' lsaas E and Tskiiras A (2010) Applying the Marine Trophic
Index in the northern Levantine Sea. pp. 353-361 In Bengoa M
and Powell D (eds.), TOP Biodiversity: Threats,

Opportunities and Paces, Cyprus 2010. Intercollege-Larnaca,
Larnaca, Cyprus.
TOP Biodiversity 2010 - Conference Proceedings
Intercollege-Larnaca, Cyprus

APPLYING THE MARINE TROPHIC INDEX IN THE NORTH LEVANTINE SEA

EVAGORAS A. [sAlAs
Oceanography Centre, University of Cyprus, P.O. Box 20837, 1678 Nicosia, CYPRUS, +35799207087,
laauss Fyagoras@ucy accy

ATHANA$8:0S C. TSKLIRAS
Department of Ichthyology and Aquatic Environment, University of Thessaly, 38446 Nea lonia,
Volos Greece, +30 24210 93083 taiklitns@uth.gx

Abstract

The Marine Trophic Index (MTI) is a biodiversity indicator of ecosystem health mainly
measuring the effects of fishing and fisheries pn ecosystems, which relies on the mean
weighted trophic level of fisheries landings, but excludes low trophic level species (those
below trophic level of 3.5). The annual landings statistics were extracted from the General
Fisheries Commission for the Mediterranean (GRCM) dataset for all available records since
lmbrﬂwme{umSea(GlOAmaBJ).mmdmmwm&amm
generally increased between 1970 and 1985 indicating that fisheries were geographically
and bathymetrically expanding and that new stocks were exploited. Following 1985, the
MTI declined rapidly to a lowest value of 3.74 in 2003. The rate of decline in the North
Levantine Sea for the period 1985-2005 was 0.07 per decade, far exceeding the declining
rates calculated so far for the entire Mediterranean Sea. MTT decline indicates that the
larger, higher trophic level species are removed from the fishery at higher rates compared
to the small-bodied lower trophic level ones. Thus, the landings are progressively
dominated by smail-bodied species and their mean weighted trophic level declines, a
phenomenon termed fishing-down. The species replacement as revealed by the MTI
decrease demonstrates biodiversity loss in the North Levantine Sea, while the process of
fishing-down is an indicator of absent sustainability and ecosystem health in the area.

Introduction

A number of important scientific findings have been documented over the past decade
concemning to the functioning of marine ecosystems. Recent achievements in marine research
include the description of long-term patterns of change (climate change) with reference in inter-
decadal cycles, teleconnections and regime shifts (for a review see [1]) and/or trophic cascades
[2], food webs (3], biodiversity (1] and overfishing [e.g. 3, 4].

Overfishing has long been recognized es a leading environmental and socioeconomic
problem, which has reduced biodiversity and modified ecosystem functioning [S5]. Selective
exploitation can change the size and age structure of populations if the frequency of extraction is
shorter than the generation time of some of the species involved. Changes in the mean size of the
ﬁshuu@tmdﬂ\emuopmclevd(ruofﬂmm\dh\@asamueqmdﬂ\e
sequential removal of top predators and the selective character of fisheries are well documented
(3]. Moreover, the global ocean has lost more than 90% of large predatory fishes [6]. The same
time global catches declining (7], fishery-induced [8] top-down effects are evident in coastal [4]
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and shelf [9] ecosystems, with the open oceans ecosystems being not well studied because of the
lack of information [6]. Additionally, commercial fisheries discard large quantities of dead fish
annually, a practice that may severely affect the energy flow in marine ecosystems dOCﬂmenﬂng
the cascade through the food chain of fishing impacts on marine ecosystems [1].

The extensive and non-sustainable exploitation of fisheries resources during the last century
(after the industrial revolution and the modernisation of fleet and gear {10]) have catastrophic
consequences and provide enough information to document habitat degradation, population
declines and extinctions, as well as ecosystem changes [3, 4, 11-14]. Industrial fishing over the
past half-century has depleted the top predators in aquatic food chains (14] and consequently
fisheries are increasingly relying on the smaller, short-lived fishes and on the invertebrates from
the lower parts of both marine and freshwater food webs [15] with the mean TL of the species
declined from 1950 to 1994 [3]. .

For the evaluation of the status of fisheries as well as their ecological footprint, an established
method is to test for the existence of fishing down the marine food webs. Ecologically, fishing
down can be explained based on the relationships between fishing, sizes of organisms fished, and
their TLs (16]. In general, fishing selectively removes the largest organisms. Since TLa in marine
organisms generally increase with size, intense fishing lowers the relative catch contribution of
large-sized, high TL organisms {16). As a result, landings are progressively dominated by small-
sized fishes (i.e., the mean TL of the catches declines) [16]. Fishing down can be put into practice
using the Marine Trophic Index (MTI) {15], which actually is the mean TL of landings for a cut-off
value of TL (i.e., MTI emphasizes changes in the relative abundance of the high TL species that
are generally more threatened by fishing) [16].

