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In m ost m ultispecies fisheries th ere  is considerable uncertain ty  in selection o f an 
app ro p ria te  m odel to  rep resen t the  dynam ics o f the  resource. M any m odel structures 
and /o r p aram eteriza tions m ay be  consistent w ith ecological princip les and the  avail­
able da ta . T hese m odels m ay have very d ifferen t m anagem ent im plications, bu t may 
be im possible to distinguish by p rocess-orien ted  research  at reasonab le cost and on a 
tim e fram e of relevance to  m anagem ent. In som e circum stances an adaptive experi­
m ental m anagem ent regim e can be  econom ically beneficial by allow ing em pirical 
learn ing abo u t resource dynam ics and d iscrim ination betw een  alternative m odels. 
H ow ever, in any particu lar situation  it m ust be d eterm ined  w hether an experim ental 
regim e is econom ically viable, and which m anagem ent actions and  research  obse r­
vations should  be included in the  regim e. T he developm ent and application  o f an 
experim ental m anagem ent regim e for the  fisheries opera ting  on a trop ical fish 
com m unity in northw estern  A ustra lia  are  described . T h e  h istory  o f  exploita tion  is 
sum m arized and a num ber o f  sim ple m odels are suggested which can m im ic past 
changes observed in fish com m unity com position. T hese m odels include interspecific, 
intraspecific, and hab ita t m odification m echanism s. Possible socio-econom ic re ­
sponses of the  fishing industry to  changes in th e  resource sta te  are  im p o rtan t to 
evaluation  o f  a  p rospective fishing regim e, and these are  also m odelled . T h e  m odels 
are  used  to  evaluate  options fo r m anagem ent o f com peting  trap  and traw l fisheries on 
the N orthw est Shelf. It was found th a t if an experim ental m anagem ent regim e w ere 
adop ted  fo r abou t 5-15 years (during which tim e key uncertain ties in the  resource 
dynam ics and socio-econom ic responses could be resolved) a larger expected  value 
could be ob ta in ed  from  the  resource than  if the  existing m anagem ent regim e w ere 
continued. Som e experim ental m anagem ent regim es also prov ided  a  g rea te r expected  
value than  would be ob ta ined  from  im m ediate application  of the m anagem ent regim e 
th a t is optim al fo r any of the individual resource m odels. E xperim ental m anagem ent 
periods o f less than  abo u t 5 y d id n o t allow sufficient reso lu tion  o f uncerta in ties to  be 
w orthw hile, and periods o f longer than  about 15 y o ften  resu lted  in the  costs o f 
ob tain ing  th e  additional resolu tion  exceeding the  value o f the  expected  im provem ent 
in re tu rn s from  the  resource.

Keith Sainsbury: C SIR O , M arine Laboratory, D ivision o f  Fisheries Research, Castray 
Esplanade, G .P .O . B o x  1538, H obart, Tasm ania 7001, Australia.

M anaging the species com position of a fish com m unity is 
fundam ental to m anagem ent of a m ultispecies fishery 
because species com position broadly determ ines the 
types of fishing industry tha t are possible and usually 
determ ines the gross econom ic value of the catch. H ow ­
ever, the dynamics of m arine com m unities are very 
poorly understood. T here is little agreem ent even about 
the general class of m echanism s that drives com m unity 
dynamics (e.g . D iam ond and Case, 1986; Sainsbury, 
1988), and in the available data  m ean it is often  im poss­
ible to  assess the validity of inferences draw n about these 
mechanism s (Schaffer, 1981; G ardner et a l., 1982; Sugi- 
hara  et al., 1984). Typically, ecological theory  can be

used to derive a num ber of different hypotheses about 
mechanism s and dynamics tha t are all consistent with 
the observations of an exploited com m unity. T he avail­
able data  usually cannot support objective discrim ina­
tion betw een the com peting hypotheses because of con­
founding am ong supposed control variables (e.g. fishing 
patterns, technological developm ents, species abund­
ances, and environm ental variables), the aggregation of 
space, tim e, and species in m ost fisheries da ta , and the 
absence of som e species from  the observations. These 
problem s occur in m ost fisheries bu t are particularly  
severe in tropical regions, w here the harvested  com m u­
nities are very diverse and fishery data  sets are  often
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incom plete and contain highly aggregated data. Indeed , 
the p rofound lack of scientific understanding of the 
m echanism s controlling com m unity structure and dy­
nam ics is perhaps best illustrated by the absence of a 
w idely accepted explanation  for one of the m ost obvious 
ecological features on earth : the latitudinal gradient in 
species diversity (see Stevens, 1989, for a recent review), 
o f which the high species diversity o f tropical fish com ­
m unities is a part.

The lack of a widely accepted scientific theory  of 
com m unity dynam ics and structure has two im portant 
im plications for fishery m anagem ent aim ed at con tro l­
ling the species com position of a harvested comm unity:

(i) A  priori it is no t at all clear to  w hat extent the species 
com position of a harvested  com m unity can be con­
tro lled  by fishery m anagem ent. A ssum ptions about 
“contro llability” are obviously the basis for any 
m anagem ent action (o r lack th e reo f), bu t the value 
of resolving uncertain ty  in these assum ptions is little 
considered.

(ii) M anagem ent decisions concerning com m unity 
structure will be, and have been , m ade on the basis 
of assum ptions tha t would not be widely accepted by 
the scientific com m unity o f ecologists because there  
is no widely accepted scientific theory  of com m unity 
dynamics. This w eak scientific basis for m anage­
m ent decision-m aking provides am ple oppo rtun it­
ies for criticism of any decision by opponents of that 
decision. Furtherm ore , it is very unlikely that 
process-oriented  scientific research will provide 
clear answers to  the questions of com m unity dy­
nam ics on a tim e fram e tha t is relevant to most 
m anagem ent decisions and at reasonable cost (if at 
all). This is a serious dilem m a for m anagem ent 
agencies whose decisions are open to  public scru­
tiny, and is probably a m ajor reason why m anage­
m ent of the species com position of exploited com ­
m unities is usually not m ade an explicit 
m anagem ent aim . Instead , m anagem ent objectives 
are usually focused prim arily on single species and 
the econom ic perform ance of individual fisheries, 
and com m unity com position is left to  em erge 
“naturally” from  the decisions based on these 
reasonably tractab le  considerations.

A  notab le  exception to this focus o f m anagem ent is 
provided by the Com m ission for the C onservation of 
A ntarctic M arine Living R esources (C C A M L R ), which 
has am ong its aims the “m aintenance of the ecological 
relationships betw een harvested , dependen t and related 
populations” and “prevention of changes in the m arine 
ecosystem  which are no t potentially  reversib le” . H ow ­
ever, these objectives have no t resulted  in m anagem ent 
actions aim ed at achieving a specified ecological com ­
m unity or a specified aspect of com m unity dynamics. 
R a ther, m anagem ent actions have been  based on single­

species considerations and the few discussions of pos­
sible actions to m eet the com m unity level aims have 
simply highlighted the difficulties o f reaching defensible 
m anagem ent decisions w hen there  is a high level of 
uncertain ty  in scientific understanding of resource dy­
namics (e.g. see C C A M L R  1989, pp. 41-45).

This paper describes an attem pt to m anage the species 
com position of an exploited fish com m unity on the 
N orthw est Shelf of tropical A ustralia , and particularly 
the way in which uncertain ty  was incorporated  into the 
scientific evaluation  of prospective m anagem ent 
actions. T he fish com m unity has highly uncertain  dy­
namics, and the socio-econom ic response of the fishing 
industry to  changes in the fish com m unity com position is 
also very uncertain. This paper provides the basis for 
scientific m anagem ent advice given for the N orthw est 
Shelf fisheries in 1985 and describes som e of the sub­
sequent m anagem ent changes. Scientific advice to m an­
agem ent was based on an experim ental o r actively 
adaptive approach (e.g . Bar-Shalom  and Tse, 1976; 
W alters and H ilborn , 1976; W alters, 1986). In this 
approach, m anagem ent actions are explicitly regarded 
as having dual aims: to  provide an econom ic yield and to 
allow em pirical learning about aspects o f the dynamics 
o f the resources th a t will lead  to  im proved achievem ent 
o f m anagem ent aims. Prospective m anagem ent actions 
are evaluated across alternative hypotheses about re ­
source dynamics and m onitoring schedules. The evalu­
ations consider econom ic benefits, the value of dis­
tinguishing betw een the alternative hypotheses in 
leading to im proved m anagem ent decisions, the ability 
to  distinguish betw een the alternative hypotheses on the 
basis of observations m ade under the proposed m anage­
m ent action, and the cost of observations.

T he paper is in three main sections: the first describes 
the ecological and fishery background to the N orthw est 
Shelf resource and the m anagem ent question that 
em erged; the second outlines the m ethod used to  evalu­
ate m anagem ent options; and the th ird  identifies 
a lternative m odels o f resource dynam ics, details the 
evaluation of som e m anagem ent options and describes 
the m anagem ent actions taken. A  simplification of the 
m ethodology is briefly described in Sainsbury (1988), 
but here the original calculations are described. In 
particular, the full set of models is described, details of 
m odel param eter estim ation are  provided, transient 
yields following experim ental m anipulation are included 
in the evaluations, and the econom ic uncertainties are 
trea ted  m ore fully.

1. The Northwest Shelf and its fisheries
1.1. The N orthw est Shelf
T he continental shelf o f northw estern  A ustralia  (be­
tw een longitudes 114°E and 123°E to  a depth  of 200 m, 
Fig. 1) has a substrate consisting m ostly of calcareous
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Figure 1. T he 200-nmi A ustralian  Fishing Z o n e , the  200-m d ep th  con tou r and  the  N orthw est Shelf. T he N orthw est S helf region 
was defined by cluster analysis o f  the  fish species com position recorded  during research-vessel cruises in 1978-1980. T h e  areas 
exploited by trap  and traw l fisheries are also show n.

sands (Jones, 1973; M cLoughlin and Y oung, 1985) with 
calcareous coral reef occurring only in restricted  patches 
in depths less than  about 30 m. The hydrographic regim e 
is tropical (W yrtki, 1961) and highly dynamic. Strong 
sem idiurnal tides and in ternal tide waves cause high 
cu rren t speeds (H ollow ay, 1983a, b) and the vertical 
m ovem ent of isotherm s through 50 m within some days 
(H ollow ay, 1987). The w ater colum n is well mixed 
betw een about M ay and O ctober each year, and the 
annual tem peratu re  range is 21-26°C near the seabed at 
about mid-shelf (e.g. Hollow ay andN ye , 1985). In te ran ­
nual variability of w ater tem pera tu re  and sea-level 
height is strongly influenced by the E l N ino-S ou thern  
O scillation (Bye and G ordon , 1982; Pariw ono et al., 
1986). Biological productivity is high (T ran ter, 1962; 
K abanova, 1968), and the diverse dem ersal fish com ­
m unity, com prising over 600 species, has strong Indo- 
W est Pacific affinities (Sainsbury et al., 1985). The 
N orthw est Shelf supports a characteristic fish fauna 
that is clearly distinguishable from  the tropical fauna to 
the east of 123°E by cluster analysis o f the species 
com position of research vessel catches, and obviously 
different from  the m ore tem perate  fauna of the west 
coast o f A ustralia.

