
The Economics of Overexploitation 
Severe depletion of renewable resources may result from 

high discount rates used by private exploiters. 

Colin W. Clark 

Renewable resources, by definition, 
possess self-regeneration capacities and 
can provide man with an essentially 
endless supply of goods and services. 
But man, in turn, possesses capacities 
both for the conservation and for the 
destruction of the renewable resource 
base. 

Indeed, man's increasing capacity to 
seriously deplete the world's natural re- 
sources appears to be reaching a criti- 
cal stage (1); if this is not imminent 
for the nonrenewable resources (2), it 
certainly appears so for many of the 
renewable ones (3). The problems of 
environmental pollution that loom so 
large today, for example, often result 
from a process of overexploitation of 
the regenerative capacity of our atmo- 
spheric and water resources. Econo- 
mists lately have devoted much atten- 
tion to environmental questions (4), 
and most are agreed that "external- 
ities"-that is, effects not normally 
accounted for in the cost-revenue anal- 
yses of producers-are the leading 
economic cause of pollution and the 
destruction of natural beauty. 

Animate resources, or biological re- 
sources, are also subject to serious 
misuse by man. An accelerating decline 
has been observed in recent years in 
the productivity of many important 
fisheries (5), particularly the great 
whale fisheries and the famous Grand 
Banks fisheries of the western Atlantic, 
as well as the spectacularly productive 
Peruvian anchovy fishery (6). As tech- 
nology improves and demand increases, 
so the pressure on renewable resources 
grows more severe. The long-recog- 
nized need for effective international 
regulation of fisheries has never been 
so pressing as it is today. 

A prerequisite for effective regula- 
tion is a clear understanding of the 
basic reasons for overexploitation, and 
in this regard the outstanding article 
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by Hardin (7) on "The tragedy of the 
commons" has been a positive asset, 
even though economists have long 
been aware of the common property 
problem in fisheries (8). Indeed, in 
concentrating their attention on the 
problems of competitive overexploita- 
tion of fisheries, economists appear to 
have largely overlooked the fact that a 
corporate owner of property rights in 
a biological resource might actually pre- 
fer extermination to conservation, on 
the basis of maximization of profits 
(9). In this article I argue that over- 
exploitation, perhaps even to the point 
of actual extinction, is a definite possi- 
bility under private management of 
renewable resources. 

The implications of this argument 
for successful international regulation 
would seem to be that, if it is assumed 
that society wishes to preserve the pro- 
ductivity of the oceans and to prevent 
the extermination of valuable commer- 
cial species, control of the physical as- 
pects of exploitation is essential. In 
particular the popular idea of maxi- 
mum sustainable yield should be gen- 
erally adopted, at least in the sense of 
setting an upper limit on the allowable 
degree of exploitation. Only a dire 
emergency in local food supply should 
be considered as a valid reason for 
temporarily running down the basic 
stock of a biological resource. 

Antarctic Blue Whale Fishery 

In developing the economic theory 
of a biological resource, I take as an 
example the Antarctic blue whale pop- 
ulation. No economic analysis of whal- 
ing as such has yet been published, to 
my knowledge. Certainly, the complete 
failure of the International Whaling 
Commission to carry out its mandate 
to protect and preserve the whale 

stocks has not been convincingly ex- 
plained on economic grounds. 

A committee appointed by the Inter- 
national Whaling Commission (10) 
estimated in 1964 the net reproductive 
capacity, in terms of net recruitment 
of 5-year-old blue whales, as a func- 
tion of the breeding stock of this spe- 
cies. Their graph, which except for the 
lower end from 0 to 30,000 whales 
was little more than an educated guess, 
is shown in Fig. 1. It appears to indi- 
cate a maximum sustainable yield of 
about 6000 blue whales per annum, 
but more recent information suggests 
that this estimate may have been some- 
what too high (11). 

