seagrasses, 

at Sg 1 ,  and compa re d  the density of tiger prawn postlarvae from the ASUs on bare 

substrate  to those within the natura l  seagrass . \Y/e also contrasted the <:fensities of 

tiger prawn postl a rva e on the ASUs with those on "control" bare trays, placed 

alongside the ASUs .  

The effect of predators on the abundance of newly-settled postlarvae was tested by 

covering 50%, of the Artificial Seagrass Units and bare trays with monofilament mesh 

(1 3 mm stretch mesh) ,  supported 50 cm above the tray, to exclude fish and other 

potentia l preda tors of postlarval prawns from .the trays. The .mesh was secured at the 

base of the trays to tiy a nd prevent juvenile fish entering the tray under the mesh. \Xfe 

then compa red the a bundance of postla rvae on ASUs with a nd without mesh and 

made the same comparison for bare trays . 

To determi ne i f  the  settlement of tiger prawn postlarvae was different at  separate 

locati ons with i n  the estuary, we placed Artificial Seagrass Units on bare substrate at 3 

locations, separa ted by about 2 kilometres across the Embley River. These were; Sg 1 ,  
o n  the sou th ba n k ,  S g  2 ,  o n  a centra l bank and Bare 1 ,  on the north bank of the 

estua ty.  These sites were 30 m, 1 00 m and 1 000 m, respectively, from natural seagrass 

beds (Fig. 5 . 3 . 2) .  

Results and Discussion 

Field experiments 
The densit ies of tiger prawns on Artificial  Seagrass Units (ASUs) placed in the seagrass 

beds a t  Seagra ss 1 was similar to the numbers in beam trawl catches (corrected for 

ca tchabi l i ty) from ad j acent seagrass habitat (Fig 5 . 3 . 3) .  Similar species were caught in 
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the ASUs a nd bea m trawls . The ASUs were , therefore, effective at catching a range of 

animals which were present on the seagrass beds . 

During the experiments in November 1 993, the Artificial Seagrass Units were colonised 

by 21 taxa whi le  the bare trays were colonised by 20 of the same taxa (Table 5 . 3 . 1) .  

The numbers of some species differed markedly between the ASUs and bare trays 

(Table 5 . 3 . 1 ) .  The postla rvae and juveniles o f  5 commercial species o f  penaeid 

prawns , 2 commercia l  species of crab (blue swimmer crabs, Portunus pelagicus; mud 

crabs ,  Scy!la serrata) and 3 commercial  species of fish (snapper, Lutjanus russelli; 

estua ri ne cod ,  Epinepbelus suillus; flathead, Platycepbalus indicus) were found on 
the ASUs . Tiger prawns , Penaeus semisulcatus and P. esculentus comprised 97% of 

the tota l p rawn catch on the ASUs (Table 5 . 3 . 1 ) .  

The postlarvae  of  some of  the following species settled on the Artificial  Seagrass Units 

in su fficient  numbers for statistical analysis . Tiger prawns, (both P. semisulcatus and 

P. esculentus) , blu e  swimmer crabs and two species of commercial fish, cod and 

sna pper, were found (Ta ble 5 . 3 . 1) .  

Effect of habitat structure on settlement 

Tiger prawn postlarva e  settled in the Artificial  Seagrass Units placed on bare substrate, 

however, their  density (0 . 1 2±0. 05 m-2 d-1) was lower than in ASUs placed within 

seagrass beds (0. 26±0 . 08 m-2 d-1) (Table 5 . 3 . 2) .  On bare substrate, the postlarval 

density in ASUs was higher than their density on bare trays placed nearby (0 . 01±0 .01  

m-2 d-1) (Table 5 . 3.2). Tiger prawn postlarvae seemed to use the presence of  seagrass 

as a cue to sett l ement and settled on artificial seagrass habitat when it was placed in 

a reas that  were previously bare . 

On ba re substra te ,  few tiger prawn postlarva e were found on the bare trays with no 

preda tor exclusion mesh, however, many postlarvae were found on the bare trays 

with the exclusion mesh (Fig. 5. 3 .4) .  Similar densities of postlarvae were found on the-· 

AS Us, both with and without exclusion mesh (Fig. 5. 3 .4) .  The density of tiger prawn 

postlarva e on the bare trays with the exclusion mesh was greater than that on the 

ASUs,  (either wi th or without exclusion mesh) (Fig. 5. 3.4). The abundance of blue 

swimmer crab post l a rvae  was similar on ASUs and bare trays, regardless of the 
• 

presence of the exclusion mesh (Fig. 5. 3.4). 

Despite keeping out large fish predators , the density of many smaller predatory fish 

was not s ignifica ntly different among the bare trays with or without exclusion mesh, 

or the ASUs with or without exclusion mesh (Fig. 5 . 3 .4) .  The fish must have found a 
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way u nder t h e  mes h .  I n  particular,  the density of some predatory fish (e .g .  estuarine 

cod) was greater on the bare trays with exclusion mesh than on those without the 

mesh .  The preda tion pressure in the exclusion mesh trays is therefore likely to have 

been no different to the predation pressure on trays without  the exclusion mesh. 

Presumably, no more postlarvae were being eaten on the trays without exclusion than 

those with exclusion. Thus,  the greater abundances of tiger prawn postlarvae on the 

ba re "exclu s ion" trays is probably due to grea ter settlement rather than reduced 

predat ion .  

As postlarva l numbers were high on the bare trays with exclusion mesh, the mesh, 

which beca me fou led and visible ,  seems to have provided a structured habitat on the 

bare trays tha t  a ttracted postlarval prawns to settle .  Despite being made of a 

completely different type of material to artificial seagrass ,  the mesh was attractive to 

prawn post larvae .  These results , like those of others (Bell et al .  1 986a ,b) ,  suggest that 

for some species , a ny form of structured habitat is better than bare substrate, and that 

pelagic postla rva e will settle to become benthic on any structured habitat, regardless 

of its structura l complexity. 

Effect qf location on settlewzent 

The abu nda nce of penaeid prawns at the three sites across the Embley River estuary 

was vety low in  October 1 994, at a time when they are usually present in high 

densi ties (Vance et a l .  in press). The numbers of prawns were . too low to .make 

sta t is t ica l  comparisons of densities between sites .  

However, post larvae of the crab, Portunus pelagicus, with a life history strategy 

similar to that  of tiger prawns (Potter et al .  1 983,  Kailola et al . , 1993) ,  were abundant at  

th is  time . The abundance of crab postlarvae on the Artificial Seagrass Units varied 

between sites and was highest at Bare 1 on the north bank, which was about 1 000 m 
from the nearest seagrass bed (Fig. 5 . 3 . 5) .  Trawls on the bare habitat at a ll sites found 

few crabs ( < 0 . 0 1 m-2) ,  suggesting that the ASUs attract settlers that would not settle -

from the pla nkton unless seagrass is present. The high densities of crab postlarvae at 

the bare s i te suggests that tidal advection of potential settlers may not be the same 

across the estua ty or tha t settlers may accumulate on ASUs when they are deployed 

dista nt from natura l  seagrass a nd represent the only available habitat for settlement. 
• 

Although di fferences in abundance across the estuary were only shown for blue 

swimmer cra b post larvae ,  tiger prawns also reach seagrass habitats on advective 

currents . Consequently, the delivery of more tiger prawn postlarvae to some areas 

tha n others may resu lt  in greater abundances of juvenile tiger prawns in some beds of 
seagrass compared to others . 
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Pas t  FRDC projects have shown that different seagrass communities around Groote 

Eyla ndt support different abundances of juvenile prawns and that  juvenile 

a bunda nces may not reflect the abundances of newly settled postlarvae some weeks 

beforehand (Loneragan et al. 1 994) . Habitat selection by larger juveniles and 

predation events in habitats of different leaf morphology and shoot densities may be 

importa nt (Kenyon et al. 1 995) .  The results of this study using ASUs show that 

different delivery rates of postlarvae to the seagrass communities may also be an 

importa nt fa ctor. Artificial  Seagrass Units may be  used in the future to  test the effects 

of seagrass shape and size on the settlement of postlarval prawns . Measuring 

settlement in d ifferent habitats provides va luable information on the processes that 

determine the distribution of juvenile prawns . 

Conclusions 

• A simila r group of a nimals was collected in Artificial Seagrass Units and beam 

trawls which suggests tha t  the ASUs are used like natural  seagrass 

• Tiger prawn postlarvae settled in  greater abundances on structured habitat 

(ei ther a rtificial seagrass or bare trays with mesh) tha n  bare habitat. 

• The ra te of settlement of tiger prawn postlarvae was about 0 . 1 2 - 0 . 26 m-2 d-1 . 

• The presence of potentia l  predators did not seem to affect the abundance of 

settlers ,  although this may change as  the postlarvae grow in size. 

• The ra te of settlement of blue swimmer crabs differed greatly between sites 

within the estuary, separated by short distances . Currents , therefore, can have 

a n  i mporta nt influence on the number of prawn postlarva e  arriving at a site . 
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Table 5 . 3 . 1 .  Tota l numbers of juvenile penaeid prawns, crustaceans ,  fish and other 
fau na from Artificial Seagrass Units and bare trays deployed in seagrass 
ha bita t  a nd on bare substrate in the Embley River estuary in November 
1993 .  

Species  Habitat and settlement tray type Total 
Sea grass Bare 

ASU Bare tray ASU Bare tray 

Prawn s 

Juvenile grooved tiger 55  6 20 3 84 

Juvenile brown tiger 4 2 8 1 15  

Tiger prawn postlarvae 1 4  1 1  1 1  1 37 

Greasyback 3 16 43 202 264 

Penaeu.s 1nonodon 0 0 1 0 1 

Penaeu.s mergu.iensis 0 0 2 1 3 

Penaeus latisu.!catus 1 0 0 0 1 

Decapod crus taceans  

Blue swimmer crabs -a ll sizes 33 2 44 1 3  92 
Ca rids  482 42 241 1 3  778 

Alpha eid  s hrimp 1 0  3 37 1 51 

Serges t i d  14  2 5  69 185  293 
Fish 

All fish 1 27 4 1 0  2 8  141  706 

Commercia l  fish species 1 8  1 0  1 4  7 49 

Other cru sta cea ns 819  1 70 63 54 1 1 06 

Mo l lu scs 308 300 8 1 2  564 1984 

Ech i node rm 2 1  2 2  0 0 43 

TOTA L  CATCH 1 891  1 009 1 379 1 1 79 5458 

TOTAL TAXA 2 1  2 0  1 8  1 8  21  

no .  of  deployments 28 28 35 35  251  
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Table 5 . 3 . 2 .  Mean numbers (± 1 SE, m-2 d- 1) of  juvenile penaeid prawns, crustaceans 

a nd fish from Artificial Seagrass Units and bare trays deployed in 

seagrass habitat and on bare substrate at Sg1 in the Embley River estuary 

in October 1993 .  Commercial fish species are snapper, Lutjanus russelli; 

cod, Epinephelus suillus; a nd flathead,  Platycephalus indicus. 