This contribution is the first attempt to highlight management practices of fisheries resources
in the area of Levantine Sea. We test the hypothesis that the mean trophic level of fisheries
landings has declined based on the Marine Trophic Index (15, 17] and the Fishing-in-Balance
index (FiB) [18], as measures of marine biodiversity and fisheries assessment.

Materials and methods

The Conference of the Parties to the Convention on Biological Diversity (CBD) identified the
Marine Trophic Index (MTI) as ane of the eight indicators for “immediate testing” of thetr ability
to measure and monitor progress toward reaching the target to “achieve by 2010 a significent
reduction in the current rate of biodiversity loss” {15, 17]. The term “MTI" is in fact the CBD'a
mmh&wmnmﬁclmlm)dﬂshmm,mmﬂyundbdmcdbehm
downphenomenon[:i].'rheindexisameasureofﬂ\edchmandabm\dmofhmm
trophic-level fish species and finally measures overall ecosystem health and stability, but also
serves as a proxy measure for overfishing.

The mean weighted mean trophic level of the fish landings [15] for each year (k) was
estimated in the fishing subareas using the landings of all species and their trophic levels:
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where Yi refers to the landings of a species (or group of species) i, and TL is the trophic level.
The trophic levels were taken from studies {19, 20] that provide estimates for Mediterranean
fishes, and when not available, from FishBase [21) (www fishbase.org). As a cut-off MTT value we
used 3.5, the trophic level threshold which excludes small- and medium-sized pelagic species (Le.
European anchovy Engmaulis encrasicolus, European sardine Serding pilchardus, round sardinella
mem).mnbmmwmmdmmﬂmumﬁyu\dmybe
affected by climatic perturbations [e.g. 22]. Low TL species (cut-off MTI value 3.5) with rapid life
history strategies (rapid growth, early maturation, short generation time, short lifespan and small
body size) are known to respond quickly and be affected the most by climate fluctuations (Perry
et al. 2005). Because of thelr rapid population characteristics, small pelagic species are amang the
most susceptible groups of fish to climatic and environmental changes (Blaxter & Hunter 1982;
Cole & McGlade 1998). Higher TL spedies (TL > 3.5) are not affected since the species-specific
reactions may be immediate or time-lagged (McCarty 2001) depending on the rate of population
tumover. The effects of climate change on the ecology of aquatic organisms may vary from direct
(through temperature and precipitation) to indirect (through habitat modification and food
supply). : )

The Fishing in Balance index (FiB), which complements the MTT analysis, was calculated per
year (k) as follows [18]:

(3]

where Y is the catches, TL is the mean trophic level of the catch, and the subscript 0 refers to the
first year in a time-series that is used as a baseline. FiB attains a value of 0 for the first year of the
series and does not vary in periods in which trophic level and catches change in opposite
directions. Increasing or decreasing FiB values indicate a geographic expansion or contraction (or
collapse) of the fishery in concern, respectively {18).

The annual landings statistics were extracted from the General Pisheries Commission for the
Mediterranean (GFCM) dataset {23] for all available records since 1970 for the Levantine Sea
(GFCM area 3.2). The landings of the North Levantine Sea (Cyprus, Lebanan, Syria, and Turkey)
were included in the analysis and the landings of the southern part of the sea (Egypt, lsrael, and
Palestine) were excluded. The dataset accounted only for the landings actually derived from area
3.2 and ignored the catches of the above countries that were taken elsewhere.

FiB =
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Results

The MTI of the North Levantine Sea landings generally increased between 1970 and 1986. For
that period, the lowest value of MTI was recorded in 1975 (3.68) and the highest in 1986 (4.01).
The increase was strongly linear (F'=0.79) and the rate of MT1 increase was 0.2 per decade (Figure
1). The higher MTI values were recorded in 1980-1985 and suggest that the fisheries were
geographically and bathymetrically expanding in that period and that new stocks were exploited.
Following 1986, the MTI declined rapidly to a lowest value of 3.74 in 2005. The decline was again
strongly linear (#=0.46). The rate of decline in the North Levantine Sea for the period 1985-2005
was 0.07 per decade, far exceeding the declining rates calculated so far for the entire
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Figure 1. The Manine Trophic Index variability for the period 1970-2005.
Open circles refer to the ascending part of the dataset and solid ones to the
descending one on which the trend line was fitted.
Mediterranean Sea (Figure 1).

The fishing-in-balance index (FiB) increased for the period 1971-1992 exhibiting interarnual
variations and gradually declined thereafter. Its lower value (-0.171) was recorded in 1972 and its
higher (0.715) in 1992 (Figure 2). Following the FiB decline, its most recent value was 0.322 in
2005. The declining trend of FiB was steeper compared to the increasing trend.
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Figure 2. The fishing in balance (FiB) variablity for the period 19702005,

Discussion

The main threat to marine biodiversity is exploitation, which has resulted in habitat
degradation, population declines and extinctions and ecosystem changes {3, 4, 11-13, 16). Because
Mmbammumdwmqmmmdmmqmmededw
support conservation and fisheries management [11, 15]. Biodiversity indicators must summarize
in a single number a variety of complex processes that are otherwise hard to apprehend and must
also allow for communication and, ideally, for intervention {11, 15, 24]. MTI satisfies all
characteristics of a biodiversity indicator as it summarizes complex and disparate sets of data and
thereby simplifies information, it is besed on comparable scentific observations and statistical
meagures, and provides a message that can be communicated and used by decision makers,
stakeholders and the general public [25-27).