1.2. The fisheries of the N orthw est Shelf
The histories o f the fisheries on the N orthw est Shelf are 
described in Sainsbury (1987). Briefly, they are:

(i) A  Japanese trawl fishery from  1959 to 1963 ta r­
geted  on fish of the genus Lethrinus (tropical em peror) 
and m ostly opera ted  betw een 116°E and 117°30'E (Fig.
2). Lethrinus com prised about half of the catch weight, 
and the catch rate  did no t decline during the period of 
the fishery (Suzuki e ta l., 1964; R obins, 1969). H ow ever, 
there  was a considerable change in the size com position 
of Lethrinus, w ith anim als heavier than  0.6 kg disap­
pearing from  the catch after eight m onths o f fishing 
(Suzuki et al., 1964). This may have been due to  the loss 
o f L. nebulosus from  the catch (Sainsbury, 1987). A  
to tal o f about 7 600 h of traw ling was exerted  during the 
about 3-year du ra tion  of the fishery, for a to ta l catch of 
about 16700 t.

(ii) A  Taiw anese traw l fishery from  1972 to  the p res­
en t takes a wide range o f species. The re tained  catch 
mostly com prises the genera Nemipterus (threadfin 
b ream ), Saurida  (lizard fish), Lutjanus (tropical snap­
per), and Lethrinus  (Liu et al., 1978). T he fishery began 
in in ternational w aters and cam e under A ustralian  juris­
diction in 1979 w ith declaration  of the 200 nmi A u stra ­
lian Fishing Z one. The fishery has opera ted  th roughout 
the N orthw est Shelf betw een depths o f about 30 and 
12 0  m, but effort has been  particularly concentrated  
betw een 115°E and 120°E (Liu et al., 1978). A ll fishing 
vessels are pair traw lers o f 200-500 gross tons and have 
sim ilar fishing pow er (Y eh and Chin, 1982); typically a 
pair o f vessels 0.5 km  apart tow a 30 m headline n e t on 
850 m of wire cable. C odend m esh sizes o f about 45 mm
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Figure 2. T he w estern po rtion  of the  N orthw est Shelf show ing the  200-m dep th  co n to u r, the  coastal baseline o f the  A ustralian  
fishing zone, and fishery inform ation  from  Japanese  com m ercial fishing and R ussian surveys. F or each 30 ' square the  catch rate  
(upper figure) and  num ber o f traw ls (low er figure) ob ta ined  by the Japanese  fishery in 1959-1963 are given (after R obins, 1969); 
about ha lf o f all catches w ere o f Lethrinus. T he areas of high Lethrinus  concen tra tion  identified during  Russian research  surveys in 
1962-1973 (Shuntov, 1979) are also indicated.

w ere com m on until the in troduction  of a 60-mm m ini­
mum m esh size in 1981 (Sainsbury, 1984). A  log-book 
program m e to record  fishing effort and re tained  catch by 
b road  com m ercial category (generally a t the generic 
level o f taxon) was in itiated  by the N ational Taiwan 
U niversity in 1974, and sim ilar records have been 
collected by the A ustralian  F ederal D epartm en t of 
Prim ary Industry since 1979. T here is no inform ation on 
discards. E stim ates o f the catch and effort for 1972 and 
1973 w ere com piled retrospectively by the N ational 
Taiw an U niversity from  the available fishing com pany 
log-books, but these data  are no t considered as reliable 
as those for later years (H . C. L iu, N ational Taiwan

U niversity , pers. com m .). Fishing effort increased 
rapidly to  a peak of about 80000 h of trawling in 1974, 
and subsequently  declined to less than half this value 
(Table 1). M anagem ent o f the pair traw l fishery since 
1979 has been by to tal retained  catch quota  and m ini­
m um  m esh size regulation. B oth w ere calculated from  
com bined analysis o f a non-interacting, dynam ic pool 
m odel for each o f 10 m ajor species groups (Sainsbury, 
1984, 1987).

(iii) A  dom estic A ustralian  trap  fishery began in 
1984, which targets fishes o f the genera Lethrinus 
(m ainly L. nebulosus and occasionally L. choeroryn­
chus), Lutjanus (m ainly L. sebae), together w ith the

T able 1. Fishing effo rt and  re ta in ed  catch (to ta l and  for four im portan t g enera , in tonnes) fo r th e  Taiw anese pairtraw l fishery on 
th e  N orthw est Shelf. D a ta  fo r 1972-1979 w ere ob ta ined  from  annual repo rts o f  th e  N ational T aiw an U niversity  (A n o n ., 1972- 
1979) and  fo r 1980-1985 from  th e  A ustra lian  D ep artm en t o f P rim ary Industries and E nergy  database  o f  fishing o p era tions in the  
A ustra lian  Fishing Z one.

Y ear Effort (h) T ota l catch (T) N em ipterus Saurida Lethrinus Lutjanus

1972 500 272.0 39.2 16.1 29.9 33.5
1973 64545 37 143.0 8377.3 2711 .4 4076.4 3 944.1
1974 79 860 31256.3 7934.7 4276 .4 2653.3 2784 .8
1975 57767 21288.6 5 033.5 3 355.7 2 865.7 2255 .0
1976 46 592 18 929.2 4530.9 3 061.9 1 840.7 805.3
1977 56413 19 080.0 4517.9 3199.4 2000.0 1333.3
1978 40998 14 488.3 3431.5 1951.9 1701.2 1351.3
1979 33 500 10764.0 2168.5 1 937.2 753.6 707.7
1980 36173 12512.6 3663.6 886.3 1707.1 1332.1
1981 30652 10929.2 4007 .9 733.6 1162.0 1057.8
1982 38991 13418.1 3884.4 558.4 1855.1 1886.6
1983 29890 9745.4 3634.4 386.5 1113.8 1137.5
1984 32 743 8899.7 3286.5 525.1 791.9 1372.4
1985 27974 7237.2 2370.8 532.1 725.5 1025.5
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Table 2. T he year, m ean to ta l catch ra te  ( k g h -  ), m ean catch ra te  fo r the  m ain taxa , num ber o f traw ls (N ), and net headline 
length (m ) for nine research  surveys of th e  central N orthw est Shelf (116-119°E). fo r each o f  four taxa the m ean catch ra te  (kg h ~ l ) 
is rep o rted  and the  relative abundance  (percen tage o f the to tal m ean catch ra te) is given in paren theses.

V essel and source Y ear
T ota l 

catch rate N em ipteridae Saurida Lethrinidae Lutjanidae N H eadline

RV  “ O shoro  M aru ” 
A non . (1964) 
M asuda et al. (1964)

1962 206 2.3
(1.1)

11.3
(5.5)

42.6
(20.7)

73.3
(35.6)

15 38.2

R V  “O shoro  M aru” 
A non . (1965) 
M asuda et al. (1964) 
Suzuki et al. (1964)

1963 564 36.6
(6.5)

14.6
(2.6)

91.3
(16.2)

111.7
(19.8)

20 38.2

R V  “N agasaki M aru ” 
A be e ta l. (1967)

1966 316 23.7
(7.5)

31.6
(10.0)

88.1
(27.9)

69.2
(21.9)

14 33.6

R V  “H ai C hing” 
Shu e ta l. (1972)

1972 134 9.9
(7.4)

7.5
(5.6)

33.1
(24.7)

40.6
(30.3)

54 34

R V  “H ai C hing” 
Shu e ta l. (1973)

1973 92 5.8
(6.3)

7.2
(7.8)

21.7
(23.6)

29.1
(31.6)

73 34

R V  “O h D ae San H o ” 
A non . (1980)

1979 235 62.0
(26.4)

19.3
(8.2)

24.6
(10.5)

14.6
(6.2)

24 38.5

R V  “H ai-K ung” 
C hen et al. (1979)

1979 .359 45.6
(12.7)

128.9
(35.9)

24.7
(6.9)

64.3
(17.9)

12 27.5

R V  “Soela” 1/83 
C SIR O  unpubl. da ta

1983 327 40.8
(12.5)

30.1
(9.2)

22.2
(6.8)

37.9
(11.6)

62 25.9

R V  “Soela” 4/83 
C SIR O  unpubl. da ta

1983 250 30.0
(12.0)

34.2
(13.7)

13.5
(5.4)

20.2
(8.1)

70 25.9

serranids Plectropomus maculatus (coral trou t) and E pi­
nephelus m ultinotatus (tropical cod). T he traps are 
baited and opera ted  to depths o f about 80 m and in areas 
tha t have been subjected to  little traw ling (Fig. 1). T here 
is no by-catch of Saurida and an extrem ely small by- 
catch of N em ipterus (M. M oran, D epartm en t of F ish­
eries and W ildlife, W estern A ustralia , pers. com m .). 
T here is in terest in expanding this fishery, but to  date 
fishing effort has been low and the to tal annual catch is 
about 300-500 t.

1.3. Changes in the resource com m unity
T he com position o f the N orthw est Shelf fish com m unity 
since I 9 6 0  can be broadly determ ined  from  the results of 
various research  vessel trawl surveys (Sainsbury, 1987). 
N ine surveys w ere conducted and reported  in a m anner 
tha t provides reasonably consistent inform ation and 
survey coverage o f the central p a rt o f the N orthw est 
Shelf (116-119°E). A ll surveys w ere conducted by 
similar-sized stern traw lers using similar-sized nets, and 
com patible catch records are available at the generic 
level o f taxon for Saurida and at the fam ilial level for 
L utjan idae, L ethrin idae, and N em ipteridae (Table 2).

T otal fish catch rate showed no significant correlation

w ith year of survey (T able 3). H ow ever, both  the L eth ­
rinidae and L utjanidae significantly decreased  in both 
relative and absolute abundance w ith tim e. C onversely, 
both  N em ipteridae and Saurida show a significant in­
crease in relative abundance during the sam e tim e. The

T able 3. S pearm an’s ran k  corre la tion  coefficients (rs) fo r the  
corre la tion  betw een  year o f  observation  and the  research  vessel 
catch d a ta  give in T ab le 2. T he relative catch ra te  is the  catch 
rate  for th a t taxon divided by the  to tal catch rate . T he p ro b ­
ability (p) th a t rs =  0 is given, and values statistically significant 
at a  =  0.05 are m arked  w ith an asterisk.

V ariable rs P

T ota l catch ra te 0.1 0.14
Nem ipteridae

C atch rate 0.55 0.15
R ela tive catch rate 0.73* 0.04

Saurida
C atch rate 0.55 0.15
R ela tive catch rate 0.75* 0.03

Lethrinidae
C atch rate -0 .8 3 * 0.01
R elative catch rate -0 .7 5 * 0.03

Lutjanidae
C atch rate -0 .7 5 * 0.04
R ela tive catch rate -0 .7 3 * 0.04
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nem ipterid  and saurid data  are quite variable and , while 
suggestive o f an increase, neither show a significant 
increase in absolute abundance. H ow ever, m ore 
detailed  data  on the relative abundance of Saurida  since 
1978 shows tha t betw een 1978 and 1983 a sm all-bodied 
species (Saurida  sp2 of Sainsbury et al., 1985) has 
increased in num bers by about two orders of m agnitude 
and a larger bodied species (Saurida undosquam is) has 
increased by about an o rder o f m agnitude (T hresher et 
al., 1986). These changes in the com m unity are also 
supported  by inform ation from  research surveys con­
ducted  by the U SSR  betw een 1962 and 1973. W hile the 
available description of these surveys is insufficiently 
detailed  to  allow their inclusion in the above analysis, 
catches w ere repo rted  to  com prise 47% L ethrin idae, 
12% L utjan idae, and 3% Saurida , w ith no data  being 
available for N em ipteridae (A n o n ., 1978). O verall, 
th en , the fish com m unity has m aintained about the same 
biom ass betw een 1962 and 1983, bu t its com position has 
a ltered  from  initially com prising 40-60%  by weight of 
Lethrinus and Lutjanus com bined and about 10% 
Nem ipterus and Saurida  com bined, to  com prising about 
10% Lethrinus  and Lutjanus and about 25% N em ipterus 
and Saurida.

