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Abstract
Trophic indicators to measure the impact of fishing on an exploited ecosystem.— There is currently a global 
call for more use of an ecosystem approach to fisheries management (EAFM) to provide a holistic view of 
ecosystem–fisheries interactions. Trophic indicators could therefore be used to support the implementation of 
an EAFM by providing information on the state of the ecosystem. In this paper we propose a set of indicators 
such as the marine trophic index (MTI), the fishing in balance (FiB), the cutmarine trophic index (cutMTI) and 
the pelagic/demersal index (P/D) to assess the dynamics and the trophic changes in the Black Sea large ma-
rine ecosytem from 1970 to 2005. Our analysis shows a heavily exploited ecosystem  where overfishing and 
anthropogenic eutrophication are probably responsible. The decline of the MTI, cutMTI and FiB together with 
the rising trend of the P/D index could be interpreted as a fishing down marine food web process with a strong 
decrease in abundance of high trophic level species and a considerable increase of low trophic level species.
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Resumen
Indicadores tróficos para medir el impacto de la pesca en un ecosistema explotado.— Cada vez son más fre-
cuentes las iniciativas para la aplicación de un enfoque del ecosistema para la gestión de la pesca (ecosystem 
approach to fisheries management, EAFM) que proporciona una visión holística de las interacciones entre la 
pesca y el ecosistema. Los indicadores tróficos pueden ser herramientas ideales para la aplicación de EAFM 
proporcionando información sobre el estado del ecosistema. En este trabajo se propone un conjunto de indi-
cadores tales como el índice trófico marino (MTI), el índice pesca en equilibrio (FiB), el índice trófico marino 
rebajado (cutMTI) y el índice pelágicos/demersales (P/D) para evaluar la dinámica y los cambios tróficos en el 
Mar Negro desde 1970 hasta 2005. Nuestro análisis muestra un ecosistema muy explotado, donde la pesca 
excesiva y la eutrofización antropogénica son probablemente los responsables. El decremento en la tendencia 
del MTI, el cutMTI y el FiB conjuntamente con el incremento de la proporción P/D, se podría interpretar como 
una situación de la red trófica marina debida a la sobrepesca (fishing down marine food weeb situación). 
Este fenómeno implica una fuerte disminución en la abundancia de las especies de alto nivel trófico y un 
considerable aumento de las especies de bajo nivel trófico.

Palabras clave: Indicadores tróficos, Enfoque del ecosistema para la gestión de la pesca, Mar Negro.
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Introduction

The sustainability of the present fishery system is 
being questioned and failure of the traditional stock 
assessment and management is generally recognized 
(Garcia & De Levia Moreno, 2003). Sources of failure 
are many and varied for different types of fishing. In 
general, the failure can be attributed to the type of 
approach used, inadequate to capture multispecies 
and ecosystem effects (Cury et al., 2004). Considering 
factors that impact marine resource populations in a 
context beyond just the species level is one of the prin-
cipal problems (Christensen et al., 1996). It has led to 
greatly simplify the nature and dynamics of resources, 
neglected the socio–economic dimensions of fisheries 
and the trophic relationships between species. The 
main consequence has been a series of ecological and 
economic collapses in numerous important fisheries in 
many parts of the world (Pauly et al., 2000a).

These considerations led to the new ecosystem 
approach to fisheries management (EAFM) which is 
a more holistic approach to resource allocation and 
management (Larkin, 1996). The FAO defined the 
EAFM as the extension and integration of conventional 
methods of management of marine resources, stress-
ing the close interdependence between the welfare 
of humanity, the preservation of the environment and 
the need to maintain productivity of ecosystems for 
present and future generations (Ward et al., 2002; 
García et al., 2003).

The aim of an EAFM is to sustain an ecosystem 
in a healthy, productive and resilient condition so 
that it can continue to provide the services humans 
want and need (Link, 2002). To make this new type 
of ecosystem management possible, new viewpoints 
and tools must be developed to facilitate communica-
tion between managers, stake holders and scientists.

