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Abstract
species. The changes in the marine food webs of the Hormuzgan waters of the Persian Gulf, Iran were

Fishing activities can alter the structure of marine food webs by the selective removal of some

assessed, based on estimates of the mean trophic index (MTI) and Fishing in Balance index (FiB), and on
landing profile of the exploited marine community (49 species) during the period, 2002-2011. The total
landings (Y¥;) (R=0.88, P<0.001) increased gradually while the Y, of carnivores has slightly declined, and the
Y, of herbivores, detritivores and omnivores has increased. Consequently, the MTI significantly decreased
(R=-0.69, P<0.05) at a rate of 0.11 during this decade. The MTI showed a decreasing trend, which indicates
exploitation of marine resources. The FiB index also showed a downward trend and negative values from
2002 to 2009, which may be associated with unbalanced structure in the fisheries, but an upward trend from
2009 to 2011. The time variation of the landing profile showed two periods with significant differences
in their species composition (R=0.88; P=0.005), and based on analysis of similarity, species have been
identified as discriminator species, namely Thunnus albacores and Benthosema pterotum. Results indicate
that changes in MTI reflected changes in the Hormuzgan landing structure. The examination of the MTI,
FBI, and landing profile (LP) temporal pattern suggests that the status of fishery resources in Hormuzgan
inshore waters is overexploited, and provides evidence of the probability that a fishing down process is
occurring in this area, and that this trend may continue in the long-term. Therefore, environmental fisheries
management and conservation programs should be prioritized for these valuable resources.
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1 INTRODUCTION

World-wide, over 60% of the most important fish
stocks are either overexploited or at the limit of
becoming overexploited by current fishing severity
(Vasconcellos and Gasalla, 2001). The failure of
traditional stock assessment and management of
fisheries (Pauly et al., 2002), has led to an increasing
trend in world catches (FAO, 2002), overfishing, and,
in some cases, to stock collapse (Botsford et al.,
1997). In addition, intensive exploitation of
commercial fish communities often results in
substantial declines in the abundance of target species
and changes in species composition (Gulland, 1987).
The key factors proposed to explain these changes are
selective fishing pressure on more highly valued

species of fish or stocks (Gulland, 1987; Haedrich and
Barnes, 1997). Therefore, both e mean trophic level
(MTL) of landings in any particular area and aquatic
production have been proposed as indicators of
fishery impact on the food web level (Pauly et
al., 1998, 2001, 2002; Rochet and Trenkel, 2003) or
on ecosystems, notably by testing whether marine
food webs are fished down or farmed up (Perez et al.,
1996; Treganza et al., 1997; Morizur et al., 1999). It is
well known that high trophic-level fishes, which are
made up of large and slow-growing species with late
maturity, decline in abundance more rapidly than low
trophic-level species, which are smaller and faster
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Fig.1 Map of study area, the Persian Gulf and location of
the Hormozgan inshore water

growing (Greenstreet and Hall, 1996). The marine
trophic indicator (MTI) from catches, is intended to
detect shifts from high-trophic-level predators to low-
trophic-level invertebrates and plankton-feeders
(Branch et al., 2010). Based on this indicator,
explanation of observed patterns in human impacts
use a conceptual typology to classify the declining
MTL in ecosystems into 4 types: firstly, when,
predators collapse (“fishing down’); secondly, when
low-trophic-level ~ fisheries  expand  (“fishing
through™); thirdly addition of new and high-TL
species to catches over time (“fishing up”); and
fourthly, general expansion of fisheries leading to
“ecosystem overfishing” or “fisheries expansion”™)
(Shannon et al., 2014). The assumption is that catch
MTL measures changes in ecosystem MTL and
biodiversity (Pauly et al., 1998; Pauly and Watson,
2005). Pauly et al. (1998) attested that the mean
trophic level of fisheries landings around the world
has been declining since the onset of industrialized
fishing. According to estimation by Pauly et al.
(1998), the average transfer efficiency between
trophic levels in aquatic ecosystems is 10%, thus, a
fall of 1 in the level at which a fishery functions would
lead to a 10-fold increase in potential catches, and this
effect has resulted in introduction of the “fishing-in-
balance” (FiB) index (Pauly et al., 2000a, b).