The dem ersal hab ita t on the N orthw est Shelf also 
changed in the period  betw een these research  surveys. 
M ost o f the pre-1972 research  surveys reported  large 
catches of large epibenthic fauna (m ostly sponges, 
alcyonarians, and gorgonians), particularly  from  the 
area betw een 115°E and 120°E (A n o n ., 1965 ; Shu et a l. , 
1972; Shu et al., 1973), and fishery inspectors observed 
large sponge catches in the early years o f the pair trawl 
fishery (C. O ssel, D epartm en t o f F isheries and W ildlife, 
W estern  A ustralia , pers. com m .). C om parison of the 
sponge catches from  20 trawl hauls in 1963 (A non ., 
1965) w ith those from  40 hauls in 1979 (Sainsbury, 1987) 
shows a significant reduction  in sponge catch rates (Fig.
3). It is presum ed tha t the reduction in epibenthos is due 
to  its incidental rem oval by trawls. A  crude m easure of 
the use fish m ake of the hab ita t provided by the large 
epibenthos com pared w ith the open sand habita t was
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Figure 3. Sponge catch ra tes on the N orthw est Shelf in 1963 
(A n o n ., 1965) and 1979 (Sainsbury, 1987). C atch ra tes differ 
significantly (M ann-W hitney U  =  763, p <  0.01).

obtained  by m ounting a 35 mm cam era on the headline 
of the research trawl and taking photographs of the 
dem ersal hab itat and fish in the path  of each trawl. 
A bou t 80 equally spaced photographs w ere taken  on 
each of 108 random ly located trawls in the central part of 
the N orthw est Shelf (116°E-119°E) in 1983. T he p ho to ­
graphs w ere scored for the presence and absence of large 
epibenthos (> 25  cm along the longest axis) and the main 
genera of fish. From  these data  the probability  of finding 
each fish genus in the presence and in the absence o f the 
large epibenthos hab ita t was calculated (Table 4). This is 
a conservative m ethod  for detecting the pattern  of 
hab ita t usage, because herding of fish by the trawl will 
result in any natural pa ttern  being d isturbed so tha t fish 
are likely to  be observed in habitats w here they would 
not naturally  occur. This conservative bias is expected to 
be particularly  severe in detecting usage of small, re la­
tively isolated patches of hab ita t such as patches of large 
epibenthos. D espite this, how ever, the observations 
show ed tha t Lethrinus and Lutjanus  have a higher p rob­
ability of occurring in the dem ersal hab ita t containing

T able 4. Frequency of occurrence and probability  o f occurrence o f each of four fish genera in the  presence and absence o f large 
(25 cm) ep iben th ic  organism s. T he standard  e rro r  o f each probability  of occurrence is given in paren theses. E stim ates are based on 
photographs taken  a t regu lar intervals from  the trawl head line during 108 random ly located  research  trawl hauls betw een 116°E 
and 119°E in 1983. E ach pho tog raph  includes abo u t 4 m2 o f  sea floor. S tandard  erro rs w ere calculated  assum ing each pho tograph  
provides an indepen d en t observation  o f a binom ial process, and  so may be u nderestim ated .

Fish genus

Large ben thos presen t Large ben thos absent

N um ber o f fram es 
with this genus Probability

N um ber o f fram es 
with this genus Probability

N em ipterus 26 0.022 (0.004) 340 0.047 (0.002)
Saurida 110 0.092 (0.008) 999 0.138 (0.004)
Lethrinus 25 0.021 (0.004) 21 0.003 (0.001)
Lutjanus 9 0.008 (0.006) 22 0.003 (0.001)

T ota l fram es 1199 T ota l fram es 7229
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large epibenthos than  in the hab itat w ithout large epi­
benthos, while Nem ipterus and Saurida have a higher 
probability  o f occurring in the open sand habita t (Table
4). If this hab ita t usage pattern  rem ains constant it is 
clear th a t a lteration  in the p roportion  o f the sea floor 
occupied by large epibenthos w ould cause an alteration  
in the com position of the fish com m unity.

1.4. The m anagem ent issue
In the decade following declaration of the A ustralian 
Fishing Z one m anagem ent o f the pair trawl fishery 
utilized a minim um  mesh size and a to tal catch quota  to 
maximize the yield of the species groups comm only 
re tained  by the pair trawl fleet (Sainsbury, 1984). 
O btain ing the maxim um  to tal catch in a mixed species 
trawl fishery will alm ost always result in overfishing the 
less productive species groups (in this case Lutjanus  and 
Lethrinus) to obtain  good yields of the m ore productive 
species groups (in this case N em ipterus and Saurida). 
This strategy reduces the p roportionate  abundance of 
the less productive species groups. C hanges in relative 
abundance am ong the groups Lutjanus, Lethrinus, and 
Nem ipterus are o f little consequence to the pair trawl 
fishery, because all have sim ilar values on the Taiw anese 
m arket (Liu and Lai, 1980). H ow ever, changes in the 
abundance of these fish groups are very im portan t when 
developm ent of the A ustralian  trap  fishery is con­
sidered.

The dom estic fishery relies heavily on Lethrinus and 
Lutjanus, because N em ipterus has no net value in the 
A ustralian  fishery. C onsequently  the trap  fishery is re ­
stricted to the small areas w here trawling has been  light 
and the desired fish groups are still abundant. The 
historical fish com m unity on the N orthw est Shelf would 
have provided a suitable and large resource for the 
dom estic fishery, but this fish com m unity no longer 
exists. T here is little prospect of significant developm ent 
of the trap  fishery with the present fish com m unity 
com position. Furtherm ore , it is no t certain  tha t social 
and econom ic conditions in this rem ote part o f A ustralia 
w ould allow expansion of the dom estic fishery even if the 
resource had its historical com position, w hereas it is 
known th a t the pair trawl fishery can generate incom e to 
A ustralia  from  the existing resource com m unity.

The aims of m anagem ent include maximizing the 
benefit to A ustralia  from the resource, preferably by 
maximizing the involvem ent of the dom estic fishing 
industry (A non ., 1985). The available data  suggest that 
achieving these aims may require recovery of the species 
com position to  its form er dom inance by Lethrinus  and 
Lutjanus. H ow ever, the poor state of know ledge about 
the ecology and dynamics of the resource m ake predic­
tion of th e  resource’s response to m ajor alterations in the 
m anagem ent regim e highly uncertain. In addition , there 
are substantial uncertain ties associated with the social 
and econom ic factors that determ ine the response of the

fishing industry to any recovery the resource m ay show. 
Q uestions relating to  the m anagem ent o f the com peting 
trap  and trawl fisheries are:

•C a n  the historical com position be recovered?
• I s  it w orth trying to  recover the historical com position 

(i.e . do the rew ards justify the risks and costs)?
•  If recovery is a ttem pted  w hat is an appropriate  strategy 

to  follow?

2. Evaluation of management options
2.1. The general approach

Scientific m anagem ent advice in fisheries usually has an 
implicit assum ption of “certain ty  equivalence” (e.g. 
B ar-Shalom  and T se, 1976). A  scientific group reviews 
the data  and som ehow  selects one m odel structure and 
one param eterization  of tha t m odel that is thought to  be 
scientifically “best” . T he im plications of this one “best” 
m odel/param eterization  are then  exam ined w ith respect 
to the m anagem ent aims, strategies, and tactics d e te r­
m ined by the resource m anagers. T he m anagem ent 
actions considered feasible and desirable are then  
selected by the m anagers and applied to  th e  whole of the 
resource as though this “best” m odel/param eterization  
w ere true. T he selection of the best scientific m odel is 
often  accom panied by lengthy discussion of uncertain ty  
and confidence bounds, but this rarely influences 
the m anagem ent decision-m aking process o r the final 
m anagem ent decision. In  addition to being “certainly 
equ ivalen t” , this approach to m anagem ent is also 
usually “passively adaptive” . It relies upon errors in the 
m anagem ent process o r unplanned  external events to  
provide the contrasts in the contro l variables th a t are 
necessary to identify the im portant processes and allow 
precise estim ation of m odel param eters (W alters and 
H ilborn , 1978). G ood exam ples of this passive adap ta­
tion occurred w hen fishing effort was reduced in the 
N orth  Sea during the two W orld W ars. T he reduction  in 
fishing effort during W orld W ar I dem onstrated  the 
reality o f overfishing, and changes in the yield after 
the reduction  o f effort during W orld W ar II provided 
em pirical support for the m ethod  of yield per recruit 
analysis of grow th overfishing (e.g. B everton and H olt, 
1957; Sm ith, 1988).

U nder some circum stances an approach based on 
passive adap ta tion  and certainty equivalence may p ro ­
vide close to  optim al policies (e.g . W alters and H ilborn , 
1978), but it appears unlikely tha t this is generally the 
case for resources with highly non-linear dynam ics or 
w hen there  is considerable uncertain ty  about the basic 
structure of the appropriate  m odel o f resource dy­
namics. F urtherm ore , such an approach usually treats 
the w hole resource as one unit, so that all of the resource 
is at risk if an e rro r is m ade. Possible contro l variables 
(e.g. population  sizes, tem porally  varying environm en-
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tai variables) are also confounded under this approach. 
C onsequently , fu ture  observations of the resource have 
little pow er to  discrim inate hypotheses o r allow recog­
nition of suboptim al situations.

The prospect o f avoiding the uncertainties in resource 
m anagem ent by identifying the key features o f the 
existing dynamics o f a com plex biological com m unity 
through a process-oriented  research  program m e seems 
rem ote. Even if achieved, it would no t be certain  that 
the identified features w ould rem ain the key factors 
under the novel pertu rbations provided by a changed 
fishing regim e.

From  these considerations it is concluded th a t com ­
m unity level m anagem ent is largely em pirical, even if 
this is not explicitly recognized, and tha t there  is possible 
benefit in trying to increase the efficiency of th a t em piri­
cism while m aintaining revenue from  the resource 
(Sainsbury, 1982, 1988). In particular there  is a need to 
develop a reasoned  em piricism , and avoid blind trial and 
e rro r, by form ally evaluating the perform ance of p ro ­
spective m anagem ent actions across alternative m odels 
while taking explicit account of future learning and the 
identification of policy im provem ents. This approach is 
som etim es called “actively adap tive” (e.g . Bar-Shalom  
and T se, 1976; W alters and H ilborn , 1978; W alters, 
1986) because it includes the possibility o f taking m an­
agem ent action tha t intentionally  increases the contrast 
betw een key variables, so as to perm it identification of 
im portan t processes and therey  increase the precision of 
m odel param eter estim ates.

2.2. A ssessm ent of N orthw est Shelf
2.2.1. Assessm ent m ethod

A fram ew ork for evaluating actively adaptive m anage­
m ent is provided by W alters and H ilborn  (1980) and 
W alters (1986), and a simple version of this m ethod­
ology is applied to the N orthw est Shelf. This evaluation 
exam ines a lim ited num ber of long-term  m anagem ent 
regim es (U k, k =  1 to m) that are regarded as feasible, 
across a series o f a lternative m odels o f the resource ( M j ,  
j =  1 to n). A t p resen t tim e, T , m odels of resource 
dynam ics th a t are consistent with the historical data  are 
identified. T he U k exam ined here are the fixed harvest­
ing regim es tha t are close to optim al for each of the M j.

