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Abstract. In recent years, there has been a steady rise, globally in the

reports of jellyfish blooms and the damages that they cause. Jellyfish im-

pacts on commercial fisheries include the clogging, tearing and collapse of

nets, loss of fishing days, physical injury to the fishermen. Indirect impacts

on fisheries include the competition of jellyfish with finfish over the same

food source and direct predation of jellyfish on fish eggs and larvae. In

the present paper we propose a methodology to evaluate both direct and

indirect impacts of jellyfish on commercial fishery. We use the methodology

to estimate the impacts of jellyfish in the eastern Mediterranean (Levant)

on the Israeli fishery sector. Our estimation predicts a long run impact on

annual profits of about 7 percent on Trawl Fishing and of 46 percent on

Trammel and gill net fishing.
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1. Introduction

It is a currently accepted dogma that jellyfish abundances are increasing

globally (Mills, 2001; Hay, 2006; Mills, 2001; Purcell et al., 2007; Richardson
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et al., 2009), though there is as yet no hard evidence to support this (NCEAS,

Brotz). The strongest evidence for this increase derives from the steadily

growing frequency of reports regarding damage to power stations and fisheries

(Purcell et al., 2007). Jellyfish impacts may cause general environmental or

ecosystem damage and those that disturb humans in several aspects. In this

paper, we will focus mainly on human impacts. Humans are impacted by jel-

lyfish in a number of ways, including interference with tourism and recreation,

mainly by stinging swimmers or divers; clogging of power and desalination

plants’ seawater intakes; damage to aquaculture, mainly by killing or stressing

caged fish and direct and indirect impacts to fisheries (D. et al., 1995; Purcell

et al., 2007). Jellyfish impacts on fisheries have been reported from several

places around the world (Purcell et al., 2007), mainly in Asia, though it has

been assumed that those damages are more widespread then reported in the

literature (Purcell et al., 2007). The effect of jellyfish on fisheries includes

direct damage, by clogging and tearing nets, injuries to fishermen (jellyfish

stings) loss of fishing days, loss of catches (e.g. spilled catch), etc. In addition,

gelatinous animals may affect fisheries indirectly, via the marine food web,

as many of these animals compete with fishes over the same food (Brodeur,

2002). Moreover, some gelatinous organisms exert a direct impact on fish

populations by feeding on fish eggs and larvae with potentially widespread

impacts on the functioning of the entire ecosystem. In the eastern Mediter-

ranean (Levant Basin), large abundances of the invasive medusa Rhopilema

nomadic have been reported since the 1980s (Galil et al., 1990; A. and Ben-

Hillel, 1992). Although other scyphomedusae occur in this region, none is

as prominent as the swarms of R. nomadica which may dominate the waters

along the Mediterranean coast of Israel for many weeks at a time (B.S 2010;

B.S. et al. (2010); Galil et al. (1990). Another important gelatinous animal

that may interfere with fisheries and other commercial coastal activities, is

the ctenophore Mnemiopsis leidyi, (Agassiz, 1965) that has occurred in bloom

proportions in Israeli coastal waters in recent years (?). Several researchers
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have attempted to economically estimate the damage jellyfish have caused to

various sectors (Galil and Zenetos, 2002; Graham and H.M., 2003; R.M. and

Haddad, 2009), but an economic assessment of jellyfish effects on the fishery

sector has not yet been conducted, to our knowledge. In the present paper we

propose a bio-economic methodology to estimate the direct and indirect dam-

age to the fishing industry caused by jellyfish. We also use the methodology

presented to estimate the impact of jellyfish presence in the east Mediterranean

coast on the Israeli fishing sector.

In section 2 we present the bio-economic methodology. In section 3 we

present our empirical estimation of jellyfish impact on the Israeli fishery sector.

We consider two types of fishing technologies and compute the long run impact

for recent years. Our estimation considered a steady state equilibrium given

fixed estimates of the biological characteristics. We also provide a forecast of

impact under possible degradation in the biological key characteristics, due to

an increase in jellyfish populations in Section 4. We summarize our findings

and conclude with important policy remarks in Section 5.