Since the Persian Gulf has a strategic position and
an important commercial fishery resource, it is more
subject to overfishing, over-capitalization of fisheries
technology, unregulated fishing gears, marine
environmental contamination and unbalanced
fisheries management. Therefore, marine capture
fisheries of the Persian Gulf in line with these global
trends are in a state of crisis. Based on reports of the

Iranian Fisheries Research Organization (IFRO)
(2005), all seafood resources in the Persian Gulf are
believed to be in an entirely exploited or over-
exploited condition, e.g. shrimp stocks, are at much
lower levels of abundance than in the past, small
pelagic fish stocks are lightly exploited and could
sustain increased harvests, demersal fish stocks have
declined over the past five-ten years. This has resulted
in a decline in landings in the Iranian area, from
around 147 000 tons in 1996 to 95 000 tons in 2001.
In this connection, the present study was undertaken
to determine and compare the impact of fishing in
Hormuzgan waters of the Persian Gulf and to test the
MTL of its landings during a period of ten years.

2 MATERTAL AND METHOD

2.1 Landing data collection

Landings and fisheries data of Hormuzgan Province
coastal waters, Persian Gulf, Iran (Fig.1), are detailed
by species, in term of quantity (10° tonnes) for the last
decade (2002-2011) were collected from the Iranian
National Organization of Fisheries. These species
comprised about 90%-95% of the total annual
landings in the study period.

2.2 Marine Trophic Index (MTTI)

Trophic level is defined as the position of an
organism in the food chain. The Marine Trophic Index
(MTTI) or the Mean trophic level (MTL) is calculated
from a combination of fisheries landings and diet
composition data of the landed fish species. MTI
expresses the position of organisms within the food
webs that largely define aquatic ecosystems. Their
values are set as a defining TL of 0 for Primary
producers, TL of 1 for microscopic plants and detritus,
TL of 2 for herbivores and detritivores (first level
consumers), TL of 3-5 for second-level consumers
and higher order carnivores, and animals that feed
from more than one trophic level have trophic
omnivory or non-integer trophic levels. So, real
consumers, which tend to have general diets, do not
usually have TL with integer values (Christensen and
Pauly, 1992). The equation corresponding to TL for
any consumer species i is:

TL=1+Z(TL;DC,), (1)
where TL, is the “fractional” (i.e., non-integer) trophic
level of the prey j, and DC; represents the fraction of
j in the diet of i (Christensen and Pauly 1992). In this
study, trophic level estimates for 49 species, based on
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their diet composition, were found in FishBase (www.
fishbase.org), the global online database on fish, and
in the Sea Around Us (see www.seaaroundus.org)
database (Table 1). As described by Pauly et al.
(1998), estimates of the mean trophic level of the
catch (MTI) for each year of period (2002-2011)
were calculated as:

MTI=XTL;Y,/ZY;, ()
where MTI, is the mean trophic level of landing in the

total year of the period, ¥; the landing of species i in
year j and TL, is the trophic level of species i.

2.3 The Fishing-in-Balance (FiB) index

The fishing-in-balance (FiB) index (Pauly et al.,
2000b) was used to indicate whether fisheries in
Hormuzgan coastal waters are balanced in ecological
terms. According to Pauly et al. (2000b) and
Christensen (2000), the FiB index for any year i in a
series was estimated as follows:

FiB=log[Y,(1/TE)™]-log[ Y,(1/TE)™], 3)
where Y;is landings during year i, TL; the mean TL of
the landings during year i, TE the trophic efficiency
(here set at 0.10), and Y, and TL,, are the landings and
mean TL during the first year of the series (Pauly et
al.,2000b).The FiB index remains constant (FiB=0) if
the TL-changes match ‘ecologically appropriate’
changes in landings. When the FiB index decreases
(FiB<0) this may indicate that fisheries withdraw so
much biomass from the ecosystem that its functioning
is impaired. An increase in FiB (FiB>0) indicates
expansion of a fishery beyond the initial ecosystem to
stocks not previously exploited or only lightly
exploited, or else that bottom-up effects have occurred.
Spearman’s rank correlation (7,) was used to show the
relationships between MTI and year, and MTI and
landings.