The expected econom ic value obtained  from im m edi­
ate application of one of the U k regim es is com pared to 
the expected value of first a ttem pting  to  learn m ore 
about the relative credibility o f the alternative hypo­
theses and then  selecting the long-term  m anagem ent 
regim e. It is o f in terest to determ ine w hether o r not 
additional learning is o f econom ic value, and if so w hat 
com bined harvesting and observation  regim e gives the 
g reatest econom ic re tu rn . In the evaluations perform ed 
here , learning is considered to  occur only during a 
“learning period” of duration  t (i.e. the interval T ,T  +  t) 
during which som e trial fishing regim e W  is applied and

various observations of the system are m ade. A fter the 
learning period , at tim e T +  t, the observations are used 
to update  the relative credibility o f each o f the alterna­
tive m odels, and the long-term  regim e that now appears 
m ost app rop ria te  is selected and applied to  the resource. 
T he annual revenue during the learning period , includ­
ing costs of th e  observations, and under the chosen U k is 
calculated. This revenue flow is expressed as a p resent 
value by applying an econom ic discount ra te  to future 
revenues (e.g. C lark , 1976). The expected presen t value 
from  the resource, under both  the learning period 
regim e W  and the U k chosen at tim e T +  t, is calculated 
across all the  m odels using the relative probability  
placed on each m odel at tim e T. These values are used to 
find a com bination  of W  and t tha t results in selection of 
th e  m ost appropria te  U k at T  +  t while also providing an 
acceptable overall econom ic re tu rn  from  the resource.

A n ideal W  regim e w ould allow correct identification 
of each m odel if that m odel w ere true , would provide 
high revenues during the learning period , w ould not 
com prom ise the revenue from  any of the regim es tha t 
might be selected at the end of the learning period , and 
w ould no t involve expensive observations. T he expected 
econom ic re tu rn  from  actively adaptive m anagem ent in 
this context is the result o f “trade-offs” betw een the 
revenue genera ted  during the learning period , the costs 
of observations m ade during the learning period , the 
d iscrim ination betw een models achieved from  the ob­
servations, and the long-term  econom ic value resulting 
from  the achieved m odel discrim ination.

T he first step  is to  assign relative probabilities to each 
of the proposed m odels of resource dynamics. A t tim e T 
all m odels are  consistent with historical observations 
and can be reasonably param eterized w ith the historical 
data  set, and so all m odels are assum ed to  have equal 
probability  at tim e T  (i.e. P r (M¡) =  1/n).

The next step is to  determ ine the relative probabilities 
placed on each m odel after application of the trial policy 
W for the learning period t. The probabilities placed on 
each m odel are updated  on the basis o f the observations 
m ade during this period. F or trial regim e W and m odel 
Mj, data  sets 0 ¡ w are generated  by M onte-C arlo sim u­
lation of the observation  process (i.e . sam pling) and the 
behaviour o f m odel Mj under policy W during the 
interval (T ,T  +  t). T he Oj w are exam ples of the data 
tha t might be available at tim e T  +  t if m odel j is true. 
F or each data  set, the likelihood tha t it was generated  by 
each of the m odels is calculated (i.e. the likelihood, 
L ( O j , w | M j ) ,  w hen m odel M¡ is fitted to observations 
Oj.w)- T he probability  placed at the end of the learning 
period  on m odel Mj w hen m odel Mj is true is then 
calculated from  B ayes’ theorem .

A s used here B ayes’ theorem  provides a m ethod of 
calculating the conditional probability  placed on a 
hypothesis from  an initial sta tem ent of the probability  of 
tha t hypothesis and som e observed outcom es of trials 
(see H ays and W inkler, 1971). F or exam ple, B ayes’ rule
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could be used to  calculate how the probability  placed on 
alternative hypotheses about the bias in a coin w ould 
change as a result of observing a num ber of throw s. Two 
hypotheses are form ulated about the probability  o f a 
coin retu rn ing  a head on being throw n: H t being tha t the 
probability  o f a head  is 0.5 and H 2 being th a t the 
probability  o f a head is 0.8. B ecause m ost coins are fair, 
it is initially thought tha t H , has p robability  0.75 of being 
correct and th a t H 2 has probability  0.25. These are 
know n as the prior probabilities placed on the hypo­
theses. If th ree throw s all re tu rn  heads, then  B ayes’ 
theorem  allows calculation o f the probability  placed on 
each hypothesis conditional on the observed outcom e of 
the throws. The updated  probability  on is

P(H ! true I observations) =

P (H 1)P (observations|H 1 true) 
P (H 1)P (observations|H 1 true) +

+  P (H 2)P (observations|H 2 true)

=  0.75 X 0.53/(0.75 x  0.53 + 0.25 x  0.83)

=  0.423

and similarly the updated  probability  on H 2 is 0.577.
A  slightly d ifferent application of B ayes’ theorem  can 

be used to  calculate the probability  placed on the 
alternative m odels o f resource dynam ics at tim e T +  t, 
given the observations m ade during the learning period 
t, under each possible m odel and trea tm en t o f the 
resource during T. In  this application

P t ( M , ) L ( 0 ¡  w |M ¡ )
P T + t ( M i | W , M j )  =  )'WI —

J  P T ( M k ) L ( O j  w | M k)

k=l

m ade, then  the data  available from  true m odel Mj will be 
in terp re ted  as being due to  m odel M ¡ w ith probability  
PT+t (M i|\V ,M j). This probability  will then  be erro n e­
ously associated w ith the annual value from  the resource 
under U k w hen m odel M ¡ is true. A t T  +  t, perceptions 
of the value of the resource under the alternative long­
term  m anagem ent regim es will be influenced by such 
erro rs, and selection of a m anagem ent regim e at T  +  t 
will be based on an “apparen t value” m ade up of the 
revenue expected from  each m anagem ent regim e when 
applied to  each m odel and the relative probability  
placed on each m odel at tha t tim e. H ere  it is assum ed 
that the resource m anager is risk neu tral (e.g. Lewis, 
1 9 8 2 ,  p. 19 )  and will choose the U k w ith the greatest 
expected value. For m odel M j true  the chosen U k will 
maximize the “apparen t value”

A V n , ( i ; k W . M  ) =  y  P T , t (M ¡ W . M  )  X

i = l

V — 00

x  £  R T + v ( U k ¡ M i)<3>v~ t - 1.

The P T + t ( M i | W , M j )  are random  variables because O j  w 
is influenced by random  processes such as sam pling. A  

m atrix of probabilities, Q T + t ( U k ¡ W , M j ) ,  can then  be 
defined with elem ents giving the probability  o f selecting 
each of the U k at tim e T  +  t when W  is applied and 
m odel M j  is true. Q T + t ( U k | W , M j )  is calculated by using 
repeated  sim ulations of the observation process to  give 
data  sets O j  w , calculation of A V T + t ( U k | W , M j )  for each 
data  set, and sim ulation of the decision process. The 
expected value from  the policy with regim e W  for period 
t across all m odels is then

If W  is perfectly inform ative then P T + t ( M , | W , M j )  =  1 

for i =  j and zero otherw ise, while if W  is totally  uninfor­
m ative then  P T + t ( M j | W , M j )  =  P t ( M ¡ ) .

F or each m odel the presen t econom ic value from  the 
resource under each com bination of learning period 
policy and subsequent long-term  policy can be calcu­
lated. F o r m odel M j, the p resent value of applying policy 
W  during (T ,T  +  t) and then  applying policy U k is

v = t

V ( U k | W , M j )  =  £  R T + v ( W | M j ) $ v  +

v = 0

V = 0 0

+  £  R T+v(U kjMj)<F
v=t+i

w here R T + v ( W | M j )  is the annual net econom ic return  
(including observation costs) from  policy W  applied to 
m odel Mj in year T  +  v, and <F is a discount ra te  factor. 

If at tim e T  +  t the decision to follow a particular U k is

j=n k=m

E [V (W ,t)] =  J  P T ( M j )  £ Q t+í ( U k| W , M j )  x

j= l  k—i

x  V ( U k| W , t , M j ) .

To this stage in the analysis it is assum ed that any W  or 
U k can be successfully applied. In the case o f the 
N orthw est Shelf it is no t at all clear that fisheries and 
m anagem ent regim es o ther than  the existing one are 
viable. The A ustralian  fishing industry never a ttem pted  
to establish fishing operations in the region p rio r to 
developm ent of the foreign trawl fishery, presum ably for 
socio-econom ic reasons; feasibility trials o f A ustralian  
fish trawling soon after declaration of the 2 0 0  nmi fishing 
zone proved to be uneconom ic (A non ., 1980); and the 
trap  fishery is very small and w ould requ ire  a m ajor 
increase in infrastructure to  handle the ten-fold in­
creases in catches im plied by som e of the U k . Indeed , a 
m ajor reason for licensing operation  of a foreign fishery 
on the N orthw est Shelf was the perception  tha t the
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A ustralian  fishing industry could no t economically har­
vest and m arket the available yield in this rem ote and 
sparsely populated  p art of A ustralia.

C onsequently  assessm ent of the fishery options for the 
N orthw est Shelf resource needs to  recognize that 
attem pts to  apply W  and Uk may no t be successful. In 
particu lar, social and unknow n econom ic constraints 
may preven t the dom estic trap  fishery from  expanding 
even if the historical species com position of the resource 
w ere restored . Failure of the trap  fishery to  expand was 
thought to be the m ost likely cause of failure to  achieve a 
sta ted  W  or Uk- O ther causes of failure to  achieve a 
stated  W  or U k are conceivable, such as the inability to 
enforce a trawl closure, bu t in this analysis only fishing 
regim es tha t a ttem pt expansion of the trap  fishery w ere 
considered to  involve the possibility o f failing. If expan­
sion of the trap  fishery is successful then  the target 
fishing m ortality  specified by the W  or U k is achieved, 
and if unsuccessful the catch does no t increase above the 
presently  observed annual catch of 3 0 0 1.

O bservation  of the success o r failure of the dom estic 
fishery to  expand during the learning period will alter 
perceptions o f the possibility tha t the trap  fishery will 
ever develop. These altered  perceptions affect the 
“apparen t value” of each Uk, and so will influence 
how long the opportun ity  to expand is m ade avail­
able to  a fishery th a t shows no sign o f expansion. If 
foreign access fees are foregone in providing the oppo r­
tunity  for the trap  fishery to  expand, then  the success 
o r failure o f the trap  fishery to  expand will also affect 
the econom ic re tu rn  from  the resource. W hile the 
course of developm ent of the trap  fishery could be 
exam ined using a detailed  econom ic m odel o f fishery 
developm ent, a simple ad hoc  m ethod  was adopted  
here . T he econom ic values obtained  from  success 
o r failure of the regim es attem pted  are rep resen ted  by 
the subscripts -I- for success and — for failure. So if 
bo th  U k and W  fail, then  the econom ic value obtained  
is rep resen ted  by V ( _ U k | - W , M j ) ,  while the value of 
successful application of both  U k and W is rep resen ted  
by V ( + U k | + W , M j ) .