2. Bio-Economic Model

Our bio-economic model includes fishermen’s behavior and biological char-

acterization of fish stock growth to determine the market equilibrium supply of

marine fish. This model focuses on characterization of the system at a steady

state equilibrium (Schaefer1954). In this model the overall stock is assumed

to follow a logistic growth curve. The rate of surplus growth is defined as:

F (X) = rX(1−X/K), (1)

where F (X) is natural growth; X is stock size; K is carrying capacity, a

parameter corresponding to the natural equilibrium stock size; and r is intrinsic

growth rate of fish. It is assumes that fishing effort always removes a constant

proportion of the stock, and thus harvest (catch) is given by

H(e,X) = qeX, (2)
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where H is catch measured in terms of biomass; e is fishing effort and q

is a constant catchability parameter. Steady State equilibrium, dX
dt

= 0 ,

occurs when the rate of fishing equals the rate of natural growth, i.e. when

F (X) = H(e,X). Considering equations 1 and 2 above this implies that at a

steady state equilibrium the biomass level, X, is

X = K(1− qe

r
), (3)

and harvest at steady state is characterized by the equation

H = qKe(1− q

r
e) (4)

or equivalently,

H(e) = β1e− β2e2, (5)

where β1 = qK and β2 = q2K
r

. Equation 5 defines the long-term harvest

function whose coefficients β1 and β2 are unknown. The biological parameters

r and K that compose the coefficients have been estimated in ecological studies

for different marine population types (add reference if possible). However, their

values under the presence of jellyfish population in the east Mediterranean, and

globally, are highly uncertain. We propose to use common econometric tools to

estimate these parameters using observed economic data on fishing efforts and

harvest. Estimates for the parameters β1 and β2 will capture overall changes

in the environment, including jellyfish impact on the marine environment.

However, we are not able to distill their impact from other pressures that are

taking place in the environmental under study.1

2.1. Jellyfish impact on fishing harvest. The presence of Jellyfish has

potentially two impacts: (1) an indirect impact on fish population, via the

development of algal fish biomass, and revealed as an impact on the biological

characteristics κ and r. Since this impact is unknown to us at present, we will

not distill its impact within our analysis. (2) a direct impact on effort efficiency

1These include, for example, the impact of climate change, or impact of marine pollution
from known sources.
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(for example, a net’s harvest includes 20% Jellyfish and 80% commercial fish

stock, rather then 100% fish stock; or, need to use two nets to accomplish the

same harvest, as one got tired by Jellyfish);

Let ρ ∈ [0, 1] be the direct impact factor that affects fishing efficiency in

presence of Jellyfish. Full efficiency in fishing efforts is characterized by ρ = 1.

The smaller is ρ, the lower is the efficiency of fishing efforts. To captures all

possible impacts of jellyfish on fishing harvest we rewrite Equation 5 with a

factor of fishing efficiency ρ as follows:

H(e) = β1(ρe)− β2(ρe)2. (6)

In case ρ = 1 Equation 6 converges to the basic case of an environment

without jellyfish.

Estimating the parameters β1 and β2 using harvest in the presence of jelly-

fish, we capture both direct and indirect impact of jellyfish on harvest. In the

empirical section that follows (3 ) we do not distill the indirect impact, due to

limited data on a system without jellyfish in the east Mediterranean marine

area. We will however distill the direct impact of jellyfish on harvest.

2.2. Economic Performance. Once identified the parameters affecting har-

vest, we can characterize the long run equilibrium of the marine environmental

and fishing sector under any common behavior. Total revenues are defined by

TR(e) = pH(e), (7)

where p denotes the average price per kilogram of fish (fish bundle). Costs are

assumed to be constant per unit of effort, and given by

TC[e] = FC + ω0[e] + ωJ [e | ρ, µ] (8)

Where FC denotes Fixed Cost of effort per year, including boat mainte-

nance and equipment yearly treatment. ω0 represents annual variable costs,

including labor and fuel costs; ωJ represents annual cost of jellyfish damages
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to fishing equipment, which depends on the participation in fishing activity,

µ, and possible damage to equipment, related to the parameter ρ. The total

economic rent of the fishery is defined as

π[e] = TR[ρe]− TC[ρe, µ]. (9)

In summary, the impact of jellyfish on economic performance is two dimen-

sional: The first is by a direct impact on harvest, which result from a decrease

in effort efficiency and an indirect impact on marine fish stock. The second

dimension is its impact on total costs, which are expected to increase with the

presence of jellyfish.