2.4 Determination the changes in the landing
profiles over time

Variation in the landing profiles (LP) over time
(one decade) were defined by two statistical
techniques: cluster analysis and non-metric
multidimensional scaling (nMDS) using PRIMER v5
software that allow significant patterns in the data to
be recognized (Clarke and Warwick, 2001). These
methods were performed using the Bray-Curtis
similarity index. So that prior to calculation, the
landing catches (Y;) were log(x+1) transformed to
reduce the contribution of the more abundant species
to Y, (Jaureguizar and Milessi, 2008). Significant

Vol. 35

differences in catch profiles over time, between year
groups identified by cluster and NMDS analysis, were
tested by One-Way Analysis of Similarity: ANOSIM
(Clarke and Warwick, 2001), whose null hypothesis is
no changes in landing profiles between year groups.
Based on ANOSIM, significance level and R-statistic
values for pair-wise comparisons were derived, and
the dissimilarity between year groups detected
[R-statistic values near 1 indicate significant
differences in species composition and when near 0
indicate no significant difference] (Clarke and
Warwick, 2001). Eventually, to observe the changes
in landing profiles over time, we performed an
analysis of similarity percentages (SIMPER; Clarke,
1993) to identify the species in the landings that are
most responsible for these differences using the Bray-
Curtis similarities between samples. Then by the
similarity percentage procedure (SIMPER) the
species that on average contributed strongly to any
year group were quantified and ranked. For this
purpose, the species that is most abundant within a
group is that which contributes the most to the intra-
group similarity, while a useful discriminating species
is one with a consistently high contribution to the
dissimilarity between groups (Clarke and Warwick,
2001). Therefore, in each year group, we categorized
target species as common (if they contributed to the
top 50% of the average similarity within the year
group (I, I)), or discriminators (if they contributed to
the top 70% of dissimilarity between year groups, and
had a low ratio of average dissimilarity to its standard
deviation) (Clarke, 1993; Clarke and Warwick, 2001;
Jaureguizar and Milessi, 2008). This procedure uses
the standard deviation of the Bray-Curtis dissimilarity
matrix attributed to a species for all species pairs,
compares it with the average contribution of a species
to the dissimilarity and it allows the average
contribution to be measured of a species to
dissimilarity between year groups (Clarke and
Warwick, 2001; Jaureguizar and Milessi, 2008). In
order to observe changes in the contribution of each
group to the total landings of the defined period
(2002-2011), the exploited species were also
categorized into crustaceans and mollusks,
chondrichthyan fishes, demersal fishes, small and
medium pelagic fishes, and large pelagic fishes.

3 RESULT

Figure 2 shows the annual landings in the Persian
Gulf, Hormuzgan province. It can be seen from the
figure that, apart from a slight decrease in 2003, the



No.3 RAZZAGHI et al.: Mean trophic level of coastal fisheries landings in the Persian Gulf

Table 1 Trophic level (TL), derived from FishBase and Sea Around Us database, of the main species landed from the Persian

Gulf (Hormuzgan Province), from 2002 to 2011

Common name Scientific name TL Group
Black tip sardinella Sardinella melanura 2.9 Small pelagics
Bloch’s gizzard shad Nematalosa nasus 2.7
Skinny cheek lantern fish Benthosema pterotum 3.1
Hilsa shad Tenualosa ilisha 2 Medium pelagics
Indo-Pasific king mackerel Scomberomorus guttatus 4.3
Trigate tuna Auxis thazard 43
Black king fish Rachycentron canadum 4 Large pelagics
Black skipjack Euthynnus affinis 4.5
Indian mackerel Rastrelliger kanagurta 32
Longtail tuna Thunnus tonggol 4.5
Mahimahi Coryphaena hippurus 4.4
Narrow-barred Spanish mackerel Scomberomorus commerson 4.5
Pickhandle barracuda Sphyraena jello 4.5
Skipjack tuna Katsuwonus pelamis 43
Talang queenfish Scomberoides commersonnianus 4.5
Wolf-herring Chirocentrus nudus 4.2
Yellowfin tuna Thunnus albacares 43
Bartail flathead Platycephalus indicus 3.6 Demersals
Bigeye croaker Johnius spp. 3.65
Black pomfret Parastromateus niger 2.9
Cuttle fish Sepiidae 3.6
Fourfinger threadfin Eleutheronema tetradactylum 43
Gaint trevally Caranx ignobilis 4.2
Greater lizardfish Saurida tumbil 4.4
Gulf parrotfish Scarus persicus 2
Indian halibut Psettodes erumei 4.4
Indian pompano Trachinotus mookalee 3.7
Japanese threadfin bream Nemipterus japonicas 3.8
Javelin grunter Pomadasys kaakan 35
John’s snapper Lutjanus johnii 4.2
Largehead hairtail Trichiurus lepturus 4.5
Mullet Liza macrolepis 2.6
Orangespot grouper Serranidae 39
Rabbitfishes Siganus 2.11
Red snapper Lutjanus erythropterus 4.5
Silver pomfret Pampus argenteus 3.1
Southern meager Argyrosomus hololepidotus 3.8
Spangled emperor Lethrinus nebulosus 3.31
Spotted catfish Arius maculatus 3.48
Spotted sicklefish Drepane punctate 33
Tigerthooth croaker Orolithes ruber 3.6
Yellowfin seabream acanthopacrous 32
Giant guitarfish Rhynchobatus djiddensis 3.6 Chondrichthyans
Green sawfish Pristis zijsron 4
Sharks or rays and chimaeras Sharks and rays 4
Shrimps and prawns Shrimps and prawns 2.7 Crustaceans and Mollusks
Spiny lobsters Palinurus 2.7
Swim crabs Portunus 3.4
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Fig.2 Annual landings (ton 10°) in Hormuzgan inshore water of Persian Gulf