Acknowledging ecological interactions is a key point 
for an EAFM (Cury et al., 2003). The power of eco-
logical processes such as trophodynamic interactions, 
i.e. predation and competition, has been identified as 
being of enormous importance in fish population dy-
namics (Bax, 1998). This involves two major problems 
in fisheries management. The first is the decrease in 
food resources on which some components of the 
ecosystem survive, necessitating the elimination of 
other localities or cause depletion (Link, 2002). The 
second is the indirect effect of decreasing fish biomass 
on the functioning of ecosystems (Cury et al., 2003).

Therefore, there is a need for descriptive indica-
tors (Murawski, 2000) that reflect and describe the 
complex interactions between fisheries and marine 
ecosystems (Pauly & Watson, 2004). 

Trophic indicators can help describe these in sim-
pler terms that can be understood and used by non–
scientists to make management decisions. Indicators 
could therefore be used to support the implementation 
of an ecosystem approach to fisheries management 
(EAFM) by providing information on the state of the 
ecosystem, the extent and intensity of effort or mor-
tality and the progress of management in relation to 
objectives. Indicators should guide the management 
of fishing activities that have led to, or are most likely 

to lead to, unsustainable impacts on ecosystem com-
ponents or attributes (Cury et al., 2005).

The potential danger of interpreting a single indi-
cator may be that it does not analyze the causes of 
the observed trajectory or understand the dynamics 
of fisheries (Pennino et al., 2011). The application of 
a set of trophic indices could possibly resolve this 
problem. The weaknesses of one index are overco-
me by others that allow us to understand what has 
occured in past years in this ecosystem on a macro 
scale (Pennino et al., 2011). 

In this paper we suggest a selection of indicators 
concerning TL to measure the impact of fishing on the 
Black Sea fish community, focusing on their meaning 
and sensitivity to fishing impacts. 

Material and methods

The study area

The Black Sea is the world’s most isolated sea, 
connected to the oceans via the Mediterranean Sea 
through the Bosphorus, Dardanelle and Gibraltar 
straits, and linked to the Sea of Azov in the northeast 
through the Kerch Strait (http://www.icpdr.org).

The Black Sea is a highly productive ecosystem 
(> 300 g / cm2 year1) with a continental climate. The 
fluvial discharge (Balkas et al., 1990), the natural win-
ter production (Sur et al., 1994; Nezlin et al., 1999) the 
presence in summer of upwelling and a strong density 
stratification, make the Black Sea the largest anoxic 
basin of the global ocean (Sea Around Us, 2007). 
The deep waters do not mix with the upper layers of 
water that receive oxygen from the atmosphere. As 
a result, over 90% of the deeper Black Sea volume 
is anoxic water (Oguz & Ducklow, 1999). The most 
peculiar feature of the Black Sea is the absence of 
marine life at depths beyond 150–200 m, except 
for a few anaerobic bacteria (The Encyclopedia of 
Ukraine, www.encyclopediaofukraine.com). Living 
organisms are concentrated in the shallow waters 
of the continental shelf and river mouths along the 
northwestern coast. The number of alien species 
recorded at the regional level amounts to 217 (Sea 
Around Us, 2007). This number, together with the 
high level of pollution, suggests a serious impact on 
the native biological diversity in the he Black Sea and 
negative consequences for human activities.

The data set

In this study we used the fishery landings of the Black 
Sea large marine ecosystem (see www.lme.noaa.gov 
for more details) for the years 1970–2005. 

Fishery data and TLs of the species were extracted 
from the database in http://www.seaaroundus.org. The 
data set consists of recorded nominal catches and does 
not include discarded species. Specific landings were 
grouped into 11 trophic groups taking their trophic level 
into account (table 1). 

All indexes described were applied to this database 
to obtain an integrated vision of the environmental 
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and fishery problems of the Black Sea ecosystem 
and to test their performance.

Also, each series of indicators was smoothed using 
a locally weighted scatterplot smoothing, LOESS, 
which estimates a polynomial regression curve using 
local fitting (Cleveland, 1979). Bootstrap methodology 
was applied to assess variability. A 95% confidence 
band obtained from the bootstrapped samples was 
calculated for the original LOESS fit. Bootstrap (Efron, 
1979) is a computer–intensive method that quantifies 
uncertainty for a large range of problems. It is based 
on resampling from an original sample of data to 
create replicate datasets and it provides inferences 
on the quantities of interest.