T hree probabilities m ust be specified to allow incorp­
o ra tion  o f this ad hoc  trea tm en t of the socio-econom ic 
responses into the assessm ent o f (W ,t).

(i) ST, the probability  tha t the trap  fishery can expand.
(ii) St',  the probability  tha t a trap  fishery will have 

shown evidence of expansion by t years, given that 
expansion is possible.

(iii) S", the probability  that a m anager who observes t 
years of non-expansion of the trap  fishery places on 
tha t fishery ever expanding.

ST and S,' determ ine the probabilities of the various 
outcom es of applying W  then  applying U k ; the p rob­
ability o f +W followed by + U k is STS,' ; the probability o f 
-W  followed by + U k is ST(1 — St') ; and the probability

of _W  followed by _ U k is (1 — ST). It is considered that 
+W  follow ed by _U k (which corresponds to  successful 
expansion during the learning period then  failure to 
expand after the learning period) cannot happen. G u id ­
ance on appropriate  values for ST and St' could perhaps 
be ob tained  from  detailed  econom ic analysis o f the 
fishing industry. H ow ever, these probabilities are the 
result o f num erous m icro-econom ic and social decisions 
by com panies and individuals, and it is notoriously 
difficult to  determ ine such quantities. H ere  it is assum ed 
that ST =  0.5, giving developm ent and failure an equal 
chance, and S,' =  1 — 4»1 w ith i|r =  0.7, because it seems 
reasonable to  assum e that signs of expansion w ould be 
about 80% probable to  occur after 5 years if they are 
ever to occur. T here is no necessary connection betw een 
S" and the real chance of ultim ate expansion of the trap  
fishery, because S" relates to  m anagem ent perceptions 
ra ther than  fact. H ow ever, it is assum ed here tha t the 
m anager has know ledge th a t is consistent with the p ro ­
cesses actually occurring, so tha t S" is the conditional 
probability  tha t expansion will ultim ately occur given 
that t years of non-expansion have been observed, i.e. 
S" =  ST(1 — St')/(1 — STSt') . Even in the highly simpli­
fied decision-m aking process considered here , the 
m anager’s perceptions have a m ajor influence on the 
decisions m ade, and it is interesting to note that ir­
rational perceptions (i.e . those tha t are no t based on 
evidence and tha t favour o r discount certain  outcom es) 
can give g reater value from  the resource than  rationally 
based perceptions if the irrational perceptions are cor­
rect bu t can give a m uch low er value if wrong. It is 
difficult to  im prove on a lucky guess based on a correct 
but irrational bias.

W ith these additional considerations, the “apparen t 
value” of applying U k at tim e T  +  t, on which the 
m anager bases policy selection, is

A V T + t ( U k | + W , M j )  =
i=n

Y  PT+t(M i|+W ,M j)V (+U k|+W ,M i)
i=i

for calculation o f Q T + t ( U k | + W , M j )  after observation of 
successful expansion of the trap  fishery during the learn ­
ing period, and

i=n

A V T + t ( U k | _ W , M j )  =  £  P T + t ( M i| _ W , M j)

¡=1

[S"V(+Uk|-W ,M ¡) +  (1 -  S ;')V (_U k|_W ,M ¡)]

for calculation of Q T + t ( U k | - W , M j )  after observation of 
no expansion o f the trap  fishery during the learning 
period . C onsequently , the overall expected value o f W 
for tim e t is
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J ”

E[V(W,t)] = £  PTÎMj) x
i=i

rk=m

I
Lk=l

St'QT+t(U kl+W ,M j)V (+U k|+W ,M i) +

+  (1 -  S1') O r+ t(U k|-W ,M j)V (+U k|_W ,M j)

k=m

+ ( 1 - S T) J  Q T+t(U k|_W ,M j)V (_U k|_W ,M j)
k= 1

It is often  useful to calculate the expected value of 
perfect inform ation (E V PI, see H ays and W inkler, 
1971; W alters, 1986) to indicate the upper bound  on the 
m anagem ent value of distinguishing the alternative re ­
source m odels and to  gauge the absolute perform ance of 
a particular learning period regim e. The expected value 
of perfect resource inform ation from  W  applied for tim e 
t is

j=n

E V PI =  J  Px (M j).{STSt'V (+-U |)j|+W ,M j) +
j=i

+  ST(1 -  St')V.(+U k*f|_W ,M j) +

+  (1 -  S r )V (_ U tf |_ W ,M j)}

w here U f t  is the U k that gives maximum 
V (+U k|+W ,M j) and U k * is the U k that gives maximum 
Si'V(+U k|_W ,M j) +  (1 -  S O V Í-Ü kl^W .M j). This is 
the expected value if W perfectly discrim inated the 
resource m odels after t years. The E V P I from  resolution 
of the uncertainties in both  the resource dynamics and 
the expansion of the trap  fishery is given by the above 
expression evaluated with Si =  1.0 and S" =  0.0.

2.2.2. M odels o f  the N orthw est S h e lf fish resource

Four m odels o f the dynamics of the four m ain species 
groups com prising the N orthw est Shelf resource w ere 
exam ined, each m odel reflecting a d ifferent in te rp re ­
tation  o f the available data . The m odels are very simple 
because the data do not perm it estim ation of many 
param eters. M odel param eters w ere obtained  for each 
m odel by separately exam ining the likelihood surface 
for the two sets o f data  available, the research  vessel 
catch rates and the com m ercial catch and effort (Tables 
1 and 2). E ach m odel was expressed in difference 
equation  form  for biom ass (BT) and fishing effort (E T) at 
tim e T,

B t + i =  B x ( f ( B x ) — qfE x),

with the predicted  com m ercial catch (Cx) being

w here q f is the catchability coefficient for com m ercial 
vessels and e is an e rro r term  such th a t loge e has a 
norm al d istribution w ith m ean zero  and standard  devi­
ation 0.4. No allowance for discarding was m ade and the 
com m ercial effort data  w ere regarded as being reliable. 
The predicted  research  vessel catch rate is given by

Et =

w here q r is a research  vessel catchability and loge 7  has a 
norm al d istribution  with m ean zero and standard  devi­
ation 0.34. The standard  deviations for the e rro r distri­
butions w ere chosen in the belief tha t each research 
catch rate  observation  was probably w ithin half to 
double the value im plied by the true biom ass, and tha t 
the recorded com m ercial catch observations w ere p ro b ­
ably som ew hat worse than  this.

The likelihood of each m odel was calculated by fitting 
data  to  the non-equilibrium  form  of the m odel directly, 
beginning in 1960 and assuming tha t the populations 
w ere initially at equilibrium  under no fishing effort. The 
models w ere fitted to the research  survey and com m er­
cial data  sets separately, with the log likelihoods for n 
observations being calculated from

-0.5n log { I tto f)  -  (2crf) 1 ^  log (Cx/q fE xB x)

for the com m ercial data  set and

-0.5n log (2mr^) -  (2o^) 1 ^  log (p,x/q rB x)

for the research vessel da ta  set.
In m ost cases a single set of param eter values corres­

ponding to  the m aximum of both  surfaces could be 
found; in o ther cases the param eter set corresponded  to 
the m axim um  if each surface was accepted so that two 
param eter sets w ere considered for som e m odels. E ach 
param eter set/m odel com bination was trea ted  as a 
different m odel in the evaluation of m anagem ent op­
tions. The com m ercial catch data  beyond 1979 for Saur­
ida w ere no t included in the analysis because of changes 
in com m ercial re ten tion  practices (see T hresher et al. , 
1986).

M odel 1

A ll species groups are contro lled  by “intraspecific” p ro ­
cesses. This m odel represents the multiple single species 
approach to assessm ent.

Lethrinus and Lutjanus follow the difference equation  
for logistic population  grow th,

Cx — qfE xB T Bx+i =  Bx [l +  r -  (rB x/K ) -  q fE x]
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w here r is the intrinsic population  grow th rate  and K is 
the carrying capacity. B est estim ates of the th ree p ara ­
m eters o f this m odel are given in T able 5.

Nem ipterus and Saurida  increased in abundance with 
fishing, which, assum ing only intraspecific population  
processes, suggests th a t the population  grow th rate 
depends upon population  age structure. This might be 
due to  high levels o f cannibalism  by old individuals 
which are subsequently  rem oved by the fishery, o r a 
highly dom ed relation  betw een population  egg p ro ­
duction and recru itm ent com bined w ith strongly age- 
dependen t individual fecundities. A  simple m odel o f this 
is

B t+ 1  =  Bt [1 +  r — (axrB x/K ) -

((1 -  ax)rB x/3K) -  q fE x]

w here a  is an in teraction  coefficient and W T is the 
com bined abundance of Lethrinus and Lutjanus a t tim e 
T. P aram eter estim ates for r, qf, K, and a  are given in 
Table 5. P aram eter set 2a in T able 5 provides the best fit 
of the m odel for N em ipterus  and Saurida  to  the com m er­
cial da ta , while 2 b provides the best fit to  the research 
survey data.

M odel 3

Nem ipterus and Saurida  have intraspecifically controlled 
population grow th, while the population  grow th of Leth ­
rinus and  Lutjanus is also negatively influenced by the 
com bined biom ass of Nem ipterus and Saurida. Popu­
lation grow th for N em ipterus and Saurida  is as in m odel 
1, and for Lethrinus and Lutjanus is

w here ax is the p roportion  of the population biom ass at 
tim e T  m ade up of anim als younger than  som e critical 
age (Tcrit) at which they strongly re tard  population 
grow th and 3 determ ines the strength of this re tardation . 
Inclusion of ax and 3 is a crude m ethod  of allowing a 
production  m odel to  exhibit som e age structure behavi­
our. From  a simple age structured  population  m odel

t= T „ ¡,

SL'y = ^  exp ( —M t — q f EjVl -  e x p ( -k t) ) '
t= 0  *- i - T —t

t=ao r  /  \
^  exp - M t - q f 2^  E¡ (1 -  exp (—k t) ) 3

i = T —t 
i >  1971

with the values for the rate  of natural m ortality (M ) and 
the von B ertalanffy grow th coefficient (k) taken  from  
Sainsbury (1984). T he best estim ates o f the five para­
m eters of this m odel (r, qf, K, T crit, and 3) are given in 
Table 5. The m odel param eter values suggested by the 
com m ercial catch data  w ere substantially different from 
those suggested by the research  survey data , so each was 
used to give two d ifferent param eterizations of the 
m odel. Param eter set la  of Table 5 provides the best fit 
of the m odel for N em ipterus and Saurida to the com m er­
cial data , and set lb  provides the best fit to  the research 
survey data.

M odel 2

Lethrinus and Lutjanus have intraspecifically controlled 
population  grow th, as in m odel 1 , while the population  
grow th of N em ipterus and Saurida  is also negatively 
influenced by the com bined biom ass o f Lethrinus and 
Lutjanus. Population  grow th for Lethrinus and Lutjanus 
is given by m odel 1, and for N em ipterus  and Saurida  is

Bx+I =  Bx [l +  r -  (rB x/K ) -  (a rW x/K ) -  q fE x]

B x+1  =  Bx [l -I- r  — (rB x/K ) — (a rW x/K ) — q fE x]

w here W x is the com bined abundance o f N em ipterus and 
Saurida. P aram eter estim ates are given in T able 5. The 
param eter set 3a in T able 5 follows from  Nem ipterus  and 
Saurida  having param eters la ,  while param eter set 3b 
follows from  N em ipterus and Saurida having param eters 
lb .