Figure 2 shows the annual blue whale 
catch (12), which expanded rapidly in 
1926 following the construction of the 
first modern stern-slipway factory ships, 
and ended officially in 1965 when 
the International Whaling Commission 
agreed to protect the species. At that 
time the remaining population was be- 
lieved to be less than 200 whales, but 
later estimates have been more opti- 
mistic, with the stock in 1972 esti- 
mated at about 6000 blue whales (11). 
I return to the case of the blue whales 
after a general analysis of the econom- 
ics of biological resources. 

Economic Rent 

The most commonly encountered 
proposal for managing a biological re- 
source is to maximize the sustained 
yield. Indeed, this was the management 
scheme suggested by the committee to 
the Whaling Commission (10): "The 
greater the reduction of the present 
quota, the more rapidly will whale 
stocks rebuild to the level of maximum 
sustainable productivity." Economists, 
however, have taken exception to such 
proposals (8): "Focusing attention on 
the maximization of the catch neglects 
entirely the inputs of other factors of 
production which are used up in fish- 
ing and must be accounted for as 
costs." 

Indeed, economists have generally 
suggested adopting the maximization 
of economic rent as a management 
policy. The term economic rent refers 
to the regular income derived from an 
endurable resource; it refers to net in- 
come, or excess of revenue over costs. 
Since there is a variety of management 
possibilities for most resources, it is 
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worthwhile to enquire which policy 
will produce the maximum rent. 

In order to obtain a simple mathe- 
matical model, suppose that the net 
recruitment to a particular resource 
stock of size x is given by a quadratic 
expression: 

y = f(x) = Ax(x - x) (1) 

where A > 0 is a constant, and x > 0 
represents the natural equilibrium pop- 
ulation. The blue whale curve (Fig. 1) 
has roughly this form, which is related 
to the logistic equation of theoretical 
biology: 

dx/dt - Ax( - x) 

where t is time. 
We also suppose that the net re- 

cruitment is the same as (or propor- 
tional to) the sustainable yield from a 
population of size x. 

The economic components of our 
model consist of a constant price 
p > 0 per unit of harvested stock, and 
a unit harvesting cost C(x) that de- 
pends on the population size x. The 
simplest assumption is that this unit 
harvesting cost is proportional to the 
density of the population; in the case 
of pelagic or demersal fish that are 
more or less uniformly distributed over 
their range, this assumption would 
mean simply that C(x) varies inversely 
with x. Thus, the total cost of harvest- 
ing the sustainable yield y= f(x) 
would be (approximately) 

C = By/x = AB( - x) (2) 

where B is the unit cost coefficient. 
More general forms of the cost func- 
tion are considered below. 

What sustainable yield, at what pop- 
ulation x, gives rise to the maximum 
rent? Since rent is the difference be- 
tween revenue R and cost C, the prob- 
lem is to maximize the expression 

R-C = pAx(.x-x) -AB(x-x) (3) 

The maximum occurs when x = x, 
where (see Fig. 3) 

~ B 
R=Ih-I (4) 2 + 2p (4) 

provided this expression is less than 
the equilibrium level Y. (The case 
I > x corresponds to the case of nega- 
tive rent R- C for all populations x; 
in this case the resource is of no eco- 
nomic value.) 

It is clear from Eq. 4 that the rent- 
maximizing population x is greater 
than the level x/2 of maximum sus- 
tained yield. It is this observation that 
seems to have led to the belief that a 
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Fig. 1. Recruitment curve for blue whale 
population. 

private resource owner would neces- 
sarily attempt to conserve his resource 
stock. I return to this question after 
discussing the common-property prob- 
lem. 

Since maximizing rent appears to be 
the same thing as maximizing profits, 
the question now arises, why in prac- 
tice do fisheries and other resource 
industries never seem to attain this 
result? Economists have studied this 
question in detail; their solution was 
described by Gordon (8): 

In sea fisheries the natural resource is 
not private property; hence the rent it 
may yield is not capable of being appro- 
priated by anyone. The individual fisher- 
man is more or less free to fish wherever 
he pleases. The result is a pattern of com- 
petition among fishermen which culmi- 
nates in the dissipation of the rent . . . 