Finally, the standard error of the TL was included 
in the bootstrap procedure for the indicators derived 
from the TL, such as MTI, FiB, and the cutMTI.

All calculations were made with R (R Development 
Core Team, 2008).

Fishery ecosytem indicators

The marine trophic index – MTI 
In February 2004, the Conference of the Parties to the 
Convention on Biological Diversity (CBD) recognized 
a number of indicators to observe the decrease in the 
current rate of biodiversity loss (CBD, 2004). The MTI 
is one of these indicators.

MTI is calculated from a combination of fisheries 
landings and diet composition data of the landed fish 
species. It is computed, for each year k from:

MTIk = ∑i (TLi )(Yi ) / ∑ i Y i

where MTI is the mean trophic level of landing in year 

k, Yi refers to the landings of trophic group i and TL 
is the trophic level of trophic group i.

Fishing often targets the highest predators, allowing 
individuals at the next TL to expand in numbers, lead-
ing to excessive grazing on the level below, reduced 
predation on the level below that, and so on, alternately, 
down to the base of the food chain. These 'trophic 
cascades' can, in extreme circumstances, be disastrous 
for marine ecosystems (Daskalov et al., 2007).

 Pauly et al. (1998) showed the global declining 
trend of mean TL of catches from 1950 to 1994 
based on the FAO dataset. The proposed explanation 
for this phenomenon, now widely known as 'fishing 
down marine food webs' (FDFW) is that the fishery 
catches are shifting from large, high–TL species to 
the small, low–TL species in response to their relative 
abundance in the ecosystem.

The fishing down marine food web effect has also 
been shown in Thailand (Christensen, 1998), Canada 
(Pauly et al., 2001), Greece (Stergiou et al., 2000), 
Iceland (Valtỳsson & Pauly, 2003) and in many others 
countries (Pauly & Watson, 2004). This phenomenon is 
widespread because the high–TL species (e.g., large 
piscivorous fishes such as sharks, etc.), which are 
long–lived species with a low reproductive rate, are less 
resilient to overfishing and tend to be depleted quickly 
as compared to low–TL species, which are short lived 
and fast growing (Froese et al., 2004).

The cutmarine trophic index – cutMTI
The use of mean TL as a measure of impact of fishe-
ries on marine ecosystem was questioned by Caddy et 
al. (1998) who had in mind processes such as the eu-
trophication. This phenomenon of coastal areas may 
result in increasing abundance of planktivores, thus 
lowering mean TL. As a diffuse and general problem 
eutrophication can modify the ratio between predator 
and prey abundances, which could then be confused 
with effects of fisheries (Caddy, 1993). The analysis 
of this increase would lead by decreasing average 
calculated TL at a high inference TL fish depletion, 
although this cannot be reduced in absolute terms.

Pauly et al. (1998) noted a related problem due to 
fluctuations in the abundance of Peruvian anchoveta 
(Engraulis ringens), whose enormous catches strongly 
influence the mean TL of global catches.

To obviate this problem Pauly & Watson (2004) 
suggested that the MTI should in fact be based on time 
series that exclude low–TL organisms. This would lead 
to an indicator labeled cutMTI, with the ‘cut’ referring to 
the lowest (cut–off) TL value used in the computation. 
Pauly proposes the cut–off value of 3.25 (3.25MTI). With 
a cut–off value of 3.25 all TL–levels lower than 3.25 are 
removed from the computation of the MTI, to eliminate 
the herbivores, detrivores and the planktivores whose 
biomass tends to vary widely in response to environ-
mental factors (Pauly & Watson, 2004).

Fishing in balance index – FiB
Marine ecosystems operate as pyramids wherein the 
primary production generated at one TL is moved 
up toward the higher TL, with a huge fraction of 
that production being wasted in the process for the 

Table 1. Trophic groups with trophic levels (TL) 
and standard errors (SE).

Tabla 1. Los grupos troficos con los respectivos 
niveles troficos (TL) y errores estándar (SE).