Species  Habitat and settlement tray type 

Sea grass Bare 

ASU Bare tray A S U  Bare tray 

Prawns 

Juvenile grooved tiger 1 . 84±0 .32 0 . 20±0 . 1 0  0 . 22±0 . 06 0 . 03±0 . 02 

Juveni le  brown tiger 0 . 08±0 . 05 0 . 06±0 . 05 0 . 1 4±0. 08 0 . 04±0 . 04 

Tiger prawn post larva e  0 . 26±0 . 08 0 . 39±0 . 1 4  0 . 1 2±0 . 05 0 . 01±0 .01  

Gre a syback 0 . 04±0. 02 0 .49±0 . 1 5  0 . 71±0 . 1 7  3 . 1 1±0 .40 

Other  Crus ta cea ns 

C a rids 1 4. 81±2 . 5 1  1 .48±0. 64 3 . 88±0 .61  0 . 25±0 . 08 

Blue swimmer crab 0 . 77±0 . 20 0 . 09±0 . 06 0 . 37±0 . 1 0  0 . 24±0 . 09 

Alpha e id shrimp 0 . 37±0. 1 9  0 . 04±0 . 0 3  0 . 88±0 . 2 3  0 . 04±0.04 

Sergest id 0 . 50±0 .44 0 .95±0 . 47 1 . 22±0 .45 2 . 38±1 . 0 1  

Fis h 
All fish 3 . 1 3±0 .67 16 .46±5 . 32 0 . 5 2±0 . 1 4  3 .63±0.92 

Corrunerci a l  fish  species 0 . 26±0 . 07 0 . 1 9±0 . 06 ·0 . 1 1±0 .03  0 ; 05±0 . 02 

(no of sets) (28) (28) (35) (35) 
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Figu re 5 .3 . 3  The catch of t i g e r  p rawn j uve n i l es  and  post l a rvae , as we l l  as oth e r  spec i e s ,  i n  Ar t i f i c i a l  Seag rass  

U n its p laced among seag rasses and beam t raw ls  made  th rough t he  same seagrasses 
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Fig u re 5 . 3. 5 The catch o f  b l ue  swimmer crab settl ers from (a) Arti f ic ia l  Seag rass U n its and  bare t rays set on bares su bstrate and 
(b)  t rawls over bare su bstrate at  3 sites i n  the  Embley River estuary.  
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5.4. Effect of density on the growth of juvenile grooved tiger prawns Penaeus 
setnisulcatus in seagrass beds of the Embley River estuary 

Introduction 

Postlarvae and early juvenile tiger prawns recruit to shallow water nursery habitats in 

the Gulf of Carpentaria over two main periods of the year: the pre-wet season 

(September to December) and the late-wet season (February to May) (Vance et al. in 

press ,  Section 5 . 2) .  After recruiting to their inshore nurseries, the postlarvae and early 

juvenile stages a re found in much higher densities in intertidal and shallow subtidal 

seagrass and a lgal beds than in deeper waters (Loneragan et al. 1 994, Haywood et al .  

1995 ,  Section 5 . 1) .  The densities of juvenile tiger prawns around Groote Eylandt vary 

with the type of seagrass: higher densities are found on seagrasses with higher 

biomass ,  a n d  longer a nd wider leaves than those with less biomass and shorter leaves 

(Loneragan et a l . 1 994, Section 5 . 1) .  In contrast to postlarval banana prawns, which 

can reach densi ties of up to 60 per m2 in mangrove creeks (Haywood and Staples 

1 993) ,  the density of postla rval and juvenile tiger prawns rarely exceed 2 to 4 per m2 

(Loneraga n et a l .  1 994, Va nce et al. in press). What limits the densities of juvenile 

tiger prawns a nd wha t  a re the maximum densities of tiger prawns that seagrass beds 

can support? How is the canying capacity of seagrass for juvenile tiger prawns 

affected by the type of seagrass bed? 

We were interested in investigating how many tiger prawns a seagrass bed can 

support in the absence of predators , and therefore developed a technique to study the 

growth of prawns at different densities in natural  seagrass beds . We investigated 

whether the rela t ionship between growth and density differed between the two main 

times of h igh abunda nce (pre-wet and late-wet seasons) ; and whether it differed 

between different types of seagrass beds : one dominated by the large seagrass 

Enbalus acoroides; and one where the much smaller Halodule uninerois and 

Halopb ila ova/is a re the main species, in the Embley River estuary. We studied the 

sma ll ea rly juveni le stages (3 to 6 mm in carapace length) because this is by far the 

most a bu nd a n t s i ze-c lass found on seagrass beds of tropical Australia (Loneragan et al. -
1 994, Va nce et a l . in  press) . 
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Methods 

Study area 

38 

The Embley River estuary (1 2 0  40 '  S, 141  o 50'  E) (Fig. 1) contains several large (>3 ha) 

intertida l  beds of seagrass (Enhalus acoroides, Halodule uninervis and Halophila 

ovalis) and smaller (approximately 1 ha) subtidal beds of algae .  We studied the 

growth of juvenile tiger prawns (Penaeus semisulcatus) stocked at  different densities 

of prawns on two seagrass beds : Sg1 - dominated by the tall, broad leaved Enba/us 
acoroides (leaves up to 1 m long), which grows at low shoot densities; Sg2 -

dominated by the much shorter leaved Ha/odu/e uninervis and Halophila ova/is 

(leaves < 0 . 1  m long) , which grow at  much higher shoot densities . 

Enclosures 

Prawns were stocked in enclosures (see below) with a square aluminium base (0 .95 m 
sides, basal a rea = 0 .90 m2) (Fig. 5 . 4 . 1 a) .  The enclosures were about 1 m high and 

covered with 1 00 J..lm mesh, supported on 4 aluminium rods, which curved inwards at 

the top . This very fine mesh was chosen to exclude most planktonic animals from 

migrating into the enclosures with the tide and therefore restricted the potential prey 

items of the prawns to those that  were located mainly in the seagrass when the 

enclosures were dep loyed . 

After tria ls  in Moreton Bay, an experiment using 1 2  enclosures and juvenile prawn 

densities of 4 ,  1 6  a nd 32 per enclosure was completed in the Embley River estuary in 

November 1 993 .  H owever, a fter 10 days animals such as mud crabs (Scylla serrata) 

had burrowed under many of the enclosures allowing prawns to escape.  In further 

experiments , an extension was added to the base of each enclosure to limit the effects 

of burrowing a nima l s .  The extension was made of a luminium plate (20 cm deep), 

welded into a square fra me a nd pushed into the substrate to a depth of 20 cm. The 

enclosure was then fi tted tightly into the extension frame. 

The effect of the enclosures on dissolved oxygen, light and temperature were 

mea sured i n  Moreton Bay by placing a logger inside a nd outside the enclosures. Over 

a 4 day period, d issolved oxygen inside the enclosures differed by less than 0. 5 units 

from the sea wa ter outs ide the enclosure; temperature by less tha n  0 . 2 ·c .  However, 

the l ight cou ld  be reduced by about 1 0% inside the enclosures compa red with the 

outside environment .  

Stocking prawns in enclosures 

juveni le grooved tiger prawns were collected from Sg1 in a small bea m  trawl (1 x 

0 . 5  m mouth ,  with 2 mm square mesh in the body and 1 mm mesh in the codend) and 
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transported to the la bora tory in aerated 25 1 plastic drums . The carapace lengths of 

the prawns were then measured to the nearest 0 . 1  mm under a binocular microscope 

fi rted wi th a gr8 d u a red eye piece. Prawns were then placed in a erated plastic 

conta iners a nd stocked in the enclosures (see below), usually within 24 h of their 

capture .  The carapa ce length (CL), total length, and wet a nd dry weights of a sub

sample of prawns caught using the beam trawl on Sg1 were also measured at the start 

a nd end of each experiment to determine the relationship between CL and both wet 

a nd d1y weight .  

Expen·mental design 

Followi ng the  pre l i mi n a ry experiments in Moreton Bay during 1 992 a nd 1993 and in 

the Embley I� iver esru a 1y in November 1 993,  3 experiments were completed in the 

Embley River estu a  IY in 1994: one in the late-wet season (March/ April) and two in the 

pre-wet season (between October and December, Table 5 .4 . 1 ) .  Enclosures were 

assembled and placed on the intertidal seagrass beds at low tide, u sually 1 or 2 days 

before they were stocked with prawns . Before placing the enclosure on the seagrass,  

the seagrass wa s d isturbed by sweeping a garden rake across the area ,  in an attempt 

to displa ce fish 8 ncl prawns from the area . 

The densit ies of prawns stocked in the enclosures ranged from 4 to 32 (Table 5 .4 . 1) 

a nd the s izes from 3 . 4  to 6 . 7  mm carapace length (CL) .  However, within each 

enclosure , the s ize ra nge of prawns was less than 1 mm CL in  95% of the enclosures 

and less tha n  0 . 5 mm CL in 80% of the enclosures.  Three or four  rows of between 4 

and 6 enclosu res were placed in a a rea of approximately 30 m by 30 m, with a 

dista nce of a bout 5 m between enclosures within a row, a nd 1 0  m between adjacent 

rows of enclosures . Withi n  a row of enclosures,  densities of prawns were randomly 

assigned to enclosures .  

Retrieving prawns jro1n enclosures 

Prawns were retrieved from enclosures between 1 3  and 22  d after stocking them by 

placing a squ a re retrieva l net (1 m x 1 m base,  1 . 8 m high, Fig. 5 .4 . 1 b) constructed of -

2 mm mesh over the enclosure, pushing the base of the net into the substrate and 

removi ng the enclosure from inside the retrieval net (see below for further details of 

the retrieva l net) .  The seagrass and substrate within the retrieval net were swept with 

a h a nd opera ted scoop-net ( 30 X 1 0  cm mouth with 2 mm mesh net) .  Prawns and 

fish were bagged a nd placed in a brine slurry. After about 5 min of scooping, the 

substrate was fu rther disturbed by drawing a blind with attached nozzles (see below) 

across the base of the retrieval net and sealing the base in 2 - 3 min. The square net 

was then l i fted into a boa t, prawns and fish were placed in brine . 
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The retrieva l net had a rigid a luminium base (1 x 1 m), slightly larger than an enclosure. 

Floa ts were a ttached to the top of the net to elevate the mesh above the water and 

prevent prawns esca ping (Fig . 5 .4 . 1 b) .  Within the rigid base,  a multi-nozzle water-jet 

and semi-rigid plastic blind could be drawn from the open position across the mouth of 

the base to seal  the base .  When placed on the substrate and activated, the water-jet 

directed sprays of water at the substrate, dislodging prawns and fish into the water 

column. The plastic  blind, immediately behind the nozzles, was drawn across the base 

of the retrieva l net, which prevented the animals from returning to the substrate . In a 

ful ly closed posit ion,  the blind closed off the mouth of the rigid base, trapping any fish 

a nd prawns disturbed from the substrate . 

Samples were tra nsported to the laboratory where they were frozen. Prawns and fish 

were identified to species wherever possible, measured (carapace length, total length, 

wet a nd dry we igh t) . Prawns from the late-wet experiment were· only wet-weighed 

because the contents of their foreguts were also examined. The moult stage of prawns 

a nd their gut ful lness were estimated and the frequency of occurrence of different items 

in the diet  was ca lcula ted for al l  prawns retrieved from the enclosures (following Heales 

et a l .  in press) . 