To summarize the argument for dis- 
sipation of rent, suppose first (see Fig. 
3) that the fishery is actually operat- 
ing at the rent-maximizing level t. 
Then, observing that the working fish- 
ermen are making a profit, new fisher- 
men will be attracted to the industry. 
Fishing intensity will increase and the 
fish population will decrease, as will 
the total rent. As long as any rent re- 
mains, the process continues. The fish- 
ery will expand until in the end the 
population reaches the level x0 of zero 
economic rent. Thus, in a competitive 
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situation, the rent will be entirely dis- 
sipated and economic efficiency will 
vanish. 

In practice, fishermen will no longer 
be attracted to a fishery when they can 
earn a greater income in some alterna- 
tive employment. This alternative in- 
come determines what economists call 
the opportunity costs of labor in fish- 
ing, and these costs are normally in- 
cluded in the total cost function. In 
cases of high unemployment, oppor- 
tunity costs for fishermen may be 
nearly zero, so that the rent dissipa- 
tion argument would be particularly 
forceful in explaining the overexploita- 
tion of fisheries. 

So runs the standard economic argu- 
ment for the overexploitation of re- 
sources, neatly laying the blame on 
open competition, particularly among 
the impoverished and the powerless. 
Yet the most spectacular and threaten- 
ing developments of today, such as the 
reduction of the whale stocks and of 
the demersal fisheries on the Grand 
Banks, can by no means be attributed 
to impoverished local fishermen. On 
the contrary, it is the large, high- 
powered ships and the factory fleets of 
the wealthiest nations that are now the 
real danger. Poor and wealthy nations 
alike, however, may suffer unless suc- 
cessful control is soon achieved. 

Economists themselves have begun 
to question the adequacy of the rent- 
dissipation argument to explain cur- 
rent developments (13). The fact that 
(as in the above model) extinction is 
theoretically impossible has been called 
"one of the more serious deficiencies 
of the received doctrine" (14). But the 
principal shortcoming of the existing 
theories is their disregard of the time 
variable, both biologically and eco- 
nomically. 
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Fig. 2. Annual blue whale catch, 1925 to 1965. [Data compiled from (12)] 
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costs become infinite as x approaches 
zero. The variable x, however, is in 

u R reality restricted to integral values 
(x = 1, 2, 3, . . .), and the cost of 

Cost C extinction is actually the cost of a 
X/ unit harvest when x = 1. The simplest 

way to adjust the model to admit the 
possibility of extinction is to replace 
Eq. 2 by 

ropuiation lxl 

Fig. 3 (left). Economic rent. Fig. 4 (right). Cost-revenue curves (extinction feasible). 

On the one hand, biological popu- whale, the analysis indicates that an 
lations take time to respond to har- annual discount rate between 10 and 
vesting pressures, and only approach a 20 percent would be sufficient for ex- 
new equilibrium after several seasons. tinction to result from maximization of 
On the other hand, but equally impor- the present value of harvests, assum- 
tant, the value of monetary payments ing that extinction is commercially 
also possesses a time component due feasible. Such rates are by no means 
to the discounting of future payments. exceptional in resource development 
It denies the fundamental principles of industries. 
economics itself to overlook the latter The question of the feasibility of 
effect, and that is just what the rule of extermination of the whale stocks is 
maximizing economic rent does. an interesting one. Gulland (19) has 