Groups	 TL	 SE

Bivalvia	 2.02	 0.03

Crustaceans	 2.53	 0.7

Molluscs	 2.82	 0.8

Engraulidae	 3.11	 0.45

Flatfishes	 3.13	 0.32

Cupleidae	 3.15	 0.19

Scorpionfishes	 3.56	 0.45

Carangidae	 3.64	 0.32

Percidae	 3.66	 0.19

Gadidae	 4.05	 0.68

Sharks and rays	 4.15	 0.79
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maintenance, reproduction and other activities of the 
animals in the systems (Pauly & Christensen, 1995). 
Thus, notwithstanding our preference for catching and 
consuming large predators, deliberately fishing down 
should enable more of an ecosystem’s biological pro-
duction to be captured by fishing. However, to avoid 
waste here as well, any decline in the mean TL of the 
fisheries catches should, in this case, be matched by 
an ecologically appropriate increase in these catches, 
the appropriateness of that increase being determined 
by the transfer efficiency (TE) between TL. 

The average transfer efficiency between trophic le-
vels in marine systems is c. 10% (Pauly & Christensen, 
1995), Pauly et al. (2000b) predicted that a fall of 1 in 
the level at which a fishery operates would lead to a 
10–fold increase in potential catches. To study this effect 
Pauly et al. (2000b) and Christensen (2000) introduced 
the fishing in balance (FiB) index as following: 

FiBk = log [Yk · (1/TE)MTI
k] – log [Y0 (1/TE) MTL

0]                         

where Y corresponds to landings in year k, TL is the 
mean TL of the landings in year k, TE is the transfer 
efficiency (here set at 0.1 following Pauly et al., 
2000a), and 0 refers to any year used as a baseline to 
normalize the index (Pauly et al., 2000; Christensen, 
2000; Cury et al., 2005). 

This index computes whether the increase in 
landings due to focusing on lower TL matches the 
ecological appropriate increase (determined by the 
transfer efficiencies between TL’s). The FiB index 
remains constant if the TL–changes match ‘ecological 
appropriate’ changes in landings. When the FiB index 

decrease this may indicate that fisheries withdraw so 
much biomass from the ecosystem that its functioning 
is impaired (Pauly & Watson, 2005). A decrease in FiB 
will also be observed if discarding that is not reflected 
in the reported catches takes place (Pauly & Watson, 
2005). FiB requires the assumption that transfer effi-
ciency is constant (and known sufficiently well) across 
trophic levels (Pauly et al., 2000c). Nevertheless, FiB 
is believed to provide a better indicator of ecosystem 
change than catch or catch composition, because of 
its integrative nature (Garcia & Staples, 2000).

Pelagic/demersal index – P/D
Changes in the trophic composition of marine commu-
nities can be tested in terms of large trophic groups 
such as planktivorous, benthivorous, or piscivorous 
animals (Caddy & Garibaldi, 2000). The expected 
effect of fishing (although not exclusive) is a decrease 
in the proportion of piscivorous fish. This is an easily 
understood indicator that can be estimated based on 
the knowledge of the biology of the species present in 
the community rather than on extensive diet data. A 
related index that has been proposed as an indicator 
for marine environments is the pelagic (P) to demer-
sal (D) fish biomass ratio in fishery landings (Caddy, 
2000; De Leiva Moreno et al., 2000).

However, the P/D ratio in fisheries catches is not 
exclusive in that it might be an indicator of eutrophi-
cation rather than exploitation (De Leiva Moreno et 
al., 2000).The pelagic fish are positively influenced by 
nutrient enrichment when it stimulates the plankton 
production (Caddy, 1993), while the demersal fish are 
influenced by the dynamics of benthic community, 

Fig. 1. Black Sea landings from 1970 to 2005. The continuous line represents  the fit of the catch and the 
dotted lines represent the 95% confidence bands.

Fig. 1. Capturas en el Mar Negro desde 1970 hasta 2005. La linea contínua representa el ajuste de la 
tendencia de las capturas, mientras las lineas de puntos representan las bandas de confianza del 95%.
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which generally responds negatively to the conditions 
of excessive enrichment. It follows that a positive 
trend over time in the P/D index may depend both 
on the eutrophication both from the overexploitation 
of resources (Libralato et al., 2004). In addition, like 
other catch–based indicators, it will be sensitive to 
changes in the fishing targets and methods.