3. Data Description

In the following section we use the bioeconomic model described above for

estimating the impact of jellyfish in the east Mediterranean coastline on the

Israeli marine sector. Annual Marine fish production is constantly decreasing

in the last decade. Marine commercial fishing in Israeli Mediterranean coast

characterized as multispecies, including species such as Sparidae spp, shrimps,

Cephalopods, sardines, red mullet, sparus, tuna spp, scombids, amberjack,

sphyraenids, etc (Shapiro, 2007). In recent years, this sector is affected by

couple of influences, including fuel prices rising and import of fresh fishes

from other countries (Shapiro, 2007). Despite that, fishery sector management

begins to take part and will hopefully preserve and maybe even promote the

existing marine fishing. Additional to the difficulties of this sector, the fisheries

are exposed to several disturbances that makes marine fishery even harder.

One of those difficulties includes the present of gelatinous animals in the water.

The assumption regarding direct fisheries affected by gelatinous suggests that

the most affected fishing techniques are those that using nets. In commercial

fishing in Israel there are three main nets involved techniques - trawl, gill net/

trammel net purse seine. Those three techniques are occasionally reporting
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for ”jellyfish” disturbance during marine fishing (Galil et al., 2010; D. et al.,

1995; A. and Ben-Hillel, 1992). 2

Data from the Israeli Ministry of Agriculture the Burro of Statistics for the

last 50 years were used to estimate the ecological parameters, β1 and β2. Al-

though we cannot determine with certainly the precise impact mechanism on

fishing biomass and its volume, local reports suggest that since 1990 and on

the presence of jellyfish is significantly increasing. The direct impact on fishing

efforts was estimated using a survey which was conducted in year 2010 among

all trawls fisherman in Israel (24 in total), and a sample of net fisherman in

Israel (12 in total), which are the two main fishing efforts directly affected by

the presence of jellyfish. The surveys included questions on the fisherman char-

acteristics (location of fishing, income, fishing techniques, frequency, periods,

ownership on equipment), on fishing costs (fixed costs, variable costs), impact

of jellyfish on fishing rutin (harm to equipment, impact on fishing frequency

and fishing harvest), and awareness to the type and presence in general of

jellyfish. the surveys’ results have been use as a prior estimate of the impact

of jellyfish on fishing efforts. In what follows, we refer to this impact as a

decrease in effort efficiency.

4. Model Estimation

We compute the impact of jellyfish of fishing efforts in two stages: First,

whether the fisherman went out fishing, or whether he has canceled his work-

ing day because he expects his fishing efforts to result in very low profitable

harvest. Second, given that he went fishing, whether there was a decrease in

effort efficiency due to loss on net contents (throwing out net harvest because

it became loaded with jellyfish, or holes in the net ).

2Historical development in the Israeli fishery sector suggests the presence of a technological
change from 1970 and on. This structural change has been significantly identified in the
regression analysis. Consequently, we have used only data from 1970 and on to estimate
ecological parameters before the significant increase in jellyfish by the beginning of the 21st
century.
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We denote by µj the participation coefficient, defined as the probability that

the fisherman goes out fishing: i.e.,

µj ≡ 1−mj/nj,

with subscript j = 1 if Trawl fishing is observed and j = 2 if Trammel or Gill

net techniques are observed; m is the number of days in which the fisherman

did not go fishing because of an expected jellyfish appearance in this fishing

area, and n is the average number of fishing day per year. Mean estimates of

nuj were calculated for each fishing methodology using the surveys. For the

year 2010 the following estimates were calculated:

E[µ1] = 0.9762

E[µ2] = 0.715

Let ρj be the coefficient of relative effort efficiency, once the fisherman has

decided to go fishing. Using our data survey, these were estimated for the year

2010 to be:

E[ρ1] = 0.9946

E[ρ2] = 0.993

In table 2 we have summarized the statistical characteristics of jellyfish

direct impact on effort, for the two fishing techniques under at the focus of

our study.3

4.1. Estimation of Economics parameters. the econometrics estimation

of biological characteristics, along with estimates of the impact of jellyfish of

efforts efficiency and fishing costs allows us to simulate two interesting sce-

narios. The first is an estimation of economic performance for the year 2010

3full computational description will follow in the final paper.
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under the presence of jellyfish and under the extreme event of no jellyfish. The

second is an estimation of economic forecast for a range of possible jellyfish

impact levels. The estimated statistical model is given by

H[e] = β1(αe)− β2(αe)2 + ε, (10)

where ε ∼ N [µ, σ2]. Ordinary Least Square (OLS) estimates are reported in

table 1.