M odel 4

The carrying capacity of all groups is determ ined  by the 
am ount o f suitable hab ita t, and hab ita t abundance is 
alte red  by the physical effects o f trawling. F or all fish 
groups population  grow th is

1 +  r — jrB x / Í a  ^  hXj \ j j  — q fE x=  Bn

w here hT ¡ is the p roportion  o f the area occupied by 
hab ita t i at tim e t, \¡  is the relative density o f the species 
group in hab ita t i, and A is a constant. Only two 
dem ersal habitats w ere considered, the first containing 
large (> 2 5  cm) epibenthic organism s and the second not 
containing these organism s. The estim ated probabilities 
o f observing a fish in each hab ita t type (ob tained  from 
the photographic survey data  in Table 4) w ere taken  to 
be estim ates o f th e  X¡. T he hx i w ere obtained  from  a 
simple m odel o f the benthos in which the sea floor is 
considered to  com prise a num ber o f sm all, independent 
patches of size equal to  the area covered by each survey 
photograph (abou t 4 m2). In this m odel each patch has a 
fixed probability  (s) o f receiving a recruit each year and 
each benthic organism  has a fixed probability  (d) of 
dying each year. If it takes T 2s years for the organism s to 
grow to  25 cm then  the p roportion  of patches with one or 
m ore individuals of large benthos is
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i _  n  t1 ~ s exp ( —4>d )]-
4> = T25

If each traw l sweeps p roportion  p o f the fished area and 
an individual aged 4> is rem oved with p robability  r^ on 
encounter, then  the probability  o f an individual not 
being rem oved by trawling tha t year is approxim ately 
exp ( “ p r^E T). Assum ing r ,̂ can be w ritten  as

r<t> ax (1  -  exp (-c<)>)),

but restricting rT25 to  be 0.95 of rmax, so tha t c can be 
expressed solely in term s of T25 and rmax, gives the 
p roportion  of patches with one or m ore individuals of 
large benthos at tim e T  (i.e. hT1 in the difference 
equation  for m odel 4) as approxim ately

+=»

h T ,i =  1 ~  Y [  t 1 — s exP ( —D 4»)J
* = T25

w here

k=<f>

D* =  4>d +  p r^ _ kE T_k
k = l

and

hx 2 ~  1 hx j .

A  similar equation  can be obtained  for the p roportion  of 
patches with small benthos, and since both proportions 
w ere m easured in 1983 this gives two equations in four 
unknow ns, s, d , t 25, and rmax. The p roportion  of the 
area swept by one Taiw anese traw l, p , was 0.84/ 
8 X IO4 =  1.05 X IO -5. A  value of rmax =  0.5 was con­
sidered reasonable from  scuba and video observations of 
trawls in progress, and two values for T 25 w ere taken  
from  the literature  (H arrison and C ow den, 1976), 
6 years and 10 years. These data  w ere used to estim ate 
two param eter sets (s,d), each set corresponding to  the 
grow th ra te  im plied by the one of the two T 25 values. A  
separate set of param eters for the fish dynamics m odel 
(r,A ,qf) was then  obtained for each (s,d) pair. The 
estim ates o f the five param eters of this m odel are given 
in Table 5. Param eter set 4a of T able 5 is for 
T25 =  6 years and set 4b is for T 25 =  10 years.

2 .2 .3 . A s s e s s m e n t  o f  m a n a g e m e n t  re g im e s  f o r  th e  
N o r th w e s t  S h e l f

T able 5 defines eight different m odel/param eter value 
com binations resulting from  two param eterizations of 
each of four m odels. M odels 1 and 2 imply a low yield to  
a trap  fishery, because the historical decline of L e th r in u s

and Lutjanus is in terp re ted  as indicating that these 
stocks have low productivity. M odels 3 and 4 give a high 
yield to the trap  fishery because trapping rem oves no 
benthos (which under m odel 4 allows re tu rn  of high 
carrying capacities for Lethrinus  and Lutjanus) and 
catches few N em ipterus and Saurida (which under some 
param eterizations o f m odel 3 allows the N em ipterus and 
Saurida  populations to decrease to  their unfished levels, 
with consequent reduction  in the negative influence they 
exert on Lethrinus and Lutjanus population  grow th).

A ssessm ent o f m anagem ent regim es for the N orth ­
west Shelf exam ined four different regim es during the 
learning period  (i.e. the W in section 2 .2 .1), learning 
periods o f up to  2 0  years, and four d ifferent long-term  
regim es (i.e. the U k in section 2.2.1).

T he long-term  fishing regim es considered for possible 
im plem entation after the learning period were : U! a trap  
fishery for Lethrinus  and Lutjanus  with a fishing m or­
tality of 0 .1  (close to maxim um  sustainable yield for 
models 1 and 2), U 2 a trap  fishery with fishing m ortality  
of 0.2 (close to maxim um  sustainable yield for m odel 3), 
U 3 a trap  fishery with fishing m ortality o f 0 .6  (close to 
maxim um  sustainable yield for m odel 4), and U 4 con­
tinuation  o f traw ling at the present trawling effort and 
no fu rther developm ent o f the trap fishery.

T he yield to  the pair trawl fishery is about the same 
under all m odels and so the annual re tu rn  to A ustralia 
from  this fishery is taken  to  be the 1985 annual licensing 
and access fee of A US$ 0.5 x  IO6. Vessels in the trap 
fishery obtain  an after-costs value of about A US$ 1142 
per tonne of re tained  catch (M. M oran, W estern A ustra ­
lian D epartm en t of Fisheries, pers. com m .), and this 
was used to  calculate the annual value of the trap  fishery 
catch from  the resource under each m odel and fishing 
regim e. Failure o f the trap  fishery to expand is taken  to 
result in the present level of catch to  the trap  fishery, 
3 0 0 1 per year, irrespective of the resource m odel. The 
discount ra te  factor was assum ed to  be 0.95 throughout 
the analysis.

The learning period regim es exam ined w ere: W A 
indefinite continuation  of U 4 (i.e. no learning period, so 
t =  0, and continuation  of the status quo)', W B im m edi­
ate application of the U k giving greatest expected value 
(i.e. t =  0  and application of the regime presently  con­
sidered best); W c  continued trawling during a learning 
period of t years, then after the learning period the U k 
giving greatest expected value is selected and applied 
(i.e. learning does no t disrupt revenue flow or em piri­
cally explore trap  fishery expansion); W D a learning 
period o f t years during which trawling is stopped for a 
num ber o f years and trap  fishing w ith F =  0.2 is 
a ttem pted , then  after the learning period the U k giving 
greatest expected value is selected and applied (i.e. 
learning disrupts revenue flow but empirically explores 
trap  fishery expansion); and W E a learning period  o f t 
years in which half o f the area is trea ted  as for W D and 
foreign access trawling is continued in the o th er half
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Table 5. P aram eter values fo r each of the  four resource dynam ics m odels used in assessm ent o f m anagem ent regim es. D ifferent 
p aram eteriza tions of each m odel th a t w ere regarded  as being equally  acceptable  fo r the  available da ta  are  ind icated  by le tters. T he 
m axim um  equilibrium  sustainable yield (M SY) is given fo r each species group (i.e. single-species m axim um ) fo r each m odel, and 
fo r m odels 3 and 4 the  d irec ted  M SY is also given. M SY (directed) is the yield th a t w ould be available from  Lethrinus and  Lutjanus  
if they  alone w ere subject to  fishing m orta lity  and harvesting  did no t m odify the  h ab ita t, and is the yield available from  a trap  
fishery. T he units fo r K  and  M SY are  tonnes, and fo r T crit are years.

P aram eter N em ipterus Saurida Lethrinus Lutjanus

Model la
r 1.1 1.3 0.25 0.35
qt 0.3 x  IO“ 5 0.4 x  IO“ 5 0.4 x  IO“ 5 0.5 X IO“ 5
K 45 000 35000 20000 15 000
T c r i t 5 5
d 0.1 0.05
M SY 12 000 10200 1250 1312

Model lb
r 1.5 1.4 0.25 0.35
qt 0.7 x  IO“ 5 0.8 x  IO“ 5 0.4 x  IO“ 5 0.5 x  IO“ 5
K 300000 60000 20000 15 000
T c r i t 5 5
3 0.001 0.01
MSY 70000 15 700 1250 1312

M odel 2a
r 1.4 1.5 0.25 0.35
Of 0.5 x  IO“ 5 0.4 x  IO“ 5 0.4 x  IO“ 5 0.5 x  IO“ 5
K 35 000 45000 20000 15 000
a 0.5 1.0
M SY 12 300 16900 1250 1312

Model 2b
r 1.5 1.5 0.25 0.35
qt 0.4 x  IO“ 5 0.4 x  IO“ 5 0.4 X IO“ 5 0.5 x  IO“ 5
K 45 000 45 000 20000 15 000
a 1.0 1.0
MSY 16900 16900 1250 1312

M odel 3a
r 1.1 1.3 0.4 0.5
qt 0.3 x  IO“ 5 0.4 x  IO“ 5 0.3 x  IO“ 5 0.4 x  IO"5
K 45 000 35000 45 000 25 000
T c r i t 5 5
3 0.1 0.05
a 0.5 0.2
MSY 12 000 10200 945 1 150
M SY (d irected) 1040 1220

M odel 3b
r 1.5 1.4 0.45 0.5
qt 0.7 x  IO“ 5 0.8 x  IO“ 5 0.3 x  IO“ 5 0.4 x  IO“ 5
K 300 000 60000 25 000 20000
T c r i t 5 5
3 0.001 0.01
a 0.3 0.2
MSY 70000 15 700 1070 1 180
M ST (d irected) 1940 1 840

Model 4a
r 1.2 1.2 1.6 1.2
qt 0.5 x  I O '5 0.2 x  IO“ 5 0.7 x  10 5 0.8 x  IO“ 5
A 550000 250000 900000 1400000
MSY 7 730 10300 1130 1320-
M SY (directed) 5 890 2 820

E piben th ic  organism s
f m a x 0.5
T 25 6
s 0.1332
d 0.0655

(continued)
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Table 5. Continued.

P aram eter Nem ipterus Saurida Lethrinus L utjanus

Model 4b
r 1.1 1.1 1.4 1.2
9f 0.5 X  IO -5 0.2 X  IO“ 5 0.6 x  IO -5 0.8 x  IO -5
A 750000 250000 950 000 1400 000
MSY 9690 9490 1000 1280
M SY (directed)

E pibenthic
tm a x

T 25
s
d

organism s
0.5
10

0.0906
0.0320

6220 3 090

Table 6. T he presen t value (m illions o f A ustra lian  dollars) ob ta ined  from  each m odel (M) by im m ediately applying each of four 
possible long-term  fishing regim es (U). V ( +U k|Mj) gives the  value o f successful application o f U k to  a resource obeying m odel Mj, 
and V ( _ U k|Mj) gives the  value o f a failed application. Uj is a trap  fishery with F =  0 .1, U 2 is a trap  fishery with F =  0 .2 , U 3 is a trap  
fishery with F =  0.6, and U 4 is continuation  o f the licensed traw l fishery. A  failed trap  fishing regim e occurs if the fishery fails to 
expand to provide the target F , and in this event a constan t annual catch o f 300 t p e r year is assum ed. A  discount rate  o f 0.05 was 
used th roughout.