After prawns a nd fish h a d  been removed from al l  enclosures, the seagrass was sampled 

with in a 0 . 2 5  m squa re quadrat from the central region of the enclosure's position. 

Seagrass shoots were counted and a ll above-ground and below-ground vegetation was 

removed from with i n  the quadrat .  The vegetation was returned to the laboratory where 

the species of seagra ss were identified , and the above and below ground components 

separated a nd dry weighed. 

Beam. trawl sampling 

Beam trawls were used to sample the postlarvae and juvenile tiger prawns on the 

seagrass beds a t the time of ea ch experiment. Two 1 00 m trawls were made parallel 

to the shore between rnro perma nent markers every 7 d from 27 Ma rch to 24 April 

1 994 in the la te-wet or ea rly-d1y season and from 6 October to 2 December 1994 in 

the pre-wet season. Two sites a bout 200 m apart were sampled on Sg1 (4 trawls every 

7 d) a nd one s i te on Sg2 (2 trawls) . The sa linity and temperature of the water and the 

water depth were measured a t  the time of sampling . Samples of prawns were taken 

on i ce to the  l a bora tory where they were frozen before being sorted, identified and 

measured to the nearest 0 . 5  mm carapace length . 
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The mea n numbers of postlarva e a nd juvenile prawns of each species were calculated 

for the time periods when the experiments were carried out:  la te-wet = 25 March to 

30 April (April) ;  pre-wet 1 = 10 October to 5 November (October);  pre-wet 2 = 9 

November to 7 December (November) , and for each year  of the studies by Haywood 

et a l .  0 995) a nd Va nce et a l .  (in press) . 

Estimation ofgrowth rates 

The mean ca rapa ce length was calcu la ted for the prawns in each enclosure at  the start 

and the end of each experiment. The relationships between CL and wet and dry 

weight were used to estimate the mean wet and dry weights of the prawns at  the start 

of each experi ment .  Mea n wet and dry weights were calcula ted for prawns at th e end 

of the experiment. The weekly growth rates were estimated from the difference in 

mean CL, wet a nd dry weight between the start and end of the experiment, and 

adjusting for the dura tion of the experiment (days) : 

e .g .  growth in carapace length = (CLend - CLstartVdays x 7 

The relationships between growth rate and numbers of prawns a t  the s tart and end of 

the experiment were ca lcu lated by linear regression for each season (la te-wet and pre

wet) a nd loca t ion .  Because l a rger numbers of the low density enclosures i .e .  4 prawns 

per enclosure , had more tha n 30% of the original prawns remaining at the end of each 

experiment ,  d i ffere nces i n  growth ra tes between experiments a t  these lower densities 

were tested by one-way ANOVAs of the data for Sgl .  In .the pre-wet season, 

differences in growth ra tes in low density enclosures between Sg1 and Sg2 were tested 

by t-test .  Growth ra tes were transformed using logw in a ll of the above analyses .  

Growth ra tes for juvenile tiger prawns caught in  beam trawls on Sg1 and Sg2 were 

estimated from the data collected in previous studies (Haywood et al .  1995,  Vance et 

a l .  in press) by cohort analysis following Haywood and Staples 0993).  This method 

assumes tha t the  popu la tion is closed to immigration and emigration and that juvenile 

prawns of a l l  s i zes a re equally vulnerable to the beam trawl . Unfortunately, cohort 

analysis could not be used to estimate growth from the data collected by beam trawls -

in the current study because cohorts were difficult to identify and follow over the 

relatively short sampl ing period (4 - 6 weeks). 

Results and discussion 

Seagrass charac/en�c:;tics, salinity and temperature 

The mea n biomass of seagrass in enclosures at Sg1 in both the pre-wet and late-wet 

seasons was about 70 to 80 g m-2 , which is much higher than the 4 to 14 g m-2 found 
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a t  Sg2 (Table 5 . 4 . 2) .  The total biomass of seagrass recorded a t  these two sites is 

similar to tha t recorded in the pre-wet seasons of 1 990/91 and 1 991/92 (Haywood et 

a l .  1995) . The mean temperature of the water was about 30 ·c  during both the pre

and la te-wet seasons and was similar at Sg1 a nd Sg2 (Table 5 .4. 2) .  The mean salinity 

was about 7%o lower in the late-wet (29%o) than  the pre-wet season of 1 994 (36.4o/oo, 
Table 5 . 4 . 2) .  

Numbers of post!arvae and juveniles on seagrass beds 

During the times of the enclosure experiments the mean ca tches of postlarvae in beam 

trawls were higher in each sampling period on Sg1 than Sg2 , but not in previous years 

(Fig .  5 . 4 . 2) .  In  1 994,  r h e  highest mean ca tch o f  postlarvae a t  Sg1 was 85  per 1 00 m2 in 

November, whereas the highest means at  Sg2 were 1 0 - 1 5  per 1 00 m2 in October and 

November. Assuming a net efficiency of about 66% for postlarvae (Loneragan et al . 

1995),  the pea k densities of postlarvae were about 1 20 per 1 00 m2 on Sg1 and 20 per 

1 00 m2 on Sg2 . 

In 1 994, the mea n ca tches of juveni le  Penaeus semisulcatus in 1 994 were highest in 

November on both Sg1 (80 per 1 00 m2) and Sg2 (44 per 1 00 m2) (Fig. 5 .4 . 2), which 

a l l owi ng for r h e  efficiency of the net for sampling juveniles (35 to 47%, Loneragan et 

a l .  1 995) gives densi ty estima tes of about 1 70 - 230 per 1 00 m2 on Sg1 and 94 - 1 25 

per 1 00 m2 on Sg2 . In previous years , mean catch rates of juveni le P. semisulcatus 

were simi lar  i n  Apri l ,  October and November a t  .Sgl. Mean catch rates varied more 

both with i n  a nd between months at Sg2 than at Sgl . Mean catch rates of juvenile 

Penaeus escu!entus were much lower than those for P. semisulcatus (Fig. 5 .4 .2) . The 

tota l maximu m  densi ties of juvenile  tiger prawns on Sg1 during the enclosure 

experiments were a bout 200 - 250  per 1 00 m2 . 

Number of prawns at the end of experiments 

The highest proportions of prawns were retrieved from enclosures in the late-wet 

season on Sgl (Fig. 5 . 4 . 3a) .  At this time, recove1y rates were highest (75 to 1 00%) in 

the 4 prawns per enclosure treatment. No prawns were recovered from one of the 32 -

prawns per enclosure replicates . The variation in the proportions of prawns recovered 

from enclosures was higher in the pre-wet season experiments than in the post-wet 

season.  Recove1y ra tes at Sg2 were vety low.  

Some of the va ri : H ion i n  recovery rates is probably due to predators remaining within 

the seagrass a fter the enclosure had been put in place. Prawns may also have been 

able  to esca pe from very sma ll spaces created by s light shifts in the positions of the 

enclosures in re la tion to their bases , or through some catastrophic event within an  
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enclosu re . For these reasons , we have not used the data from the enclosures to 

estimate morta l i ty ra tes a t  different densities, only growth rates . However, we expect 

that  morta l i ty may increase at  high densities through greater interactions between 

prawns,  the possibility of more cannibalism when prawns moult, and a reduction in 

food. 

We have only estimated growth rates where more than 30% of the stocked prawns 

were recovered from the enclosures .  On Sgl , a total of 51 enclosures were stocked 

with prawns on Sgl , and 28 conta ined more than 30% of the original prawns at  the 

end of the experiments (Table 5 .4 . 1 ) .  At Sg2 , only 7 of the 28 enclosures stocked with 

prawns had more than  30% of the original prawns . In some cases, the enclosures at 

Sg2 had l i fted from their bases due to very strong winds in October 1 994. 

Growtb at d�[(erent densities 

Growth ra tes were more highly correlated with the final number of prawns in the 

enclosures than the initia l numbers (Table 5 .4 . 3) ,  which suggests that prawns either 

escaped or died soon a fter stocking in the enclosures . The final numbers of prawns in 

the enclosures have therefore been used as a closer approximation to the density of 

prawns over the dura tion of an experiment. 

The highest growth ra tes in carapace length (CL) at Sgl were recorded at final 

numbers of 4 to 6 prawns per enclosure , with a maximum of 1 .62 mm CL per week. 

All except 3 est imates for these final numbers exceeded 1 mm CL per week 

(Fig. 5 . 4 .4a) .  In genera l ,  the growth rates decreased as the final numbers of prawns in 

the enclosures i ncreased, with 4 values of between 0 . 7  and 0 . 8  mm CL per week at 

fina l dens i ties  of 19 to 31 prawns at  Sgl (Table 5 . 4 . 3) .  The minimum growth rate 

recorded at Sgl was 0 . 36 mm CL per week at a final density of 1 4  prawns. 

The growth ra tes i n  the pre..:wet season a t  Sg2 ranged from 0 . 1 6  to 0 . 8 1  mm CL per 

week ,  and were lower than those for the same final density at  Sgl (Fig. 5 .4 .4a). Only -

two growth ra tes a t  Sg2 exceeded 0 . 50 mm CL per week. The rate of change in wet 

and dry weight of prawns with their final densities (Fig. 5 . 4 . 4b ,c) followed a similar 

pattern to those for carapace length. However, the varia tion in growth rates in weight 

at low final densities was greater than that for CL. 

At Sgl a nd Sg2, growth ra tes declined significantly with increasing numbers at the end 

of the experiment (Table 5 . 4 . 3) .  At Sgl , the relationship between growth rate (in CL) 

a nd fina l densi ty expla i ned 82% of the variation in the late-wet season and 45% in the 

pre-wet season. Usi ng these rela tionships, a growth rate of 1 mm CL per week would 



FRDC 9 2/45 :  5 .4 Effect of density on  growth May 1 996 44 

be achieved a t  Sgl a t  a density of about 8-9 prawns per m2 in the late-wet season and 

5 . 5  to 6 . 5  prawns in  the pre-wet season . 

At Sgl , growth ra tes i n  CL, wet  a nd dry weight at  final densities of 4 - 6 prawns per 
enclosure ,  did not differ a mong the late-wet and the two pre-wet season experiments 

(for CL Fz , l4 = 0 . 20 ,  P = 0 .82 ;  for wet weight Fz , 14 = 1 .6 1 ,  P = 0 . 2 3; and for dry 
weight F u o  = 3 . 06 , P = 0 . 1 1 ) .  The pooled growth rates for prawns at this density a t  

Sg1 (1 . 28 ± 0 . 0 5  mm C L  per week) were about 2 to  2 . 5  times higher than  those a t  Sg2 

(0 .6 1 ± 0 . 09 mm CL per week,  Table 5 .4 .4) .  These results suggest that  the higher 

bioma ss of seagrass at Sg1 ca n support greater numbers of prawns than the low 

biomass seagra ss a t  Sg2 . 

The mea n growth ra tes of juvenile P. semisulcatus estimated from cohort analysis were 

about 1 mm CL per week at both Sgl and Sg2 (Table 5 .4 . 5) at maximum mean 

densities of prawns were 1 . 5 - 2 . 3  per m2 on Sg1 and 0 . 5 - 1 . 3  per m2 on Sg2 :  much 
lower than the densities in enclosures that could support a growth rate of 1 mm CL 
per week (5 - 9 on Sgl) .  The lower growth rates estimated from cohort analysis could 

be related to violations of the assumptions of cohort analysis, or a positive effect of 
enclosures on the growth of prawns. Because the recruitment of postlarval tiger 

prawns is conti nuous a nd juveniles emigrate from tropical seagrass beds at a small 

size, cohort a na lysis cou ld well underestimate the growth rates of juvenile tiger 

prawns . 