Results

Total reported landings in the Black Sea showed criti-
cal peaks and troughs, driven primarily by the fluctua-
tion in the landings of European anchovy (Engraulis 
encrasicolus) with a peak landing of 790,000 tones 
recorded in 1984 (fig. 1). The landings increased 

Fig. 2. Black Sea marine trophic index (MTI) between 1970 and 2005.

Fig. 2. Indice trofico marino (MTI) del las capturas en el Mar Negro entre 1970 y 2005.

Fig. 3. Black Sea fishing in balance index (FiB) between 1970 and 2005.

Fig. 3. Indice de pesca en equilibrio (FiB) del las capturas en el Mar Negro entre 1970 y 2005.
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		                1970  1975  1980  1985 1990  1995  2000  2005
Year

   Marine trophic index

3.76

3.74

3.72

3.70

3.68

following a precipitous decline from 1989 to 1991. 
However, they have not returned to the level achieved 
in the mid 1980s. 

MTI showed an increase of 0.2 in the first two 
decades. In fact the values of MTI grew from 3.22 
to 3.42 from 1970 to 1990 (fig. 2). In contrast, from 
1990 to 2000 the MTI index showed an abrupt decline, 
with a decrement of 0.22 (fig. 2). Only in the last five 
years of the time series did the MTI index show a 
slight increase from a value of 3.20 to 3.25 (fig. 2).

The FiB index showed negative values in all 35 
years of the series (fig. 3). The increase in the FiB 
index from the 1970s to the mid–1980s was driven 
by the increased reported landings during this period 
(fig. 3). In contrast, the decrease in the MTI values 
since 1990 was not countered by an increase in land-
ings; thus the FiB index also declined in the early 1990 
(fig. 3). After reaching the minimum value of –1.8, the 
FIB index increased by 0.5 from 1995 to 2005 (fig. 3).

The cutMTI showed a drastic decline in 1984, the 
same year that the landings of European anchovy 
peaked (fig. ). In the mid–1990s the index increased 
from 3.69 to 3.77 in 1995 (fig. 4). In contrast, in the last 
five years the cutMTI index showed a strong decrease 
from 3.77 in 1995 to 3.69 in 2005 (fig. 4).

The P/D index showed positive values for all the 
times series (fig. 5). This trend showed a decreasing 
trend from the early 1970s until the minimum values 
recorded in 1990 (fig. 5). In the following years the 
index started to increase slowly, showing a maximum 

value of 9.7 in 2002 (fig. 5). In contrast, the last three 
years of the time series showed a decrease in the 
index from 9.2 to 4 (fig. 5).

Discussion

The indices show a heavily exploited ecosystem where 
overfishing and the anthropogenic eutrophication are 
probably responsible (Daskalov, 2002). The decline 
of the MTI and of the FiB show a fishing down the 
marine food web situation in this ecosystem. Fishing 
down has been tested on Mediterranean large marine 
ecosystems (Pennino et al., 2011), but the speed with 
which changes occur in Black Sea fish communities 
is much higher.

Our results support previous studies that show 
strong changes in the fish community of the Black 
Sea in recent years (Lleonart, 2005; Daskalov, 2002).

The fishery eliminated the top predator during the 
1970s (Daskalov et al., 2007); this led to reduced 
predation on planktivores, causing them to increase 
in the 1980s. Intense and unregulated fishing pres-
sure in these years led to severe overexploitation 
of most major fish stocks (Black Sea Commission, 
2002; UNEP, 2002). 

The MTI and FiB decreases may indicate that 
fisheries withdraw so much biomass from the ecosy-
stem that its functioning could be impaired (Pauly & 
Watson, 2005). The technological growth and demand 

Fig. 4. Black Sea 3.25 marine trophic index (3.25MTI) from 1970 to 2005. The cut–off value of 3.25 
removed from the computation of the index for all species whose biomass tend to vary widely in response 
to environmental factors.

Fig. 4. Indice trofico marino rebajado de 3,25 (3.25MTI) del las capturas en el Mar Negro desde 1970 hasta 
2005. El corte del nivel trofico de 3,25 elimina del calculo del indice todas las especies cuya biomasa 
varia mucho en funcion de los factores ambientales.
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increase in small planktivorous species might have 
been a result of the transition of the ecosystem from 
an oligotrophic to eutrophic stae caused by nutrient 
enrichment (Caddy, 1993). 