V (+ U kjMj) V (_ U k|Mj)

M, u , u 2 u 3 U4 Ui U2 u 3 U 4

la 48.2 57.3 26.7 9.96 6.85 6.85 6.85 9.96
lb 48.2 57.3 26.7 9.96 6.85 6.85 6.85 9.96
2a 48.2 57.3 26.7 9.96 6.85 6.85 6.85 9.96
2b 48.2 57.3 26.7 9.96 6.85 6.85 6.85 9.96
3a 49.6 54.1 29.1 9.96 6.85 6.85 6.85 9.96
3b 60.1 84.6 32.9 9.96 6.85 6.85 6.85 9.96
4a 39.9 73.8 148.7 9.96 6.85 6.85 6.85 9.96
4b 38.7 71.2 137.1 9.96 6.85 6.85 6.85 9.96

(both  halves are assum ed to  be isolated and have iden t­
ical dynam ics). W A and W B are degenerate cases (t =  0) 
and do no t involve consideration of fu rther learning, 
while for W c , W D, and W E the learning period  duration  
giving the g reatest econom ic benefit is of m anagem ent 
in terest. D uring all learning periods, observations of the 
status of the resource are m ade by an annual research 
trawl survey. The survey is assum ed to  cost 
A US$ 0.3 X IO6 (based on C SIR O  survey costs) and to 
provide a relative index of the abundance of each of the 
four fish groups according to

p-T =  q rBT7

w here, as before, Bx is the true abundance, q r is the 
research  vessel catchability as estim ated from the his­
torical data  and loge y has a norm al d istribution with 
m ean zero and standard  deviation 0.34. R ecent surveys 
appear much m ore precise than  this, but the early 
surveys o f the N orthw est Shelf appear to contain vari­
ability of this m agnitude and it is p rudent to take a 
conservative view of sam pling capabilities.

The present values associated with each of the U k 
applied im m ediately to each m odel (i.e. at tim e T  with

no fu rther learning) are given in Table 6 . If it w ere 
known tha t the trap  fishery could not expand, then  the 
existing traw l fishery gives a higher p resent value from  
the resource than  a trap  fishery irrespective of which of 
the resource m odels is true. If trap  fishery expansion is 
possible, then  a trap  fishery w ith F =  0.2 gives the 
greatest p resent value w hen m odels 1-3 are true , while a 
trawl fishery w ith F  =  0.6 gives the greatest present 
value w hen m odel 4 is true. D istinguishing betw een 
m odels 1 through 3 has no m anagem ent value, because 
they all imply the sam e m anagem ent action, but there  is 
considerable benefit from  distinguishing m odel 4 from  
m odels 1-3.

T he expected present values from  each o f the W 
exam ined are given in Table 7. F or W B, im m ediate 
application of a trap  fishery w ith F =  0.2 (i.e . U 2) gives 
highest expected p resen t value from  the resource 
(A US$ 35.4 X IO6). Im m ediate application of U 2 gives a 
larger expected presen t value than  im m ediate appli­
cation of U 3 if the probability  o f m odel 4 being true  (i.e. 
PT(M 4a) +  Px(M 4b)) is less than  about 0.33. The 
expected value of perfect inform ation (E V PI) for instant 
resolution  of the alternative resource m odels in 1985 is 
A U SS45.8  X IO6. The best expected value obtainable
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T ab le  7. T he expected  p resen t value (m illions o f  A ustralian  
dollars) o f d ifferen t m anagem ent strategies (W ) fo r the  N orth ­
west Shelf fishery. Policy W A is con tinuation  o f the existing 
licensed traw l fishery; W B is to im m ediately  apply one o f four 
possible long-term  regim es (U j to U 4 as described in the 
caption  to T able 6); W E is con tinued  traw ling fo r a period  t, 
conducting annual resource surveys during  t and  using these 
d a ta  to  select the  best Uk at the end  of the  period ; W D is 
conducting  annual resource surveys fo r period  t , during  which 
tim e all fishing is s topped  fo r tc years and a trap  fishery with 
F  =  0.2 is app lied  for the  rem aining t — tc years, and then  using 
these d a ta  to select the  best Uk at the end of the  period; W E is 
the  sam e as W D except th a t the  learning p eriod  regim e is 
applied  to  only half the  a rea  and the  traw l fishery is con tinued  in 
the o th er half. T he expected  value o f perfect inform ation  
(E V P I), with respec t to distinguishing the alternative resource 
dynam ics m odels, is also given for each strategy.

S trategy W A 9.96
Strategy W B

u k
u ,
U2
u 3
U4
EV PI

E [V (U 0]
27.2
35.4
31.8 

9.96
45.8

Strategy W c
t E [V (W c ,t)] EV PI
0 35.4 45.8
5 35.6 36.7

10 29.7 30.7
15 25.1 25.8
20 21.2 21.7

Strategy W D
t tc E [V (W D,t)] EV PI
0 0 35.4 45.8
2 1 35.8 42.0
5 1 36.8 40.9
5 2 37.4 40.5

10 2 37.2 38.7
10 4 36.8 37.4
15 2 37.1 37.2
15 4 35.6 35.6
20 2 36.3 36.3
20 4 33.9 33.9

Strategy W E
t tc E [V (W D,t)] EV PI
0 0 35.4 45.8
2 1 35.9 43.1
5 1 40.5 42.0
5 2 40.6 41.6

10 2 40.5 40.7
10 4 38.9 39.2
15 2 39.8 39.8
15 4 38.4 38.7
20 2 38.6 38.6
20 4 37.2 37.2

under the p resen t uncertain ty  is A US$ 35.4 x  IO6 
(Table 7), and in principle the difference 
(A U S$ 10.4 X IO6) is the am ount it would be w orth 
paying to  obtain  instant resolution of the specified 
uncertainties in resource dynamics. W c  (continued 
traw ling at the 1985 effort level th roughout the learning 
period) is a very uninform ative strategy. F urther obser­
vations o f the com m unity under continued trawling 
provide little opportun ity  to  recognize m odel 4 when it is

true , and there  is no opportun ity  to test empirically the 
expansion of the trap  fishery. S trategy W D, a m ixture of 
closing traw ling and attem pting to expand the trap  
fishery, can give expected values tha t are g rea ter than 
W B for learning periods less than  15-20 years. O f the 
strategies exam ined, a short (about 2  years) closure of 
the trawl fishery followed by 3-13 years o f a ttem pted  
expansion of the trap  fishery, provides close to  the 
maxim um  expected value from the resource. M aintain­
ing the trawl fishery on half of the N orthw est Shelf while 
exam ining the trapping option  on the o th er half during 
the learning period  provides a higher expected value 
than  treating  the whole shelf as one unit. L onger learn­
ing periods, and in particular longer periods of trawl 
closure, provide g rea ter resolu tion  betw een the a lterna­
tive m odels bu t the costs of obtain ing this additional 
resolution exceed its value to  m anagem ent. V ery short 
learning periods provide highly variable outcom es b e ­
cause of frequent m isidentification of m odels, and so 
give relatively low expected values.

The analysis outlined  here was provided to the State 
and Federal F isheries m anagem ent authorities. T he 
S tate authorities saw m erit in the suggested m anage­
m ent actions, bu t the Federal authorities initially 
regarded the status quo  as acceptable. B oth  authorities 
agreed on the goals o f m anagem ent o f fisheries in the 
A ustralian  Fishing Z one (A non ., 1985) -  to  obtain the 
greatest benefit from  the resource and support dom estic 
fishing industries -  bu t differed in their assessm ent o f 
how these goals should be achieved. R egional, organiza­
tional, political, and individual differences in em phasis 
on the inevitably m ultifaceted consequences of a m an­
agem ent action are to  be expected , and illustrate the 
difficulty in specifying an objective criterion for 
decision-m aking in fisheries m anagem ent. H ow ever, 
partly for the reasons outlined here and partly for o ther 
reasons, the Federal and State fishery m anagers cooper­
ated  to close a portion  of the N orthw est Shelf to foreign 
trawling from  1985 (Fig. 4). They similarly cooperated  
to close an additional area to foreign trawling from  1987 
(Fig. 4), thereby  providing th ree areas with contrasting 
fishing regim es.

A nnual surveys o f the fish com m unity and epibenthos 
on the N orthw est Shelf west o f 119°E have been con­
ducted by C SIR O  since 1985. The abundance of fish in 
the areas closed to trawling increased in the years 
following the closures, and in 1988 dom estic traw lers 
began to  operate  in these areas. This developm ent was 
not anticipated  in the 1985 assessm ent of options for the 
N orthw est Shelf. D om estic trawling has subsequently 
been restric ted  to  east of 116°45'E so as to m aintain non­
traw led areas for resource recovery and developm ent of 
the trap  fishery. It is anticipated that the w estern bound­
ary of the foreign access zone will be fu rther m oved 
eastw ard to  120°E from  1990 to reduce interaction 
betw een the foreign and dom estic trawl fisheries. In ­
crease in the dom estic trawling effort in the area
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Figure 4. T he zones subjected to d ifferent fishery m anagem ent 
regim es on the N orthw est Shelf.

116°45'E-T20°E is expected to  slow, so that 117°30'E- 
120°E will probably be traw led only lightly during the 
next few years.

In practical application, adaptive m anagem ent was 
no t form ally used as the m anagem ent policy for the 
resource. H ow ever, the adaptive m anagem ent analysis 
strongly influenced the m anagem ent regim es tha t were 
adopted . The m anagem ent regim e in place in 1987 was 
very sim ilar to  a regim e that perform ed well in the 
analysis, although it did not eventuate solely for the 
reasons used in the analysis. Similarly, the recent devel­
opm ent o f the dom estic trawl fishery was no t part o f any 
regim e exam ined in the original analysis, but the benefit 
dem onstrated  by that analysis of separating trap  and 
trawl fisheries was used in form ulating the m anagem ent 
response to  developm ent of the dom estic trawl fishery.

The principles underlying adaptive m anagem ent are 
the credibility placed on different hypotheses of re ­
source dynam ics, the econom ic re tu rn  from  the resource 
thought to  be possible under each hypothesis, and the 
way tha t p resen t m anagem ent actions affect the ability 
to distinguish betw een hypotheses w ith different econ­
omic consequences. Practical application of adaptive 
m anagem ent involved the application of these principles 
both  to  anticipated m anagem ent options and to m anage­
m ent issues and options as they arose.

3. Discussion
The dynamics of the N orthw est Shelf fisheries are com ­
plex and highly uncertain , and by necessity the assess­

m ent of prospective m anagem ent actions contained 
m any simplifying assum ptions. The resource m odels 
used w ere all very simplistic and could be expected  to 
mimic only gross aspects of the dynamics o f the real fish 
com m unity, such as w hether a popultion  w ould increase 
o r decrease, quickly or slowly, and with long or short 
tim e lags. N one of the m odels used could exhibit behav­
iour such as m ultiple stable states, non-stationarity  or 
external forcing, although such behaviour is to  be 
expected in the dynamics of real com m unities. F u rth e r­
m ore, the com plex non-linear in teractions betw een 
econom ic investm ent and resource state w ere alm ost 
totally ignored, and the analysis used a very simple 
trea tm en t of learning and the use of inform ation by 
m anagers. The inclusion of m odel process e rro r, to 
allow for stochastic change in the resource m odels and 
decision param eters, w ould be a useful im provem ent to 
the analysis. Its inclusion is likely to decrease the esti­
m ated ability to  distinguish the alternative models.