Using the 2010 surveys on the impact of jellyfish on fishermen in Israel and

the estimated biological parameters in the long run with jellyfish presence,

we calibrate the impact of jellyfish for the year 2010. The estimated harvest

equation under the presence of jellyfish is given by

Ĥj[ẽ] = 0.329ẽ− 1.233−5ẽ2 (11)

where ẽ = ρje. Mean values of the parameter ρ for the year 2010 were used

to calibrate the model for the case in which no jellyfish were present.4 This is

computed by dividing the observed efficiency level by the factor of efficiency (

e = ẽ
ρj

), resulting in the estimated equation

Ĥ(e) = 0.39962e− 1.30794−5e2 (12)

Considering the presence of a competitive equilibrium in the marine fishing

market in Israel, we compare the overall economic performance of the Trawler

fishery sector and the Trammel and Gill (TG) under a direct impact of jellyfish

on the harvest, and without it.

Our calibration results are summarized in table 3. Our calibration has

identified a stronger effect of jellyfish on TG fishing techniques than on Trawl

fishing, mainly as a result of working day loss. This results in a 3.52 and

31.5 percent decrease in fishing harvest in trawl and TG respectively. Under

jellyfish presence, costs have increased by 0.4 percent and by 2.53 percent,

respectively. These, in consequence, result in a decrease of 8 percent in Trawl

4data on either fishing techniques could be used for this calibration.
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fishing profits relative to a decrease of almost 46.3 percent in Trammel and

Gill fishing profits.

At last, we use our bio-economic model to forecast a range of jellyfish level

impact on economic performance. Figure 1 demonstrates the impact of a

change in the parameter ρ on Trawl fishing profits. In the simulation presented,

effort was fixed at the level e = 3990 (average marine fishing days between

2005-2010, in Israel). It is evident that higher is the impact of jellyfish on

fishing effort, higher is the impact on fishing profits.

5. summary

This paper has presented a method to value the impact of a change in the

east Mediterranean marine ecosystem on the fishing sector. Specifically, we

have presented an economic approach to estimate the impact of jellyfish on

the harvest and costs of fishing, as well as the indirect effects of jellyfish on on

fish eggs and larvae.
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Descriptive statistics for years 1970-2010

N Minimum Maximum Std. Deviation Variance

Statistic Statistic Statistic Statistic Std. Error Statistic Statistic
Harvest 61 615 2010 1202.9500 40.047 312.779 97830.481

e 61 1361 6467 4212.8300 157.721 1231.841 1517433.15

µ1 12 0.889 1 0.9762 0.011 0.037 0.001

µ2 24 0 1 0.7155 0.067 0.329 0.108

ρ1 12 0.98 1 0.9946 0.002 0.007 0

ρ21 24 0.931 1 0.9930 0.003 0.016 0

ρ22 24 0.925 1 0.9855 0.004 0.021 .000 

Mean

Table 2. Summary statistics for jellyfish impact on Trawlers
fishing efforts (subscript 1), and Trammel and Gill net fishing
(subscript 2). The impact is statistically computed from surveys
distributed to marine fisherman in Israel during the year 2010.
Harvest and efforts were aggregated and reported as mean values
of the last 5 years (2005-2010).
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 Harvest TR (NIS) TC (NIS) Profits (NIS) 

Trawl fishing 

With jellyfish 1438.524 63,438,902 35,168,000 28,270,902 

Without jellyfish 1491.066 65,756,013 35,028,000 30,728,012 

Difference (∆) 52.542 2,317,110 140,000   2,457,110 

Trammel & Gill  
    

With jellyfish 462 23,396,781 10,530,000 12,866,781 

Without jellyfish 676 34,224,734 10,270,000 23,954,733 

Difference (∆) 213 10,827,953 260,000 11,087,952 

 

Table 3. Economic performance simulation for year 2010: with
and without jellyfish
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Figure 1. Jellyfish impact on Trawl fishing economic perfor-
mance: Impact on profits.