The fact that maximization of rent pointed out to me that fishing for the 
and maximization of present value are Antarctic blue whale probably would 
not equivalent has long been recog- have become uneconomical several 
nized in agriculture (15) and forestry years earlier had it not been for the 
(16), and some analyses of fishing simultaneous occurrence of finback 
have also recognized the difference whales in the same area. It appears 
(17). The latter, however, have in- likely that the whalers agreed to a 
variably utilized advanced mathemati- moratorium on blue whales in 1965 
cal techniques from the calculus of because they did not anticipate any sig- 
variations and optimal control theory, nificant further profits from the species. 
and are consequently somewhat be- These considerations raise serious 
yond the level of intuitive under- doubts, in my opinion, about the wis- 
standing. dom of assuming that corporate re- 

In the remainder of this article, I source exploiters will automatically 
first show how the possibility of ex- behave in a socially desirable manner 
tinction can easily be included in the (20). There is no reason to suppose 
analysis, and then discuss the question that the fishing corporations them- 
of maximization of present value in selves desire regulations designed to 
resource management. The principal conserve the world's fisheries. The gov- 
outcome will be that if extinction is ernments of the world will fail in their 
economically feasible, then it will tend responsibility to their citizens unless 
to result not only from common- they succeed in formulating effective 
property exploitation, but also from international conservation treaties in 
the maximization of present value, spite of pressures from these corpo- 
whenever a sufficiently high rate of rations. 
discount is used (18). Generally, high 
rates of discount have the effect of caus- 
ing biological overexploitation when- Possibility of Extinction 
ever it is commercially feasible. 

The question of the cause of high The fact that populations can be 
discount rates is a complex one; it is driven to extinction by commercial 
sufficient to remark that at any time hunting hardly needs to be empha- 
the discount rate adopted by exploiters sized. Only a minor change in the 
will be related to the marginal oppor- model described above is required in 
tunity cost of capital in alternative in- order to include the possibility of ex- 
vestments. In a technologically ex- tinction in a reasonable way. 
panding economy, this rate could be In Eq. 2 we made the assumption 
quite large. that harvesting costs vary inversely 

When applied to the Antarctic blue with population x. It thus appears that 
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By ABx(- x) (2 
x+ 1 x+ 1 

In this formula, the coefficient B 

represents the cost of extinction, that 
is, the cost of a unit harvest which re- 
duces the breeding population from 
one to zero. If B is less than the price 
p, then the cost curve C will lie below 
the revenue curve R = pAx(x- x) for 
all values of x, as in Fig. 4. In this 
case the zero rent population x0 equals 
zero, and rent dissipation will lead to 
extinction. 

In practice, extinction may not re- 
quire the actual extermination of the 
last member of the population. Biolo- 
gists speak of a minimum viable pop- 
ulation such that survival is impossible, 
or highly improbable, once the popula- 
tion falls below this level (21). Such a 
possibility is easily included in our 
model by replacing Eq. 1 for the net 
recruitment by 

y =A(x-x) ( x-) (1') 

where x represents the minimal viable 
population. Note that there is no 
sustainable yield when x <x. In this 
case extinction is again economically 
feasible provided the cost coefficient B 
of Eq. 2 or 2' is small (22). 

Henceforth for the sake of definite- 
ness I adopt the model described by 
Eqs. 1 and 2', so that extinction is 
feasible if the extinction cost B is less 
than the price p. (The more general 
case of Eq. 1' can be treated by a simi- 
lar analysis, or can be reduced to the 
previous case by shifting the origin of 
the population axis to the point x be- 
low which extinction becomes auto- 
matic.) Hence the rent function R - C 
is given by 

ABx(x - x) 
F(x) = pAx( x)- Ax) - 

f(x) [p- x 1 (5) 

Maximization of Present Value 

The concept of economic rent as 
discussed so far is time-independent. 
A more general understanding of the 
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concept, as it applies to agricultural 
land economics, has been given by 
Gaffney (15), who identifies several 
categories of economic rent. Some of 
these do not apply to the case of fish- 
eries or other wild animal resources, 
but his categories of conservable flow 
and expendable surplus are relevant in 
general. 