The experim ental designs provided under the various 
learning period  regim es (W ) exam ined w ere all very 
simple. M ore com plex designs w ould be required  for 
resolution of resource m odels involving spatially and 
tem porally  specific influences, but tractable m odels of 
these influences could no t be constructed with the data 
available and so were no t considered. A lso m ore com ­
plex learning period  regim es and designs w ere not con­
sidered feasible on the N orthw est Shelf.

If the N orthw est Shelf com m unity is really driven by 
highly non-linear in teractions, then  the im plications to 
param eter estim ation, prediction, and the in te rp re ­
tation  of any experim ent are daunting and well ex­
pressed by Neill (1974): “the ecologist is therefore  in a 
difficult position: on the one hand he cannot hope to 
m easure the dynamics of the in teractions betw een pairs 
o f species w ithout perturbing them , and on the o ther, 
results of the pertu rbation  depend upon the effects of 
o ther species on the com peting pair. Properly done the 
experim ent becom es hopelessly difficult.”

The approach taken  on the N orthw est Shelf assum ed 
that it was possible to  approxim ate the im portant fea­
tures o f the dynamics of the com m unity and its fisheries 
by simple m odels. D espite the simplifications the analy­
sis provided a very useful fram ew ork for encom passing 
m any processes and uncertainties involved in assessing 
prospective m anagem ent actions. It was instrum ental in 
leading to  positive m anagem ent actions despite the 
initially bew ildering level of uncertain ty , and proved 
useful in helping m anagem ent decisions involving both 
foreign/dom estic and dom estic/dom estic fishery in ter­
actions on the N orthw est Shelf.

M ore generally, there appear to  be m any u nder­
utilized opportunities for fisheries research and m anage­
m ent to make active use of the feed-back betw een 
m anagem ent action and em pirical learning about re ­
source dynamics. Such opportunities occur alm ost every 
tim e a new m anagem ent m easure is in troduced o r an old
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one m odified, and yet it is very rare for any consider­
ation to  be given to  how th a t m easure could be in tro ­
duced so as to  provide the greatest benefit to  long-term  
m anagem ent (and in particular to  learning about the 
resource’s response to  the m easure). I t is quite possible 
th a t m uch research  expenditure is currently  being 
devoted  to questions th a t could have been answ ered 
m ore directly and cheaply (or at least posed m ore 
sharply) following direct trials using a fishery.

The N orthw est Shelf provided a ra ther unusual situ­
ation w ith m any features tha t favoured an actively 
adaptive m anagem ent approach: there  w ere m ajor 
uncertain ties in the dynamics of an extrem ely complex 
fish com m unity which m ade it difficult to  select a m an­
agem ent regim e th a t could confidently be expected to 
achieve the m anagem ent objectives; few scientists were 
studying the resource so tha t resolution o f the uncertain ­
ties by process-oriented  research  was highly unlikely; 
the fish had  relatively short life spans and hence w ere 
expected to  respond quickly to  changes in the fishing 
regim e; close m anagem ent contro l was possible; the 
existing fishery had relatively low value; the existing 
fleet had alternative fishing options; and an alternative 
fishery had relatively high value. The large areas closed 
to  trawling on the N orthw est Shelf w ould no t be feasible 
o r justifiable in m any fisheries, and even for the N orth ­
west Shelf closures o f m ore than  a few years may not be 
justifiable.

M ore usually, opportunities for actively adaptive 
m anagem ent would be expected to  arise from  changes in 
the usual fishery controls such as m esh sizes, catch 
quotas, and seasonal closures. F or exam ple, it m ay be 
possible to  im plem ent changes in mesh-size regulations 
in such a way as to  m aintain revenues and empirically 
test w hether the changes bring about the expected 
im provem ents in the fishery. V ery little a tten tion  has 
been  given to  this question , despite the w idespread use 
of m esh regulations, and recent research findings of high 
m ortality  am ong fish that have passed through trawl 
m eshes (e.g. M ain, 1988; D eA lteris and R eifstech, 
1988) suggest tha t there  w ould have been  considerable 
value in obtaining em pirical support for the use of mesh 
regulations. Similarly, the difference in yield predictions 
betw een single-species m odels and multispecies models 
in the N orth  Sea (see Pope, 1991) suggests tha t it may be 
possible to  devise an experim ental m anagem ent policy 
tha t could empirically determ ine which of these two 
m odelling approaches provides the m ost reliable m an­
agem ent advice. E xam ination  of this possibility appears 
w orthw hile.

W hile the p resen ted  m ethod  of analysis can help 
expose the basic issues and alternative hypotheses for 
exam ination and review , this in itself o f course does not 
overcom e the uncertain ties. M anagem ent of m arine 
com m unities rem ains fundam entally  em pirical, and the 
analysis simply helps guide the choice of which available 
m anagem ent actions are w orth  taking. H ow ever, in

dealing w ith difficult com m unity level m anagem ent 
problem s, w here several different views of com m unity 
dynamics are unresolvable at the tim e of decision­
m aking, such guidance is perhaps the m ost constructive 
outcom e possible. The analysis is “scientific” , in tha t the 
consequences logically follow from  stated  assum ptions, 
there is em phasis on testing predictions, and it focuses 
a tten tion  on assum ptions, their consequences, and their 
em pirical resolution. H ow ever, the analysis is no t totally 
objective. R a ther it is conditional upon the “state o f the 
w orld” statem ents, such as the m odels to  be included 
and the probabilities initially placed upon them , which 
cannot be determ ined  w ith to ta l objectivity. This is a 
fundam ental difficulty with the m ethodology. D ifferent 
people with different backgrounds and goals may choose 
quite d ifferent m odels to include in the set of a lte rna­
tives, and m ay choose to  assign different prior p rob­
ability distributions even to  the same m odels. E ither of 
these differences could alter the outcom e of the analysis. 
F u rtherm ore , it is no t possible to exam ine all possible 
m odels and prior distributions, and at best the sensitivity 
to  som e variation in prior distributions and m odels could 
be exam ined. H ow ever, this apparen t w eakness in the 
m ethodology is simply the result of making explicit the 
process of m odel selection tha t occurs in all fishery 
assessm ent and m anagem ent. A ll assessm ents involve 
selection of a general approach, the m odels to  use, and 
the m anagem ent im plications to  exam ine. B ut usually it 
is not obvious that subjective inputs are involved and 
there  is no clear fram ew ork for quantitatively specifying 
or evaluating these inputs. M ethodology of the type 
em ployed here has the advantage of explicitly exam ining 
the value of distinguishing some o f these subjective 
inputs, and determ ining the ability to do so under 
various m anagem ent actions. The w idespread use of 
such m ethods w ould perhaps encourage m ore frequent 
and rigorous tests o f prediction against reality in fish­
eries m anagem ent. In this way it may be possible to 
exam ine the limits of empiricism and the question of just 
how predictable and m anageable fish com m unities are.
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Management of multispecies fisheries in New Zealand by 
individual transferable quotas

John H. Annala, Kevin J. Sullivan, and A rthur J. Hore

A nnala , J. H ., Sullivan, K. J ., and  H o re , A . J . 1991. M anagem ent o f  m ultispecies 
fisheries in New Z ealand  by individual transferab le  quo tas. -  IC ES m ar. Sei. Sym p., 
193: 321-329.

A  quo ta  m anagem ent system (Q M S) using individual transferab le  quo tas (IT Q s) was 
in troduced  in to  New Z ea lan d ’s fisheries on 1 O ctober 1986. M ost of the 29 species in 
the  system  are  taken  in traw l fisheries which are  m ulti-species in n a tu re . By-catch 
p roblem s have been  experienced  because species to tal allow able catches (TA C s) have 
no t been  set in p ropo rtio n  to  pre-Q M S landing levels and because o f  na tu ra l variations 
in stock size. M anagem ent by a Q M S system  ra th e r  than  fishing fo r a to ta l com petitive 
T A C  has b rought these p roblem s dow n to the  level o f the  individual fisher ra th e r  than  
the en tire  fleet. The two m ajor by-catch p roblem s experienced  thus far include: (1) 
T A C  over-runs; and (2) T A C  under-runs. C u rren t a ttem pts to resolve these p roblem s 
include: (1) trad ing  of ITQ  betw een individual fishers; (2) fishing on behalf o f ano ther 
ITQ  holder; (3) allow ance for fishers to  overcatch  th e ir ITQ  by up to 10% in a given 
fishing year o r  carry over up to 10% of th e ir ITQ  to  th e  next fishing year; (4) su rren d er 
o f th e  po rt price value o f over-caught fish to  the  C row n; and (5) exchange of uncaught 
ITQ  of a certain  species fo r catch o f  an o th er, over-caught species. T hese  p roblem s and 
a ttem pts to  resolve them  are  deta iled  fo r th ree  d ifferen t fisheries: the  d eepw ater hoki 
fishery, the  transitional a lfonsino/b luenose fishery, and a m ixed species inshore 
fishery. The use o f o th e r  m ethods to resolve by-catch p roblem s (basket and sacrificial 
T A C s) is discussed.

John H. A nnala  and Kevin J. Sullivan: Fisheries Research Centre, M AFFish, P. O. B o x  
297, W ellington, N ew  Zealand. A rth u r Hore: M AF Fish N orth , P .O . B o x  3437, 
A uckland , N ew  Zealand.

Introduction
A  quo ta  m anagem ent system (Q M S) using individual 
transferable quotas (ITQ s) was in troduced into New 
Z ea land ’s fisheries on 1 O ctober 1986. As of 1 O ctober 
1989, there  w ere 29 species in the QM S (A ppendix A ). 
The fishery for each species is divided into a num ber of 
d ifferent m anagem ent units (defined as “fishstocks”), 
ranging from  2  to  8  for any given species, w ith a to ta l of 
169 fishstocks in the system. E ach fishstock is com posed 
of one or m ore quota m anagem ent areas (Q M A s) (Fig. 
1) and m ay or may not have a biological basis. D etails of 
the QM S are provided in C lark et al. (1988).

M ost of these species are taken  in trawl fisheries which 
are multispecies in nature. B efore the in troduction  of 
the Q M S, total allowable catches (TA Cs) w ere estim ­
ated  for each of the species to  be included in the schem e. 
By-catch, problem s have been  experienced (m ainly in 
the inshore fisheries) because TA C s w ere no t set in 
p roportion  to pre-Q M S landing levels and because of 
natural variations in stock size. T A C s for the over­

exploited inshore species w ere set at levels from  25% to 
75% of the pre-Q M S catch levels, depending on the 
biological status and m anagem ent objectives for each 
fishstock. TA C s for under- and fully-exploited species 
taken  in the sam e mixed fisheries w ere set at levels equal 
to o r g rea ter than  the pre-Q M S levels. This has resulted 
in an im balance in the catch mix relative to  the available 
quota.

U nder New Z ealand  legislation TA C s are based on 
the am ount o f fish tha t will produce the maxim um  
sustainable yield (M SY) as qualified by o th er factors, 
e.g. econom ic, environm ental, and social. H ow ever, 
only lim ited data  are available for stock assessm ent for 
m ost species in the system. As of May 1988 there w ere 
little o r no biological data  to support stock assessm ents 
for 16 of the 29 species (A nnala , 1989). For the 1988- 
1989 fishing year (1 O ctober to  30 Septem ber) T A C s for 
18 species w ere based mainly on past landings data  only. 
This lim ited basis for stock assessm ents has been due 
mainly to  the rapid developm ent of the QM S and has 
increased the risk of experiencing by-catch problem s.
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