a. total fishing; b. crustaceans and mollusks; c. chondrichthyan fishes; d. demersal fishes; e. small and medium pelagic fishes; and f. large pelagic fishes.

total of fishing increased gradually to about 170x103
tonnes in 2011 (R=0.88, P<0.001). Landings of
crustaceans and mollusks (R=0.82, P>0.05) show two
sharp peaks in 2005 and 2009, but their landings
showed no marked decline. However, landings of
small and medium pelagic fishes (R=0.93, P<0.05) and
large pelagic fishes (R=0.63, P<0.051) rose
significantly from 2002 to 2011. As the figure
illustrates, the landings of chondrichthyes (R=0.48,
P>0.05) and demersal fishes (R=0.46, P>0.05) showed
a non-significant upward trend. The analysis of
landings by fish groups showed that at the beginning of
the time series, total landings were dominated by large
demersal fishes and landings of small and medium
pelagic fishes while landings of chondrichthyans, as
well as mollusks and crustaceans, were less important
(Fig.2). At the end of the time series (2002-2004;
Fig.2b—f), landings of small pelagic fishes and then

demersal groups represented a higher fraction of total
landings (Fig.2d, e). There was a significant decrease
in MTI of the fish caught in Iranian province
Hormuzgan from from 2002 to 2011 (R=-0.69, P<0.05)
(Fig.3). The average rate of trophic level decline was
around 0.11 per decade. The lowest value for MTI
(3.87) was observed in 2008 that happened at the same
time as the sharp peaks in landings of crustaceans and
chondrichthyans. The maximum value of MTI (3.98)
was recorded at the beginning of the time series, which
coincided with the observed peak of large pelagic and
demersal fish landings.

The FiB index showed negative values from 2002
to 2009 (Fig.4) and positive values from 2009 to the
end of the time series. The decreases in the FiB index
from 2002 to 2005 and from 2006 to 2009 were driven
by the decrease in MTI during this period (Fig.4).
After reaching a minimum value of -0.15 in 2005, the
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FiB index increased to 0.15 in 2011.

Two main year groups were characterized using
the Bray-Curtis similarity index at a high similarity
level (83.5%) in the cluster analysis in the landing
profile for Persian Gulf (Hormuzgan Province). The
first group includes 4 years of the last decade (2008—
2011) and the second group was the rest of the years
of study (Fig.5). However, in the second group on the
basis of similarity level (87%), the first year of the
decade (2002) has been isolated from the rest of the
years (Fig.5). The nMDS displayed a low stress
(0.02), which was sufficient to provide a useful
exhibition of the data. In two dimensions, it gave the
same picture as the dendrogram (Fig.5). The
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Fig.5 Dendrogram of the cluster analysis and nMDS two
dimensional diagram showing resulting time blocks

By Cluster and nMDS analysis, were tested using the analysis of
similarity (ANOSIM, Clarke and Warwick, 2001), the significant
differences in catch profiles over time, between year groups
identified.

agreement in the results of these two methods (cluster
analysis and nMDS) confirms the validity of year
groups I and II as defining a clear temporal trend in
the landing composition from 2002 to 2011 (Fig.5).
Based on ANOSIM, the species composition was
significantly different between two-year groups
(P=0.005) and the R-statistic values (R=0.88)
calculated by analysis of similarity indicated a
relatively different species composition. Group I
defined the period from 2008 to 2011 (Fig.5), and
showed a landing composition average similarity of
90.37% (SIMPER, Table 2), and an average MTL of
3.93 (Fig.3a). In this group, the diagnostic species
that most contributed to the similarity of catch landing
composition were Thunnus tonggol, Sardinella
melanura and Thunnus albacores (Table 2). Group 11,
(2002-2007) (Fig.5), had an average similarity of
91.55% (Table 2) and an average MTL of 3.90
(Fig.3a). The species that most contributed to the
similarity of catch landing composition were
T. tonggol, S. melanura, Benthosema pterotum (Table
2). The results of the SIMPER test to determine the
species contributing the most to dissimilarity between
groups | and Il were B. pterotum (lantern fishes) with
an average dissimilarity of 2.34% and maximum
frequency in year groups I (Av=6.94), and T albacores
(tuna) with an average dissimilarity of 1.44% and
maximum frequency in group II (Av=9.08).
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Table 2 Average landing (Av. Land., t), percentage of
landing contributions (contr. %) and cumulative
percentage of landing contributions (cum. %) for
each species within the time blocks