Diet of praums in enclosu res 

The mea n gut fu l lness of juvenile Penaeus semisulcatus (as described in Section 5 . 5  of 

this report) in enclosures on Sgl did not differ between final densities of 3 - 5, 8 - 1 4, 

and 1 8 - 20 prawns per enclosure during the late-wet season; mean gut fullness 

ranged from 7 .7  (3 - 5 prawns) to 8 . 2  (1 8 - 20 prawns). It was a lso similar to that of 
prawns caught i n  bea m trawls and scoop-nets on Sg1 in 24 h s tudies during the late
wet season (Heales et al. in press) . 

The frequencies of occurrence of the main food items in the foreguts of prawns caught 

in bea m trawls were simi lar  to those of prawns after about two weeks in enclosures 

on Sgl . In the enclosu res,  the frequencies of occurrence of the main items \\'ere also 

very similar  a t  the different prawn densities in the enclosures with unidentified mauer, 

dia toms , copepods and fil amentous a lgae exceeding 90% in a ll cases (Fig. 5 .4 .5) .  
However, 6 ca tegories of diet  (ostra cods , foraminiferans, kinorhynchs , unidentified 

eggs,  oligocha etes �:md bryozoa ns) were found more frequently in prawns from 

enclosures with fina l densities of 3 - 5 prawns, than either of the higher densities . 
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Five items (fora miniferans, ostra cods, polychaetes, kinorhynchs and oligochaetes) 

were a lso fou nd more frequently in prawns from enclosures with 1 0 - 14 than 18 - 20 

prawns . These resu l ts suggest that  the diet of the juvenile prawns has been affected at 

the h igher densi ties and this could account for the lower growth rates as  density 

increases . 

Conclusions 

• The growth ra te of small grooved tiger prawns declined with density of prawns 

stocked in enclosures (0 . 9  m2 in basal area) on intertidal seagrass beds. However, 

good growth ra tes were recorded at h igher densities (2 - 4 times) than those 

norma l ly fou nd on these seagrasses .  

• Growth rates were higher on the seagrass bed with higher biomass and the large

leaved Enbalus acoroides than on the bed with the low biomass and the much 

sma l ler-leaved Halodule u n ineruis. In the absence of predators , the carrying 

capacity of high biomass seagrass beds for juvenile tiger prawns is therefore likely 

to be greater tha n  that of low biomass beds . 
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5.4.1 Encbsure densities 

Table 5 . 4 . 1  Number o f  enclosures stocked at  each density o f  juvenile tiger prawns 

(Penaeus semisulcatus) , and the range of durations in days that prawns 

were in enclosures, during different experiments . The number of 

enclosures in which more than 30% of the initial prawns were retrieved is 

in parentheses .  

Seagrass bed a nd season Days Density (no per enclosure) 

4 8 16 32 total 

Sg1 

Late-wet (Apri l ,  94) 1 5 - 18 4 (4) 4 (3) 4 (3) 12  (10) 

Pre-wet (October, 94) 1 3 - 16 5 (4) 5 (3) 5 (3) 1 5  (10) 

Pre-wet (November, 94) 1 4 - 21 6 (5) 6 (2) 6 (0) 6 (1) 24 (8) 

Tota l :  Sgl 1 5  (1 3) 1 1  (5) 1 8  (6) 1 3  (4) 51  (28) 

Sg2 

Pre-wet (October, 94) 1 2 - 17 5 (2) 5 (2) 5 (0) 1 5  (4) 

Pre-wet (November, 94) 22  6 (3) 6 (3) 
Tota l :  Sg2 5 (2) 5 (2) 1 1  (3) 2 1  (7) 

• 



Seagrass biomass. environment 

Table 5 .4 . 2  Mean (± 1 SE) salinity, temperature and seagrass biomass during 

experiments on the effects of density on the growth of grooved tiger 

prawns (Penaeus senzisulcatus) in seagrass beds in the Embley River 

estuary, north-eastern Gulf of Carpentaria ,  Austral ia .  - = no samples 

ta ken.  

Variable a nd Season Mean (± 1 SE) for seagrass bed 

Sg1 (n) Sg2 (n) 

Salinity 

Late-wet (Apri l , 94) 29. 3  ± 0 .28 (24) 29.4 ± 0 .29 (14) 

Pre-wet (October, 94) 36.4  ± 0 .05  (8) 36 .9 ± 0 .23 (4) 
Pre-wet (November, 94) 35 . 7 ± 0. 1 1  (8) 35 .9  ± 0 .00 (2) 

Tempera tu re 

Late-wet (Apri l ,  94) 29.9  ± 0 .25  (24) 29. 2 ± 0 . 1 7  (14) 

Pre-wet (October, 94) 29. 2 ± 0 .45 (8) 29. 0 ± 0 .66 (4) 

Pre-wet (November, 94) 30. 5 ± 0 .26 (8) 30. 9 ± 0 .00 (2) 

Seagrass biomass 

Post-wet (Apri l ,  94) 78.6 ± 4. 1 8  (2 1) 4 .71 ± 0 .81  (10) 

Pre-wet (October, 94) 69 .7  ± 4.96 (1 5) 1 3. 7  ± 1 .46 (3) 

Pre-wet (November, 94) 67.9 ± 9 .62 (2 1) 



Table 5 .4.3: Growth. density 

Table 5 .4 . 3  Regression relationships between the number of  juvenile grooved tiger 
prawns Penaeus sewtisulcatus in enclosures and growth rate (growth in 

mm carapace length per week) for the late-wet a nd pre-wet seasons. 

Site and season Equation 

x = number of prawns a t  the end (nos end) of the experiment 

Sgl 

La te-wet 

P re -we t 

Sg2 

Pre -wer 

log growth = 0 . 3 1  - 0 .34 log(nos end) 0 . 82*** 

log growth = 0 .30 - 0 .38 log(nos end) 0 .45** 

log growth = 0 . 0006 - 0 .058(nos end) 0 . 5 3+ 

x = number of prawns a t  the end (nos start) of the experiment 

Sgl 

La te -we t 

Pre-wet 

Sg2 

Pre-wet 

log growth = 0 . 26 - 0 . 24 log(nos stan) 0 .60** 

log growth = 0 . 30 - 0. 34 log(nos stan) 0 .40** 

log growth = - 1 . 97 - 0 .026 nos start o . zoo. zo 
+ = o .o5 < P s  0 . 10 ;  ** = o.o01 < P s  o .o1  

(n) 

(10) 

(18) 

(7) 

(10) 

(18) 

(7) 



5.4.4. 5 .4.5: Growth rates 

Table 5 .4 .4  Mea n growth rates of  juvenile tiger prawns Penaeus semisulcatus in 
enclosures on two seagrass beds on the Embley River estuary. T-tests 

showed that growth rates were significantly higher on Sg1 than Sg2 in all 

cases .  

Growth measurement Mean growth rate per week (± 1 SE) 

Sg1 (n) Sg2 (n) 
Carapa ce length (mm) 1 . 28 ± 0 .05 (17) 0 .61 ± 0 .09 (4) 

Wet weight (g) 0 . 1 1  ± 0 . 008 (17) 0 .05 1 ± 0 .017  (4) 

Dry weight (g) 0 .026 ± 0. 003 (1 2) 0 .0096 ± 0 .0031  (4) 

Table 5 . 4 . 5  Mean growth rates (± 1 SE) for juvenile tiger prawns Penaeus 

semisulcatus estimated from cohort analysis of prawn catches in 
d i fferent  seagrass beds . n = number of cohorts . 

Location and season Growth rate in mm carapace (n) 

length per week 

Mean (± 1 SE) range 

Penaeus sem isulcatus 

Embley River, Sg1 , wet 1 .08 ± 0 . 1 5  0.63 - 1 .62 (5) 

Embley River, Sg2 , wet 1 . 4 (1) 

Embley River, Sgl ,  pre-wet 0.98 ± 0 .05 0 .62 - 1 . 2 1  (1 3) 

Embley River ,  Sg2 , pre-wet 1 . 05 ± 0.04 0 .91 - 1 . 26 (8) 

Mea n for Embley R iver 1 . 02 ± 0 .04 0 .62 - 1 .62 (27) 

from Haywood MDE , CSIR·o Division of Fisheries, unpublished data 
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5.5 Diet, feeding behaviour, and moult cycle of juvenile Penaeus semisulcatus 
in seagrass beds 

Introduction 

Newly settled juvenile tiger prawns, both grooved and brown, use vegetated intertidal 

areas as primary nursery sites in the Gulf of Carpentaria (Staples et al .  1985, Coles and 

Lee Long 1 985 ,  Loneragan et al .  1 994) . In the Embley River estuary, small grooved 

tiger prawns (Penaeus semJsulcatus ) also use subtidal algal beds as primary nursery 

sites (Haywood et al .  1 995).  Little is known about the diet, feeding behaviour, the 

timing of mou lting , or the duration of the moult period of small tiger prawns. Such 

information is critical to furthering our understanding of how and why small prawns 

settle and survive in some nursery areas but not others . 

Methods, Results and Discussion 

We sampled ju veni le Penaeus semisulcatus (with a small beam trawl) at two hour 

intervals over two 24 hour periods, one in the pre-wet season (November 1993) and 

another in the late wet season (March 1 994) . Small tiger prawns between 2 . 5  and 

5mm carapace length moulted on average every three days with ecdysis (moulting) 

only occurring in ea rly evening . A moult period of 3 days was calculated from the 

percentage of juveniles (in premoult and ecdysis) which were known to moult on a 

given night (Fig 1 . ) .  This is the first time moult period of small juveniles has been 

estima ted from fie ld  studies .  These field estimates of moult duration are similar to 

those obta ined in the laboratory for the brown tiger prawn (Penaeus esculentus) and 

the banana prawn (Penaeus merguierzsis) (Staples and Heales 199 1 ,  O'Brien 1994) .  

Small grooved tiger prawn juveniles had high levels of food (mean around 7) in their 

foreguts throughout day a nd night in the combined 24 hr periods (Fig. 2), including 

the day t ime low t ides which occurred at mid-day. Foregut fullness was estimated on 

a scale of 0 to 1 0 , with 0 be ing empty and 1 0  denoting full. Further field experiments 

showed tha t  sma ll juveniles passed both hard and soft prey items through their 

foreguts in less than two hours when they were feeding and also when food was 

u nava ilable .  In order to ma intain high levels of foregut fullness, the prawns must 

therefore have been feeding frequently throughout the 24h period. 

In field experiments , the moulting process, ecdysis, was affected the feeding rate of 

late premou l t prawns in the last few hours preceding the moult. Feeding was reduced 

or cea sed and the empty foregu t was everted when the old exoskeleton was discarded 

at ecdysis .  
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Diet varied l i ttle between seasons with copepods, diatoms and filamentous algae being 

recorded in a lmost every foregut (Fig. 3) . Other prey items that  were found in more 

than  25% of foreguts included insect larvae (non biting midge larvae), ostracods, 

nema todes , fora minaferans a nd a n  unidentified parasite . 