The MTI was applied here for a cut-off MTI value 3.3 which excludes low TL species such as
small pelagics. Climate fluctuations affect directly (through temperature and precipitation) or
indirectly (through habitat modification and food supply) the ecology of marine organisms. Low
TL species (cut-off MTI value 3.35) with rapid life history strategies (rapid growth, early
mmﬁmahongumﬂmm,dmufapmmdmnbodym)mhwnwrespmd
qdcuyandbeaﬁemdﬂnmbydimuﬂmm[ml.mdmwmpidpopuhﬂm
memmmmmwmd&wm
and environmental changes [22, 29]. Higher TL species (TL > 3.5) are not affected stnce the
species-specific reactions may be immediate or time-lagged [30] depending on the rate of
population turnover {22].

MTI deline in the North Levantine Sea indicates that the larger, higher trophic level species
are removed from the fishery at higher rates compared to the small-bodied lower trophic level
ones. Thus, the landings are progressively dominated by small-bodied species and their mean
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weighted trophic level declines. The species replacement as revealed by the MTI decrease
demonstrates biodiversity loss in the North Levantine Sea, while the process of fishing-down is
an indicator of absent sustainability and ecosystem health in the area. The lack of fisheries
sustainability was confirmed by the rapid decline of FiB index after 1992.

In the Mediterranean, the trophic level variability has been well documented [31]. In the
Western Mediterranean, significant decrease in anglerfish, demersal sharks, anchovy and sardine
has been shown, while there was an increase in red mullet, flatfish, juvenile hake and horse
mackerel [32]. Intense fishing activity during the period from 1978 to 2003 in the South Catalan
Sea (NW Mediterranean) was an important driver of the structural and functional changes in the
marine ecosystem, in conjunction with environmental factors (32]. Ecosystem changes in the
South Catalan Sea from 1978 to 2003 included a change in the biomass of several commercial and
non-commercial species, the proliferation of non-commercial species, the decrease of the mean TL
of&\ecommunityandofbiomssdivmiry,mddmeincreaseofwmlflowtodetritusandthe
demersal/pelagic ratio [32].

Furthermore, a recent study demonstrated that the Mediterranean is being “farmed up” and
revealed the masking of the full extent of “fishing down” in the Mediterranean [33]. In the
eastern Mediterranean, a study from the Hellenic Seas (Aegean, Cretan and lonian Seas) (34)
showedtha(in&wmainpanof&eAegeanSead\emanTLof&wlandingshasdecreased
during the period from 1964 - 1997. The Aegean fisheries resources were not sustainable as
previous results of both field and catch-effort studies [35) indicated. Similar results documenting
ﬁshh\gdownpl‘mwmemnhavebeenpubuahedforﬁ\elox\imSea[MLd\eAdﬂaﬁcSea[%,W]
mddeaﬁcelagoon[BS].IhelzvmﬁmSeaismtyetreporhdwbeﬁsheddowt\,aswellu
the North Levantine which includes Cyprus waters.

This is the first study that reveals that “fishing down the marine food web” has been common
the last years in the area of North Levantine waters. The decline in MTI documented here (Figure
1)mdicatesawabmweofsmmimbmtyofﬁﬂwdesmmeprium”weuuln
management system. To further test this phenomenon and provide the best scientific information
mdmmwwm,mmmmmmmmmammm
d\eﬁeldsofh'ophicecologymduophklnmaiomamgmmfoodwebs,ismeded.'l‘he
estimation of fractional trophic levels from stomach content and diet data [19, 20], as well as from
subleisowpes[w,w]willprovidemebasistoi)conﬂm&efh\dh\spmdreoonm\damof
the present study, ii) to check whether TL estimations provided by FishBase {www fishbase.org;
21) anbeappliedhlevmﬁneSea,chhisdeaaibedasmulm—oﬁgoﬂochm@m[ﬂ] due to
phowhmmnndndmmdm)bapplymmbwaspaﬁalmdwmpadmoluﬁmcheckmg
amoﬁmvaﬁnblaﬂmuopldcdsmmm[ﬂ,ﬂ]ofﬁdﬂngﬂeﬂmdgw.?mﬂmm,
m\piﬂmlhwwhdgemgardmsﬁamﬂumavdhbimychwammddbe
m&dpuﬁnghpmﬁceﬂdmiesuophkmbgymdbidogy,ﬁdo@calmmgnphyuﬂ
modelling ecosystem functioning and interactions using the “Ecopath with Ecosim” [18]
approach with the above only being applicable through cooperation between scientists in
Turkish- and Greek-Cypriot communities.

Mamgemenuystemmmesmdiedammustbeadaptedsoashobesusuimble.uoaomfmm
the past, as well as from other areas in the world must be taken into consideration. The failure of
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traditional management approaches has led to a growing interest in “ecosystem-based
management” as a promising alternative strategy (19, 44-47).
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