Average sini?gfiti?;(l).ﬂ species Av. land Contr. % Cum. %
Thunnus tonggol 16.25 7.76 7.76
Sardinella melanura 16.07 7.76 15.51
Thunnus albacares 9.08 5.13 20.65
Euthynnus affinis 5.86 4.77 25.42
Caranx ignobilis 4.58 4.11 29.53
Sharks 4.22 3.97 33.50
Scomberoides commersonnianus 3.63 3.67 37.17
Scomberomorus commerson 3.50 3.52 40.69
Scomberomorus guttatus 2.55 3.16 43.85
Sphyraena jello 2.75 3.09 46.95
Shrimps and prawns 2.90 3.09 50.04

Average siri(i)l(ﬁiti?gz.ﬁ species Av. land Contr. % Cum. %
Thunnus tonggol 23.87 9.63 9.63
Sardinella melanura 18.29 8.46 18.09
Benthosema pterotum 6.49 4.84 22.93
Euthynnus affinis 5.06 4.41 27.34
Caranx ignobilis 3.87 3.79 31.13
Sharks 3.73 3.78 3491
Scomberomorus commerson 3.47 3.61 38.52
Auxis thazard 3.63 3.61 42.13
Trichiurus lepturus 3.35 3.43 45.56
Scomberoides commersonnianus 2.64 3.30 48.86
Sphyraena jello 2.71 3.09 51.95