The diets of two size groups of small tiger prawns (2 . 5-5 mm and 5 . 0-9 mm CL) from 

an intertida l seagrass s ite in the main river were a lso compared with that  from a vastly 

different subtidal a lgal bed nursery site within a small mangrove creek in October 

1 994 . Copepods ,  dia toms, and filamentous algae once again were recorded in most 

foreguts from both s i tes .  Insect larvae which were very common in the intertidal 

seagrass site, were a bsent from the subtidal algal site. Decapods were much more 

common i n  the foreguts of the larger prawns . Larger juveniles emigrate from the 

nurse1y areas a round this size range (5-9 mm CL) and this group had a wider range of 

diet than  the smalle( prawns . The two different nursery areas provided refuges for 

simi lar  suites of prey items important for the growth of newly settled postlarvae and 

juveniles ,  a nd as  such,  they must be protected. 

These resu l ts show tha t  sma l l  t iger prawns feed frequently a t  all s tages of day and 

night  and tida l cycles,  on a wide range of dietary items; have rapid passage rates of 

food through their foreguts, a nd moult in early evening a t  intervals of around three 

days .  

Conclusions 

• Sma l l  juveni le  tiger prawns had high indexes of foregut fullness both in the day 

and a t nigh t , even when seagrass beds were exposed a t  low tide. Passage rates 

of food th rough the foregut were a lso rapid and suggested tha t  feeding occurred 

regu l a rly  t h roughout the 24h period. 

• Sma l l  tiger prawns moulted every 3 days and moulting occurred in early evening. -

• Sma l l  juve n i l e  tiger prawns (2 . 5 -Smm CL) fed ma inly on diatoms, filamentous 

a lga e a nd copepocls in both the pre-wet and la te-wet seasons .  Other common 

prey i tems i ncluded ostracods, insect larvae, and nematodes. · 

• The d ie t  of both sma ll and larger (5 - 8  mm CL) juveniles in two very different 

nurse1y habi ta t  types (an intertidal seagrass bed a long the main river and a 
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subtida l a lga l bed inside a sma ll creek) was very similar. Larger prawns ate more 

deca pods tha n  sma l ler prawns at both sites . 
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5 . 6  Are mangroves and seagrasses sources of organic carbon for penaeid 

prawns in a tropical Australian estuary? A multiple stable isotope study 

We used multiple stable isotope analysis to investigate the importance of mangroves, 

seagrasses a nd other primary sources to the food webs supporting penaeid prawns in 

the Embley River estuary and adjacent off-shore waters in the north-eastern Gulf of 

Carpentaria , Australia . The full results of this studied have been either published 

(Bunn et al .  1 995) or submitted for publication (Loneragan et al. submitted) . 

Mangroves , seagrass and seston/macroalgae were well separated on the basis of their 

813c va lues in both the dry and the wet seasons . In contrast, only seston 

(phytoplank ton a nd zooplankton) and macroalgae, which had similar ()13C values, 

were sepa ra ted by their () 1 5N values . The primary source of carbon supporting food 

webs of severa l species of juvenile penaeid prawns clearly depended on the location 

with in  the estuary. The ()13c values of juvenile prawns (Penaeus  esculentus,  
f. semisu lca tus  a nd Metapenaeus spp .) in  seagrass beds were close to  those of 

seagrass, particularly in the dry season. This was despite the proximity of the seagrass 

to mangroves and the presence of mangrove detritus in the seagrass beds. In contrast, 

juvenile prawns Cl:. semisu l ca tu s ,  Metapenaeus spp. and f. merguiensis) in an 

upstrea m mangrove creek had ()13C values that  were midway between those of 

mangroves a nd seagrass ,  and close to those of seston and macroalgae during the dry 

season. This ha bitat was the only one within the estuary where mangroves could 

make a significant contribution to the carbon assimilated by juvenile prawns, but only 

if the remainder of the carbon is ultimately derived from a seagrass source. The 

pote ntia l  contribution of ma ngrove carbon to food webs supporting juvenile prawns 

in both mangrove a nd seagrass sites was higher in the wet season than in the dry 

season.  I n  contra st to juven ile prawns , the ()13C values of adults in offshore waters 

were very s imi l a r  i n  magnitude. They were much higher than the values for mangrove 

leaves ,  indica ting that  their ca rbon came from another source, possibly benthic 

microa lga e or seagra ss detritus .  Therefore , the considerable amount of 

terrestria l/ma ngrove carbon exported from tropical estuaries during the wet season is 

unlikely to contribute to food webs supporting adult prawns. 

Reference s  
Bunn SE ,  Lonera ga n  N R ,  Kempster MA 0 995). Effects of  acid washing samples on 

stable isotope ra tios of C and N in penaeid shrimp and seagrass :  implications for 
food web studies using mu ltip le stable isotopes . Linmology and Oceanography 
40: 622-625 .  

Lonera ga n  N R ,  Bu nn SE ,  Kellaway DM (submitted). Are mangroves and seagrasses 
sou rces of orga nic ca rbon for penaeid prawns in a tropica l Austra lian estuary? A 
multiple s table iso tope study. Oecologia. 
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S. 7 Predation of juvenile tiger prawns in sea grass beds of the Embley River 

Introduction 

50 

Intertidal and shallow subtidal seagrass and algal beds are critical nursety habitats for 

postlarval and juvenile tiger prawns and, at times, vecy large numbers of postlarvae 

recruit to these habitats from offshore. However their abundance can decrease rapidly 

following settlement on the seagrass and algal beds. One possible cause is predation. 

The importance of predation by fish has already been demonstrated for large juvenile 

penaeids (Salini et al .  1 990, Brewer et al. 1 995). However, previous studies have not 

found much evidence of predation on small prawns. Recent laboratocy studies have 

shown tha t  both postlarvae and small juvenile prawns are digested vety rapidly in fish 

guts and th is may be why earlier work has not been able to identify major predators of 

small prawns (Haywood 1 995). We examined predation on postlarval and small 

juvenile tiger prawns by using a range of sampling techniques that ensured we would 

sample a broad range of fish and by sampling in the critical nursety habitat i .e .  

shallow seagrass. We also monitored the juvenile tiger prawn population at the same 

time to try a nd relate mortality rates to predation levels . 

In order to test whether predation on juvenile tiger prawns varies between seagrass 

beds with different amounts of seagrass we adopted two approaches. Firstly, we 

sampled fish predators a t  two seagrass beds : one with much higher biomass of 

seagrass tha n  the other. Secondly we tethered prawns in different habitats to compare 

preda tion rates among different seagrass shoot densities. 

Methods 

Fish and prawn sampling 

We collected samples of fish and prawns from two intertidal seagrass beds in the 

Embley River (SG1 and SG2) (Fig. 5 . 7. 1) .  The dominant seagrass at SG1 was Enhalus 

acoroides, a la rge seagrass with long, broad, strap-like leaves , up to 1 m long. The 

sma ll ( < 1 0  cm long), fine-leafed seagrasses, Halophila ovalis and Halodule uninerois 

dominated the second site, SG2. 

Fish were collected from both sites using a variety of techniques including gill nets , 
• 

beach seining a nd beam trawling during October 1 993 (pre-wet season) and April 

1 994 (ea rly dry season) . This is the time of peak abundance of juvenile Penaeus 

senzisulcatus in this area (Vance et al .  in press) . 
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We used a fleet of four 60 m long monofilament nets (50 ,  75 ,  1 00 and 1 50 mm stretch 

mesh) .  Nets were deployed before dusk on a flooding tide at both sites for 2 nights 

during each sampling period (22-25/1 0/93 and 1 4-1 7 I 4/94) . All fish were removed 

from the nets and identified. Standard length and weight were measured and the guts 

removed,  bagged and immediately placed in a slurry of frozen seawater and salt. 

A bea ch seine (60 m long, 2 m drop, 19 mm stretch mesh) with cod-end was used 

from a 5 m punt fitted with a submersible net-roller device that kept the lead line on 

the bottom while the net was being retrieved. This device was necessary to operate 

the seine because the seagrass beds at SG 1 and SG2 are not adjacent to beaches which 

would a l low a bea ch seine to be operated in the normal way. Areas sampled by seine 

were 50 - 200 m offshore at SG1 and about 1 . 5  km offshore at SG2 The seine was laid 

in a circle (swept area of about 290 m2) on the downstream side using a 2 . 8  m punt 

powered by an electric motor. 

A sma ll beam trawl (1 . 0  x 0 . 5  m mouth; 2 . 5  m long; 2 mm mesh net in the body; 1 

mm mesh cod-end, was also used to sample fish and prawns at  both seagrass beds. 

Beam trawl samples were taken every 7 days from 30 September 1993 to 3 November 

1 993 in the pre-wet season and from 27 March 1994 to 24 April 1994 in the early dry 

season. On each sampling date, two trawls were made (from a 4.8 m dinghy a t  = 0 . 5  

m.s- 1) between tw o  permanent markers placed 1 00 m apart o n  each o f  the seagrass 

beds . Trawls were made at  night as close . to high tide as possible .  All fish and 

prawns were col lected from the beam trawls . 

All fish were weighed and their standard lengths measured. Their stomachs were 

removed and the contents analysed by the gravimetric method (Hyslop 1980) . Prawns 

from the beam trawl samples were measured to the nearest 0 . 5  mm carapace length. 

We used drop tra ps to collect data on the densities of small benthic animals on the 

seagrass beds .  These consisted of  a 0 . 8  x 0 . 8  x 0 . 8  m cubic aluminium frame, four 

sides of which were covered in 2 mm mesh. The top and bottom were open and the 

frame set into the substrate on the seagrass ,  while the water depth was between 0 .4 

and 0 .7 m. We then used scoop nets to catch the animals enclosed by the frame. Ten 

drop trap samples were taken across a 1 50 m transect at SG1 in the pre-wet season 
• 

(October 1 994) . 

We estimated a rela tive measure of predation on penaeids as  the product of the catch 

rates and the proportion of penaeids in the diet of each fish species (Prawn Predation 

Index [PP I ] ;  Sal ini  et a l .  1 990) .  The PPI was calculated separately for gill  nets and the 
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other fishing methods since gill net catch rates are expressed in terms of g h-1 whereas 

the beam trawl and beach seine catch rates are expressed as g m-2 .  A total PPI for 

each site and season and fishing method was calculated as the sum of the product of 

each species' PPI and the number of that species caught at each site and season. 

We ca lcula ted a mortality index for the juvenile Penaeus semisulcatus populations by 

estima ting the total mortality over all size classes using catch curves for each site and 

season. 

Tethering 

Tethering studies have been used widely to compare predation levels on small prey 

items across different habitats (e .g .  Heck and Thoman 1 981) .  Usually a tether (often 

monofilament l ine) is a ttached to the prey animal, the other end being fixed to the 

substrate, in the habita t of interest. The prey animals are left for a period, usually $ 1 

day , before being checked. The numbers of prey surviving in each habitat are then 

compa red.  

A major problem with this general technique is that  the duration of the experiment is 

critica l .  For example,  if the experiment is too short, none of the prey will be taken. 