This phenomenon is confirmed by the decrease in 
recent years of the cutMTI index. This trend indicates 
that the resources with high TL, which correspond to 
the demersal fishes, are running out while the low TL 
species are increasing. Low TL species are usually 
small pelagic species. 

The interpretation of trophic indicators is still very 
subjective. References points or limit values with 
which to unambiguously assess the results obtained 
with these indicators have not yet been established. 
These values cannot be established and standardised 
due to the sheer complexity of ecosystems. The tropic 
structure of each ecosystem is specific and unique.

However, we consider that jointly these indices 
are a good way to compare the dynamics of different 
ecosystems, since the important aspect for study of 
ecosystems is the trends in indices over times rather 
than the values they assume.

Sustainability, however defined, must imply some 
notion of permanence in at least some of the entities or 
processes being evaluated. Thus, if, in a given ecosy-
stem, there is a clear trend of the relative abundance 
of high–TL to low–TL fishes, as indicated by declining 
MTI values, then this indicates the absence of sustai-
nability and the need for intervention. Multispecies 
fishery can safely be assumed to be unsustainable 
if the mean TL of the species it exploits keeps going 
down (Pauly & Watson, 2005). 

of fisheries in the 1980s has led to over–exploitation 
of marine resources, particularly for highest trophic 
demersal resources. This suggests that the changes 
in the food web could be influenced by the impact 
of advances in fishing technologies and changes in 
market–driven exploitation (Caddy & Garibaldi, 2000; 
Stergiou, 2002).

Indeed, the top predators, such as swordfish and 
tuna, were heavily exploited with the introduction of 
purse seining and through large scale surface longline 
and gill–net fisheries in the 1980s in this large marine 
ecosystem (Caddy, 1993). Some demersal species 
have pratically disappeared (Daskalov, 2002). This 
has been exacerbated by destructive fishing practices 
such as catching of under–sized fish (UNEP, 2002). 

Furthermore, the invasion of the Mnemiopsis leidyi 
contributed to a catastrophic decline of fish stocks in 
the mid–1980s (Shiganova, 1998).

The trend of the cutMTI and P/D index confirmed 
this shift in the mid–1980s. The M. leidyi eats eggs 
and larvae of pelagic fish (Kube et al., 2007) and it 
caused a dramatic drop in fish populations.

The trend of the P/D index showed that the drama-
tic fall of the black sea fish catch was most pronounced 
for small pelagic species with a four–fold reduction in 
catches between 1988 and 1991, although the lan-
dings of these species have partially recovered over 
the past decade, as shown by the trend of the MTI.

The P/D index shows this increasing trend in re-
cent years for the small pelagic species, which are r 
species with a higher turnover, especially in a highly 
eutrophic ecosystem such as the Black Sea. Also, this 

Fig. 5. Black Sea ratio of pelagic/demersal landings (P/D) from 1970 to 2005 (P/D index).

Fig. 5. Relación entre las capturas pelagicas y demersales (índice P/D) en el Mar Negro desde 1970 
hasta 2005.
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Furthermore, the indicators used are easily mea-
surable and provide a clear understanding of complex 
processes that occur in an ecosystem. Like many other 
indicators, they do not detect changes induced by ex-
clusive fishing, but they are, however, very sensitive to 
the dynamics of the fishes community. In conclusion we 
recommend the use of these indicators to analyze an 
ecosystem with a macro–scale approach and to obtain 
an overview of the ecosystem as a whole. The causes 
and the drivers that led to the changes highlighted by 
the analysis must be verified at the micro–scale, when 
and where better data are available. 

We consider that ecosystem indicators are promi-
sing tools to assess ecosystem conditions because 
they are easy to standardize and to estimate with 
commonly available data. Application of the selected 
indicators to other marine ecosystems is encouraged 
so as to fully evaluate their usefulness for a broad se-
lection of large marine ecosystems (LMEs), to assess 
their usefulness for an ecosystem approach to mana-
gement and to establish international comparability. 
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