4 DISCUSSION

The Persian Gulf is a semi-enclosed, shallow sea
adjoining ocean waters through the Strait of Hormuz.
Historically has been vulnerable to pollution, mainly
because of its unique oceanographic characteristics.
The present study clearly indicates that there have
been significant changes in the structure of the fish
communities and fishery landings in the Persian Gulf
(Hormuzgan Province) over the past decade (2002—
2011) by an increase in the landings, FiB and decline
in MTL. Pauly et al. (2000a) also found major changes
in the fish communities and landings to have occurred
in the northeast Atlantic, where trophic level plunged
from a peak of nearly 3.7 in 1965 to only 2.8 in 1997.
The increase we found in the landings data, from
122160 t in 2002 to 169 192 t in 2011 was slightly
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stronger than the increase recorded by Milessi et al.
(2005) for Uruguayan landings during the period
1990-2001. The increased total landings may be
related in part to technical innovation and the
development of new fishing gear designs. We can
observe that the MTI has shown a fluctuating decline
since 2005 (Fig.3a), terminating in a moderate decline
in MTI (3.98 to 3.87) over the time periods concerned.
This may be, due to variation in species-group landing
composition within the total landings, as, for example,
the high-level carnivores and large pelagic fishes
(e.g., tuna: 7. tonggol) made higher contributions to
the total landings than detritivores and mid-level
carnivores during the time period concerned
(Fig.2a—f). The moderate declinein MTL (AMTL=0.11
trophic level per decade) in Hormuzgan Province
waters of the Persian Gulf is similar to the rate
(AMTL=0.10) reported by Pauly et al. (1998) at a
global scale. Top predators and high-level carnivores
such as tuna (TL=4<) have been largely replaced by
small, fast-growing forage fish and invertebrates
(TL=2.0-3.0). In marine ecosystems, the removal of
large predators has cascade effects on the food webs
(Jackson et al., 2001). The moderately decline of the
MTI provides evidence of probable fishing down of
the marine food web in this ecosystem, and its relation
to technical issues (data availability and fishing
behavior or extent of fishing) (Shannon et al., 2014).
The development of technology and the demand of
the fisheries during this decade have led to
overexploitation of marine resources, particularly of
the small, medium and large pelagic fishes, with the
subsequent result that MTI has declined. Nonetheless,
it is unclear whether this general decrease in MTI of
landings and the lower TL species fished is caused by
selection or by alteration of the marine food web
(ecosystem collapse), although fishing activities are
not the only factor that can influence the total biomass
or the structure of an ecosystem. Environmental
changes, modifications of some migration patterns,
epidemic diseases, and economic factors also have a
major impact on distribution and abundances of fish
species (Hannesson, 1999). In spite of the fact that a
decrease in the abundance of high trophic level
species will eventually have a negative economic
outcome, a reduction in MTI of the fish community
may allow the system to sustain higher fishery yields
overall (Hannesson, 1999). In the Persian Gulf despite
the growth of the oil industry, there is no coordinated
and effective regulatory framework in force to control
oil pollution (Turgut, 1993). Scientists believe that
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under these conditions of the Persian Gulf, fish,
particularly high trophic level fish, can survive, but
they become inedible (Haedrich and Barnes, 1997).
The low trophic-level fishes seem to be more sensitive
and vulnerable to this condition. Heavy contamination,
of course, will cause the death of low and high trophic
levels fish directly. The effect of oil pollution on the
fisheries will also cause great suffering for several
fishing communities (Gulland, 1987). Our results
show that the decreases in the FiB index from 2002 to
2005 were driven by the decrease reported in MTL
over the 10-year time series and indicate that the
fishery is unbalanced in ecological terms. After
reaching its minimum value in 2005, the FiB index
increased up until 2011 due to increases in landings,
which suggests that the fisheries were spatially
expanding into stocks previously not, or only lightly,
exploited or due to the evidence of an increased
possibility of the destroyed health of fisheries in this
area is that by-catch species (mollusks, crustaceans
and chondrichthyan fishes), which were previously
discarded by traditional fisheries, are now being
retained on board, increasing their importance in total
landings (Milessi and Defeo, 2002). This finding is
similar to that of Bhathal and Pauly (2008), who
observed that the FiB index for India decreased during
19561968 but that it has subsequently increased.
This may represent geographic over-aggregation in
the sense of Pauly and Palomares (2005), although it
could be argued that tuna (e.g., 7. tonggol) in these
analyses include a wide range of neritic fishes, over-
aggregate species in a taxonomic sense, rather than in
a bio-geographic sense (Pauly and Palomares, 2005).
The relationship between the fisheries landing
composition over time and the fishery behavior allows
us to assess specific causes for the observed trend in
the MTL and FiB indexes (Jaureguizar and Milessi,
2008). The number of species that are distinctly
identified during different fishery time periods from
2002-2011, define a clear landing profile trend. These
time periods (year groups I and II) have shown high
similarity in species composition (i.e. 7. fonggol, S.
melanura) and species have been identified as
discriminator species (i.e. T. albacares, B. pterotum)
(Tables 2 & 3). Hence, the result shows that changes
in the fisheries landing composition between year-
groups I and II during this period (2002-2011) were
more affected by these two species than by the other
species. In this study, the number of species assigned
to B. pterotum had significantly increased in the year-
group . In contrast, 7. albacores had decreased by the

last years of the period. The results indicate that
changes in MTL reflect changes in the community,
supported by Pauly et al.’s (1998) hypothesis that
showed that the landing data can be used as ecosystem
indicators at a local scale. As noted by Caddy et al.
(1998), by Caddy and Garibaldi (2000), a decline in
MTL of the landings could in some cases result from
a bottom-up effect due to an increase in nutrients in
marine production systems and biomass resulting in
catches of lower trophic-level (e.g., lantern fishes and
shrimps) and small pelagic fishes (e.g., sardinella).
Such a decline would lead to lower-TL fishes, and a
decrease in the computed mean TL, even if all levels
of the food web are being exploited at a constant rate
(Jaureguizar and Milessi, 2008). Furthermore, MTL
could be sensitive not only to fishery-induced changes
at the ecosystem level but also to economic and
technological factors. So, based on the provided
evidence (MTI, FBI, and LP), it is probable that a
long-term fishing down trend is occurring in this area,
and that this trend may continue into the future.
Therefore, an ecosystem-based approach and
conservation programs should be prioritized for the
Persian Gulf (Hormuzgan inshore waters).

5 CONCLUSION

This study contributes to other studies within our
project particularly those dealing with interactions
between marine trophic levels and fisheries
economics, as well as estimates of biomass for long-
term environmental and sustainable fisheries
management. Due to the significant and decreasing
trend in MTI, our analysis concludes that fishing
down marine food webs has influenced the fish
community in the Persian Gulf (Hormuzgan
Province).
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