Conversely, if the experiment is too long, a ll the prey from all treatments will be 

taken. \Ve developed a chronographic tethering device to overcome these problems 

by enabling us to record the time of predation of each tethered prawn (Haywood and 

Pendrey submi tted; see technical appendix) . More information per animal was also 

recorded because "survival time" was measured rather than just the survival or loss of 

prawns . 

Two types of tethering experiment were done. Firstly, we used 1 m2 plots of artificial 

seagrass  to compare the effect of different shoot densities on predation rates. 

Secondly, we compared predation rates on bare substrate (near  SG1) with those in 

natura l Enhalu.s acoroides (SGl) and Halodule uninervis (SG2) beds . 

Arti ficial  seagrass plots had 0, 1 5  or 60 shoots m2 a ttached to the weld-mesh with 

plastic cable ties .  The seagrass was designed to simulate Enhalus acoroides and each 

shoot was composed of 4 "leaves" (1 . 5  cm wide x 40 cm high) attached to 1 m2 sheets 
• 

of ga lva nised weld-mesh (70 mm squares) . Four prawns were tethered to each plot, 

which were deployed just before dusk and recovered within 1 2  h. 
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Results and discussion 

Overall diets 
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A tota l of 532 1  fish from 1 32 different species were caught; 1 291  were caught in the 

gill nets , whi le 4030 in the seine and beam trawl. Sixty-five percent of these fish had 

some food in their guts . We only analysed species in which there were 10 or more 

guts conta ining food ( 40 species) . 

Some species a te a wide variety of prey types e .g .  Acentrogobious can in us and 

A mniataba caudavittatus. However, in most species a particular prey type was 

dominant e .g . teleost prey in Scomberoides c01mnersonianus, Carcharhinus cautus, 

Platycephalus indicus and Eleutheronema tetradactylum (Tables 5 .7 . 1 and 5 .7 .2) .  A 

few species a te only a single type of food e .g .  Secutor ruconius: copepods; Siganus 

canaliculatus: algae .  

Crustaceans (other than penaeids , stomatopods and brachyurans) were the most 

dominant prey type in terms of frequency of occurrence and dry weight, with over 

half  (24) of the 40 fish  species examined having a frequency of occurrence of 

crustaceans of 25% or more. In 20 species of fish, the percent dry weight contribution 

of crustaceans was 25% or more (Table 5 . 7 . 1? .  This contrasts with a previous study in 

the Embley River in which teleosts were the dominant prey type (Salini et al. 1 990) .  

This may be because the Salini et a l .  0990) study focused on the capture of larger fish 

tha n  our study. 

Teleost prey was the dominant prey category in 9 of the species in terms of precent 

dty weight and 6 species in terms of precent frequency of occurrence. Molluscs were 

most important in the diets of Drombus palackyi, Chelonodon patoca, Gerres 

abbreviatus, G. oyena and Monocanth us chinensis. Annelids fea tured in the diets of 

many of the sma ller species in particular Chelonodon patoca, Herklotsichthys lippa, 

Gerres oyena, Leiognatb us decorus, L. equulus, L. splendens and 1bryssa hamiltoni. 

Penaeidc; in the diet of fish 

A tota l of 845 pena eid prawns were found in the guts of 382 fish of 36 different 

species , a lthough only 1 8  of these had 1 0  or more guts containing food. Salini et al .  

0 990) found penaeids in the guts of 37 fish species, 17 of which were the same 
• 

species as  those we identified. The reason there is not more overlap in the species 

found with penaeids in their guts is probably because our study focused more on 

small predators . In a ddition, the fish from the Salini et a l .  0 990) study were caught 

from ma ngroves creeks as well as seagrass beds . 
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The most common species of prawns found in fish guts were grooved tiger prawns 

(Penaeus semisulcatus - 287 prawns) and greasy backs (unidentified Metapenaeus spp. 

- 268 prawns) . I n  one Scombero ides commerson ianus (queenfish) stomach, we found 

72 juvenile P. semisulcatus . In some cases, prawns from gut contents were digested to 

a sta te where identifica tion to species was not possible.  

Unidentified Jl1etapenaeus spp. featured in the gut contents of most of the penaeid 

predators , and were the dominant prey (�50%) in 1 2  species of fish.  Tiger prawns 

were a n  importa nt prey item (� 25% of the dry weight of penaeids) in 1 5  species of 

fish (Penaeus semL<;ulcatus: 9 species; P. esculentus: 5 species and unidentified tiger 

prawns :  1 species) 

Predation Impact on Prawns 

A tota l of 690 penaeids were found in guts of fish caught in the gill nets compared to 

1 55 penaeids from guts of fish caught in the beam trawl and seine. 

Sco1nberoides commersonianus (queenfish) were by far the most important penaeid 

predator caught in the gill nets (Fig. 5 . 7. 2a) . Eleutheronema tetradactylum (threadfin 

sa lmon), Rhizoprionodon acutus (milk shark), Arius proximus (catfish) and Lates 

calcarifer (barra mundi) were also important penaeid predators . Although penaeids 

were only 3 . 2% of the diet (by weight) of catfish, we caught large numbers of them 

(490) ,  which accounts for their relatively high impact on penaeids . Salini et al. (1990) 

also found queenfish to be the most important penaeid predator, a long with 

barramundi and Polydactylus sheradini (king salmon). The differences in the 

secondary species a re probably because Salini et a l .  sampled mangrove areas as well 

as seagrass .  

The fou r  species caught in the beam trawls and seines that had the greatest impact on 

pena eids were :  77.nyssa hmniltoni (Hamilton's anchovy), Sillago analis (golden-lined 

whiting) , Ambassi.s nalua (scalloped perchlet) and Cymbacephalus nematophthalmus 

(fringe-eyed fla thead) (Fig. 5 . 7 . 2b) .  

The tota l Prawn Preda tion Index (PPI) for gill nets was highest at  S G 2  i n  the pre-wet 

season a nd lowest a t  SG2 in the early dry. There was little seasonal difference in the 
• 

PPI at  SG1 (Ta ble 5 . 7 . 3) .  The very high PPI for SG2 in the pre-wet was driven largely 

by a catch of 2 1 8  queenfish compared with 35 from SG1 during the same season. 
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The tota l Prawn Predation Index for the other nets (seine and beam trawl) was always 

higher at SG1 tha n SG2.  There was little seasonal change in total PPI at SG2 

compared with SG 1 which was highest in the early dry season. 

Size range of tiger prawns eaten 

The size of P. sem.isulcatus caught in beam trawls on the seagrass ranged from 1 - 20 

mm CL in size . Forty-eight percent of the catch were postlarvae (1 - 2 mm CL) and 

there was a smaller mode at about 5 mm CL (Fig . 5 . 7. 3a) . The size of juvenile 

Penaeus semL'>ulcatus found in fish guts at both sites during both seasons ranged from 

2 - 20 mm CL,  with a mode at 6 mm CL (Fig. 5 .7 . 3b) .  Only 2 . 5% of the P. semisulcatus 

from fish gu ts were postlarvae .  

Although we caught three times as many fish in  the beam trawl and beach seine as we 

caught in the gil l nets ,  only 22 of the 287 P. semisulcatus fou nd in fish guts were 

caught in the beam trawl and beach seine, and they were all � 8 mm CL. 

Despite the fa ct that we targeted small fish by using beam trawls and seines, the small 

prawns were under-represented in the predator's gut contents . One reason for the 

low numbers of post larva l and small  juvenile tiger prawns found in fish guts may be 

tha t preda tors of small 'prawn-like' prey have a much larger choice of prey species 

than preda tors of l arger 'prawn-like' prey. From a series of 1 0  drop traps on the 

Enhalus acoroides beds (SGl) at Weipa ,  we found much higher densities of small (< 

30 mm tota l length) 'prawn-like' species (e .g .  carids , amphipods, alphaeids, isopods, 

sergestids, ta naeids,  mysids and stomatopods) than prawns themselves (Table 5 .7 .4) .  

In contrast ,  very few of these animals (apart from the prawns) grow much larger than 

this ,  so preda tors of larger crustaceans are more likely to prey on prawns. 

Site/sea.'ion Comparison 

Mean numbers of Penaeus semisulcatus caught in the beam trawls were greater during 

the pre-wet sea son a nd were higher at the Enhalus acoroides site (SGl) than at the 

Halophila/Halodule (SG2) bed (Table 5 .7 . 3) .  This pattern matches that shown for 

these sites during 1 990 - 1 992 (Haywood et al .  1995). 

The season a l  trend for numbers of Penaeus semisulcatus found in guts of predatory 
.. 

fish was s imi l a r  a t  both si tes . The number of P. semisulcatus found in the guts during 

both seasons a t  both sites increased as the number of P. semisulcatus caught on the 

seagrass beds increased (Fig. 5 . 7 . 4) .  Although the number of data points is small, this 

resu lt  suggests that  for P. semisulcatus, seagrass structure is not important in providing 

protection from preda tion. One reason for this may be related to the behaviour of 
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juveni le P. semLc;u/catus. On dark nights , many P. semisulcatus swim up in the water 

column, above the seagrass ,  where it is unlikely to offer any protection. Since our 

sampling was a lways done shortly after the new moon and the major predators were 

queenfish ,  wh ich a re pelagic, this may explain why seagrass was not important in 

reducing preda tion at the high seagrass biomass site (SG1) .  

The P.  semisulcatus mortality index (highest negative number indicates highest 

morta lity) increased with the number of P. semisulcatus found in fish guts (Table 

5 . 7 . 3) ,  suggesting that predation by fish is the major cause of mortality for these 

prawns . 

Tetben:ng 

Laboratory studies have shown that  while tethering obviously restricts the swimming 

behaviour of juvenile prawns, it does not affect their ability to bury or the time spent 

buried. 

The resu l ts of the first series of field tethering experiments (October 1 994),  using the 

artifi ci a l  seagrass and Penaeus sem,isulcatus, showed that  both the numbers of animals 

surviving, and the time that they survived predation, was greater on the high shoot 

density treatment (ful l  deta ils are given in Haywood and Pendrey submitted; see the 

technica l appendix) .  

I n  the  second experiment (November - December 1 994) we tethered Penaeus 

sem.isulcatus on ba re areas (SGl) ,  Halodule uninervis (SG2) and Enhalus acoroides 

(SG 1) beds by a tta ching the chronograph and tethered prawn to a 2 . 5  m long stake to 

faci l i tate deployment a nd recovery. There were no differences between predation 

rates in a ny of the treatments , possibly because the stakes may have been acting as 

fish a t tra cting devices , swamping any differences between treatments; or the tethered 

prawns may have been eaten by a predator, whose efficiency was not affected by 

seagrass cover. 

Subsequent la boratory studies have shown that  our results may have been affected by 

blue swimmer crabs (Portunus pelagicus) . At some times of the year, these crabs are 

common on the seagrass beds a round Weipa .  We have filmed blue swimmer crabs 
• 

with both tethered and untethered tiger prawns . The crabs are rarely able to catch 

untethered prawns, but always catch and eat  the tethered prawns . Blue swimmer 

crabs hunt by smell ra ther than sight, and so whether the prawns are tethered in 

seagrass or on ba re habitat makes little difference to their ability to detect and capture 

them . 
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During our third series of experiments a t  Weipa (April 1995) we were unable to catch 

sufficient numbers of P. semisulcatus, so we used P. esculentus. We anchored the 

chronogra phs with no structure a bove the substrate, except for the chronograph itself 

to minimise the possibility tha t  our devices were acting as fish attracting devices We 

a lso moored cra bs pots in the a rea for three nights after the experiment was 

completed, but caught no blue swimmer crabs . We found that  predation was higher 

on the ba re a rea compared to that  in the natural Enhalus acoroides. 

Conclusions 

• Although penaeids were found in the guts of 37 different fish species, the major 

impact on penaeid populations is due to three fish species caught by the gill 

nets : Scomberoides conunersonianus (queenfish), Eleutheronema tetradactylum 

(threadfin salmon) and Rhizoprionodon acutus (milk shark), and four species 

caught in the beach seine and beam trawl: Tb ryssa hamiltoni (Hamilton's 

anchovy) , Sillago analis (golden-lined whiting), A mbassis nalua (scalloped 

perchlet) a nd Cynzbacephalus nematophthalmus (fringe-eyed flathead) .  

• Postl arvae and small  prawns are under-represented in fish gut contents possibly 

because preda tors of small 'prawn-like' prey have a far greater choice of 

species compa red to predators of .large 'prawn-like' prey. Postlarval prawns are 

much less abundant in seagrass than other small  'prawn-like' prey (e .g. 

amphipods and carids) . In contrast, larger juvenile prawns are probably the 

most a bunda nt 'prawn-like' crustaceans on the seagrass and were abundant in 

the gut contents . 

• Preda tion of Penaeus semisulcatus was greatest when the prawns were most 

abu ndan t .  

• The Penaeus semisulcatus mortality index followed a similar pattern to the 

number of P. semisulcatus found in the fish guts, suggesting that  predation by 

fish is the ma jor cause of mortality in juvenile P. semisulcatus . 

• 
• We developed a submersible chronographic tethering device that enabled us to 

demonstra te tha t high seagrass shoot density reduced predation on juvenile 

Penaeus esculentus. However, care must be taken when interpreting the results 

from this type of experiment since interactions with other factors can lead to 

erroneous results .  
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Table 5 7 . 1 Stom a ch contents of fish from intertidal seagrass beds in the Embley River. 

59 

Percentage 

frequency of occu rrence of each prey items is the percentage of each fish species having at least one of 

the prey i r.ems i n  rhe gut .  This only includes those species of fish in which 10 or more stomachs 

contained foo d .  

Percentage Frequency o f  Occurrence 

Fish Species Nf Ne Ann Bra Cep Cru Mol Oth Pen Sto Tel 

A centrogobius ca ninus 19 10 17 8 29 17 2 1  8 

A m bass is nalua 40 30 6 18 41  18 16 

A mbassis vacbellii 74 54 13 1 63 1 22 1 

A m n iata ba caudavittatus 16 10 18 6 41  3 18 9 6 

A nodontostoma chacu.nda 46 3 100 

Apogon ruppelli 1 2 1  30 1 1  1 84 2 1 

A rius pro:>..:imus 2 57 103 9 17 30 4 1 1  1 1  7 12 

Buti.s butis 162 74 5 82 1 2 6 4 

Carcbarhinus crmtus 18 3 3 10 7 7 10 17 47 

Centrogenys vaigiensis 92 29 19 9 57 2 1 1  2 

Cbelonodon patoca 10 1 12  24  36  28 

Cymbacephalus nematopbtba !m us 23 8 17 14 6 33 31 

Drombus pa lackyi 20 6 8 4 32 40 12  4 

Eteutberonema tetm dactylum 54 8 1 3 2 2 2 1 30 10 48 

Epinepbetus su i!lus 63 52  1 7 58 1 1 16 1 5  

Favon igob iz ts me!rmobra ncbus 17 30 4 52 4 35 4 

Gen-es a bfJreviatus 23 19 34 9 20 26 1 1  

Gerres juvenile 36 1 14  14  69 7 10 

Gerres oyena 5 5  49 46 9 3 1  14 

Gnatbanodon speciosus 24 34 5 34 5 8 23 2 23 

Herk!otsicbthys !ippa 49 12  60 34 3 4 

Leiognmbus decoms 60 7 2 5  1 47 15 13 

Leiognatbus equulus 92 28 32 42 6 19 

Leiog nathus sp!endens 60 20 27 1 50 4 17 1 

Letbrinus lentjans 19 56 16 40 4 32 8 

Lutjanus ntsse!li 78 16 7 3 52 6 2 1  1 1  

Monoca ntb us cb inensis 2 1  72 6 18 27 48 

Nematolosa come 34 4 100 

Pe!ates quadrilineatus 137 1 1 1  9 1 46 4 39 1 1 
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Pelates sexlineatus 43 

Platycepbalus indicus 17 

Rb izoprionodon a cutus 62 

Sardinella athelia 20 

Scom beroides com merson ia n us 231 

Secutor ruconius 14 

Siga nus ca naliculatus 25  

Sillago lutea 12  

Stolepborus cmpentariae 10 

Terapon puta 321  

Tbryssa ba m iltoni  28 

5 

23 

10 

41 

4 

1 5  

2 

1 
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6 2 

1 

1 2  

28  17 

8 

160 1 2  1 

14 25  

2 2 87 

19 5 19 

1 7 2 1 27 20 

42 4 42 

1 5 6 2 33 

100 

100 

1 1  17 6 1 1  

77 1 5  

5 1  3 29 2 

42 2 5  

Nf, Nu mber of stoma chs containing food; Ne , Number o f  empty stomachs; Ann, Annelida; Bra, 

Brachyu r a ;  Cep,  Cephalopoda; Cru, Crustacea; Mol, Mollusca; Oth ,  Other; Pen, Penaeidae; Sto,  

Stomatopoda ; Tel , Teleostei 

60 

57 

40 

53 

1 1  

3 

8 
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Table 5 . 7 . 2 .  Percentage contribution b y  d ry  weight o f  prey items i n  the stomach contents o f  fish from 

inte rtid a l  seagrass beds in the Embley River. This only includes those species of fish in which 10 or 

more stoma chs contained food.  

Percentage contribution by dry weight 

Fish species length range (m�n Bra Cep Cru Mol Oth Pen Sto Tel 

A centrogohius ca ninus 28 - 92 39 . 5  13 . 1 19 . 4  2 1 . 2  3 .4 3 . 5  

A m bass is na lua 32 - 85 1 . 5  9 .8 16 .7  30 .8  41 .2  

A m bass is vacbe!lii 17 - 48 49 26 . 5 24 0 .5  

A mniata ba caudavittatus 7 1 - 170 23 .9  5 .6  33 .6  0 . 2 19 .2  9 8.5  

A nodontostoma cbacu nda 63 - 82 100 

Apogon ruppelli 1 5 - 63 5 . 5  0 . 1 83 10 .7  0 .7 

A rius pro.ximu.s 1 10 - 665 3 8  45 .9  17 . 1  1 7 3.2 10 .9 1 1 . 3  

Butis butis 16 - 76 1 . 5  60 .8  0 . 1 2 . 3  26 .7 8.7 

Carcbarb inus cau tus 418 - 1300 0 .4 0 . 1 0 . 5  0 . 2  0 .3  2 . 5  96 

Centrogenys va igiensis 14 - 70 12 . 6  18 .7  55 . 2  0 . 2  1 1 . 5  1 .9 

Cbe!onodon patoca 17 - 54 66 .4  2 .4  27 4 . 2  

Cymhacepba!us nematopbtbalmus 69 - 257 13  6 .7  0 . 1  25 .7  54 .4 

Dromhus palackyi 20 - 37 5 .6  4. 5 2 5 .4  42 .4  7 .5 14 .6 

Eleutberonenta tetradactylum 290 - 465 0 .7  2 . 2  ' 0 .4  0 . 2  "0 . 5 17 .9 5 .2 72 .8 

Epinepbelus su i!lus 18 - 270 0 . 1 2 1 . 2  37 .9 15 .4 25 . 3  

Favonigobius melanobra ncbu.s 17 - 29 8. 5 44 . 2  1 . 6  40 . 4  5 .3 

Gen-es a bbreviatu.s 44 - 195 1 .8  23 . 3  0 . 2  74.6 0 . 1  

Gen-es juvenile 13 - 36 26 . 5  64.7 2 . 6  6 . 3  

Gen-es oyena 40 - 77 73 . 3  0 . 1 23 .4  3 .2 

Gnatba nodon speciosus 230 - 360 8 .3  87 . 1  0 .2  1 . 5 2 0 . 1  0 .7 

Herklotsicbtbys lippa 46 - 65 89. 3  9 .3 0. 1 1 .3 

Leiognatbus decants 2 1 - 73 38.8 0 . 2  52 . 8  7 .3 1 

Leiog natbus equulus 32 - 58 46 .8 28 .5  2 .2  22 .6 

Leiognatbus sp!endens 2 1 - 58 3 1 . 2 0 . 1 66.3 0. 5 1 .8 0 . 1 

Letbrinus lentja n  14 - 90 17 .9 43 .3 17 . 5 10 .6  10 .8 

Lutja nus msse!li 17 - 140 0 .4  0 . 2  22 . 9  1 . 1  23 52 . 5  
• 

Monoca ntbus cb inensis 12 - 87 1 . 2  1 .6 37 . 1  60 

Nematolosa come 41 - 180 100 
Pelates quadlilineatus 1 5 - 180 0.5 0 . 1 1 . 5  1 . 7  96 .2  0 . 1 

Pelates se.xlineatus 27 - 140 1 . 2  0.7 0.3 97 .7  
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Platycepbalus indicus 12 1 - 4 10 

62 

3 . 1 08 96 

Rb izoprionodon acutus 418 - 687 0 . 2 2 . 4  3 . 1  0 .4  0 . 1  10 .5  16 . 1 67 .3  

Sardine/la a lhella 52 - 60 16 .2  48.4 35 .4  

Scomheroides commersonia n us 105 - 880 0 .2  0 .4  0 .6  0 .3  18.9 

Secutor n.tconius 2 5 - 32 100 

Siga nus ca na liculatus 23 - 44 100 

Sillago lutea 82 - 2 10 5 . 5  7 .3  50 .4  0 .3 3 3  2 1 . 4  

Sto!epborus carpentariae 37 - 46 1 . 2  98. 4  0 . 4  

Terapon puta 14 - 142 15 .7  2 . 2  32 . 7 2 .6  1 5 . 5  5 2  
Tbryssa ba m i!ton i  85 - 175 3 1 . 1  1 1 .7 34 .6 

Ann, Anneli d a ;  B ra ,  B rachyura; Cep, Cephalopoda; Cru, Crustacea; Mol, Mollusca; Oth, Other; Pen, 

Penaeicl a e ;  Sro ,  Sromatopoda; Tel ,  Teleostei 

79. 5  

1 2  

26 

2 2 . 5  
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Table 5 . 7 . 3 . Penaeus sewtisulcatus. Mean density (per 1 00 m2) of postlarvae and 

juveniles , nu mbers found in fish guts , total Prawn Predation Indices (PPI) and 

morta l i ty ind ices at sites in the Embley River during the pre-wet and early dry seasons 

1 993/94. Other methods = beach seine and beam trawl. 

Sg1 Sg2 

pre wet early dry pre wet early dry 
mean density (per 1 00 m2) 585 ± 1 08 .9  1 68 ± 1 3 . 9  304 ± 77. 3 2 1  ± 9.6 

number i n  guts 1 29 62 92 6 

PPigi ! l  nets/1 , 000 , 000 1 6 . 7  1 7 . 0  65 . 8  6 .6 

PP lather methods/1 0 1 2 . 9 29. 3 5 .6 6 . 3  

Morta lity index -0 . 54 -0 .47 · '-0 .46 -0 . 19 
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Table 5 . 7 . 4 .  Mea n density (± 1 SE) of prawns and 'prawn-like' animals (<30 mm total 
length) ca ugh t  in  a series of 1 0  drop traps at SG1 on 1 6/1 0/94. 

Species 

Penaeus esculentus 

Penaeus semisulcatus 

unidentified tiger prawn 

stoma topod 

Metapenaeus endeavouri 

mysid 

tana eid 

.Metapenaeus spp. 

sergestid 

isopod 

a lphaeid 

a mph ipod 

ea rid 

mean density (no/m2) 

0 . 3 ± 0 . 2 1  

0 . 3  ± 0 . 2 1  

0 . 5  ± 0 . 24 

1 .4 ± 0 . 75 

1 .6 ± 0 . 5 2  

1 .6 ± 0 .47 

2 . 0  ± 0 .47 

3 .6  ± 0 .9  

3 . 6  ± 0 . 7  

4 . 8  ± 1 . 2  

5 . 6  ± 1 . 85 

1 1 .9 ± 2 . 57 

59.8 ± 7.63 
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Figure 5 . 7 . 1 Map of the Embley River showing seagrass sites (SGl and SG2) used for 

sampling tiger prawns and fish 

65 
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Pela tes quadrilineatus 

Caranx bucculentus 

Pla tycephalus indicus 

A mn ia taba cauda vitta 

Carcharhinus cautus 

Nibea microgen 

Elops machnata 

Gnathanodon ::;pt1clcJ::;u 

Absa!om 

Scomberoides commersonia 

0 
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a. 

1 0 0 0 0 0  2 0 0 0 0 0  

P rawn P redatio n  I n dex 

Pela tes quadrilineatus 
Sillago lutea 

Pseudorhombus arsius 
P!a tycephalus indicus b.  

Strongy/ura strongy/u 
Apogon ruppel/i 

Cen trogenys va igi . .  ..., ,
·
.--

A rius proximus ---
T era pan puta 

L utjan us russel/i 
Butis butis 

Epin ephelus sui/Ius 
A m n ia taba cauda vitta tu 

Cymbacepha/us n ematophthalm 
Ambassis 

Sil!ago ana/is 
Thryssa h ami!toni 

0 . 0  0 . 5  1 . 0 1 . 5 

3 0 0 0 0 0  

2 . 0  

P rawn P redat ion  I n dex 

Figure 5 .  7. 2 .  Prawn Preda tion Indices for (a) fish caught in  the gill nets 
a nd (b) beam trawl a nd beach seine on seagrass beds in the Embley River. 
Fish species l isted a re those in which a t  least 10 stoma chs contained 
foo d .  
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Figure 5 . 7 . 3 .  Penaeus semisulcatus. Length frequency of· 

postla rvae and juveniles (a) caught in beam trawls a nd (b) found 
in guts of predatory fish caught in g ill  nets, beam trawl and beach 
seine a t  SG1 and SG2 during October 1 993 and April 1 994. 

67 



FRDC 92/45 : 5 . 7  P redat ion on  t iger prawns May 1 996 

(f) -
::::::1 
0> 

..c 
(f) 

-
c 
"-
Q) ..0 
E 
::::::1 c 
ro -0 -

1 5 0 

1 0 0 

5 0  

0 
0 

S G 1 
• 

S G 2  e a r ly d ry 
• 

1 0 0 2 0 0  

SG 1 p re-wet 

S G 2  p re-wet 
• 

ea r ly d ry 

3 0 0  4 0 0  5 0 0  

m ean n u mber  o n  seag rass beds 

• 

6 0 0  

Figure 5 .7 .4. Penaeus semisulcatus. Mean number on the seagrass beds (SG l and 
versus the total number found in fish guts during the pre-wet and early dry seasons. 
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6. Utilisation of mangrove habitats by juvenile banana prawns and fish 

Introduction 

69 

Mangrove forests are considered to be important nursery areas for prawns and fish, 

including ma ny species of commercial importance. However, in many countries, 

including Austra lia , they are under increasing pressure from housing, aquaculture, 

tourism and mining developments . In the Gulf of Carpentaria , infrastructure associated 

with mining ventures has the potential to impact on mangrove areas, and it is likely 

that the number of coastal developments across the NPF will increase in the future. It 

is critical for the future management of these forests that we understand more clearly 

the relationships between prawns, fish and mangroves and exactly why mangroves are 

important to them. 

We have known for many years that juvenile banana prawns are associated with 

mangrove-lined river systems; in fact, we have found that parts of the Gulf of 
Carpentaria tha t  have the most mangrove-lined river systems also support the largest 

catches of adult banana prawns offshore. However, the relationship between 

mangroves,  juvenile prawns and offshore catches is not very clear-cut. In this project, 

we aimed to identify the most important mangrove habitat types for juvenile banana 

prawns . The specific questions we asked were: 

• how much of the mangrove forests do juvenile prawns use? 

• a re a ll mangrove species equally important to the juvenile prawns? 

Full deta ils of the sampling and results of the first year's work have been accepted for 

publica tion (see Vance et a l .  1 996, in press) . 

Methods 

We used a s ta ke net to determine the distribution of prawns and fish within the 

mangrove forests .  This involves waiting until the prawns and fish have moved into the 

mangrove forests at high tide, then completely endosing a section of the mangroves 

with the sta ke net ,  wa i ting until the tide goes out, and then collecting a ll the animals 

that a re tra pped by the net. This sampling has been done at the fringe of mangrove 

forests before but nobody in the world has ever sampled discrete areas inside 

mangrove forests .  
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The sta ke net used to enclose each site was 1 00 m long by 2 m high. The mesh was 

sma l l  enough (2 mm) to catch most Penaeus merguiensis from the time they arrive in 

the estuary as postl a rvae (1 to 2 mm carapace length), as well as small fish. Galvanised 

cha in (8 mm dia meter) was inserted in a hem along the base of the net. A codend with 

mouth opening of 1 . 0  m by 0 . 5  m ( 2 and 1 mm mesh) was fitted to one section of the 

net to concentrate trapped animals. For all samples the stake net was set as dose as 

possible to high tide using a small dinghy. 

Prepa ring each site for sta ke netting was very time consuming. A pathway, up to 1 . 5  m 

wide , had to be cut through the mangroves to a llow the net to be set from a small 

dinghy. Prop roots , peg roots and small seedlings were cut off at ground level so that 

the bottom of the stake net would sit closely on the substrate and some large trees had 

to be removed to a llow access to the forest. 

There are three ma in  mangrove communities in the Weipa a rea, characterised by their 

dominant species :  the red mangrove, Rhizophora stylosa, the yellow mangrove, 

Cen:ops taga! va r australia and the white mangrove, Avicennia marina var 

euca!ypt!folia , a l though severa l other species occur in each community (Long et al. 

1 992) .  The s tructure of each of these mangroves is very different. Red mangroves 

have prop roots that a re often so dense tha t  it is not possible to put a foot on the 

ground, whereas yel low and white mangrove forests are much more open and it is 

usua lly poss ib le  to wal k  freely through these mangroves.  The white mangroves have 

many small peg roots up to several cm high that  provide a large quantity of structure 

close to the grou nd. We sampled a ll three of these communities in a smal l  creek about 

1 7  km upstream from the mouth of the Embley River at Weipa .  

Results and Discussion 

In the first yea r of the project (November 1 992) we sampled at three sites, in two of the 

mangrove communities, the red (Rhizophora A and B) and yellow (Ceriops A) 
mangroves (Fig . 6 . 1 ) .  We found that juvenile banana prawns moved substantial 

dista nces into the ma ngroves (at least 43 m) at high tide. Also, there were no 

significa nt  di fferences between catches of juvenile banana prawns at the three sites 

(Fig. 6 .2 ) .  I n  other words the prawns showed similar preference for both types of 

ma ngrove forests ,  despite their very different structures . 
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The distribution of fish was quite different from the prawns . More fish and more fish 

species were caught  at the mangrove fringe than at the most inland site . Also, fish at 

the fringe s i te were l a rger a nd heavier than fish caught at the inner site (Fig. 6 . 3) .  

Virtua lly a l l  the l a rger predatory fish such as barramundi, catfish, flathead and trevally 

were caught only at the mangrove fringe.  

In March 1 993 we sampled more extensively in Rhizophora forest close to the creek

ma ngrove fringe (Rhizopbora A, B and C) (Fig. 6 . 1) and found that  the densities of 

juvenile ba nana prawns a t  each site in the mangroves were negatively correlated with 

the maximum tide  height recorded for each sample (R2=0 .79 ,  p=0 . 003 ,  n=8) (Fig. 6 .4) . 

The correla t ion was significant for all s izes of prawns caught. This suggests that the 

prawns were moving further into the mangrove forest from the creek fringe as the tide 

height increased.  However, they were not just following the water's edge into the 

mangroves ,  a s  prawns were still caught at the creek mangrove fringe when the water 

had inundated the in land mangrove fringe .  Juvenile P. nwrguiensis appear, therefore,  

to use a l a rge part of the mangrove forest. 

In the second a nd third yea r  of the project, the number of sites was increased and in 

1 994/1 995 ,  we sampled four sites in Rhizophora (A, C, D, E) , two in Ceriops (A, B)and 

two in  A vicennia (A, B) forest (Fig. 6 . 1) .  The results of this sampling showed that 

juveni le  ba na na prawns were widespread throughout the mangrove forest and 

confirmed our earlier conclusion that the prawns had no preference for particular 

ma ngrove types .  Ca tches at  the Ceriops B site were very similar to catches at the 

Avicennia B s i te ,  only about 30 m away. 

However, the juvenile banana prawns did not seem to use all parts of the forest 

equal ly; ca tches of prawns at  Ceriops A on the western or downstream side of the 

mangrove forest were consistently much higher than catches of prawns at Ceriops B on 

the eastern or upstream side of the forest (on average, over six times as high) . We 
believe that  th is  distribu tion is a related to the position at which prawns first enter the 

mangrove forest a nd loca l water current patterns within the mangroves .  By  setting 

sma l l  tra p nets at the creek mangrove fringe we found that nearly a ll prawns entered 

the ma ngrove forest through the low-lying Rhizophora rather than the more elevated 

Cen:ops forest .  Further work is needed to more clearly understand these local patterns 

of mangrove use .  
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Conclusions 

May 1 996 

• We fou nd tha t  the smal l  prawns and fish use large areas of the mangrove forests 

when they are inundated at  high tide . 

• The prawns a nd sma ll fish probably gain some protection from predation by the 

la rger fish  by moving well into the mangroves . 

• Juveni le ba nana  prawns had no preference for particular mangrove types. 

• The importa nce of particular areas of mangroves to juvenile prawns probably 

depends more on local topography and water currents than on the type of 
mangrove. 
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