In Gaffney's words, the expendable 
surplus is "that portion of virgin fer- 
tility whose emplaced value is less 
than its liquidation value." In other 
words, the immediate profit obtained 
from expending this surplus exceeds 
the present value of revenues that 
could be obtained in perpetuity by 
conserving it. Conversely the conserv- 
able flow refers to that portion of fer- 
tility whose emplaced value is greater 
than its liquidation value. 

The expendable surplus thus pro- 
vides a temporary contribution to rent, 
and disappears once it is expended, 
leaving the conservable flow as the 
enduring rent. Obviously, the expend- 
able surplus and the conservable flow 
are complementary quantities; how 
much of virgin fertility is assigned to 
each category depends critically, as we 
shall see, on the rate of discount uti- 
lized in computing present values. 

In our own case, let x now denote 
the economically conservable breeding 
population. The problem is to deter- 
mine the value of x. The conservable 
flow equals the rent F(x) from Eq. 5, 
and the emplaced value of this rent is 
just the present value of a (continu- 
ous) annuity F(x), namely 

00 

Pi(x) = f F() e-'dt- = F(x) (6) 
0 

where 8 > 0 is the adopted discount 
rate. A high discount rate corresponds 
to a low emplaced value, and vice 
versa. 

To derive the value of the expend- 
able surplus, suppose that the popula- 
tion is originally at its natural equilib- 
rium level x. The surplus is therefore 
x- , and this can produce an imme- 
diate gross revenue of p(x - ), at a 
harvesting cost given by 

fC(x)dx 

where, as in Eq. 2', C(x) = B/(x + 1) 
is the unit harvest cost at the popula- 
tion level x. Thus, the value of the 
surplus is equal to 

P,(x) = p(x - x) - B log + (7) 

17 AUGUST 1973 

x xo X 

Fig. 5. Maximization 
(extinction not feasible 

Population (x) 

of present value 
). 

The value of x is now determined 
by maximizing the total present value 
Pl(x) + P2(x) (23). From Eqs. 6 and 
7 we obtain, except in the end-point 
cases (x = 0 or x), the necessary 
condition 

1 F(x) = p- ^ p--C(,) 
(8) 

Equation 8 is a marginal condition of 
the type familiar in economic analysis. 
The right-hand expression, p - C(), 
represents the additional, or marginal, 
net revenue obtained by harvesting one 
unit from the population x. The left- 
hand expression, 8-'F'(x), is the 
marginal increase in the present value 
of the annuity F(x) that results from 
leaving this additional unit of popula- 
tion to contribute to net recruitment. 
Neglecting exceptional cases, we must 
have equality of these marginal values 
at the optimal population x. 

Since by Eq. 5 we have F(x) 
f(x)[p - C(x)], a simple calculation 
reduces Eq. 8 to 

-f' ( -C(A)(~) (9) 

[Equation 9 can be derived generally 
for an arbitrary recruitment function 
f(x) and unit cost function C(x).] 

In analyzing Eq. 9 there are two 
cases to consider, depending on whether 
extinction is feasible or not. If 
p <B = C(0), then extinction is not 
feasible. Let 

p = C(xo) (10) 
so that x0 represents the population at 
which price equals unit harvesting 
cost. Thus F(xo) = 0, that is, x0 is 
the "zero rent" level, which we found 
would be the level resulting from 
common-property dissipation of rent. 
Since F(x) < 0 for x < xo, it is clear 
that the desired equilibrium population 
x must be > xo. 

S- f'(x) 

H(x) 

Population (x) 

Fig. 6. Maximization of present value 
(extinction feasible). 

Let H(x) denote the expression on 
the right side of Eq. 9. Then (Fig. 5) 
H(x) > 0 for x > x0 and the graph of 
H(x) is asymptotic to the line x = x0. 
The left side of Eq. 9 is a linear func- 
tion with a positive slope. Conse- 
quently Eq. 9 has a solution x lying 
between x0 and x. The value x is the 
conservable population. 

The two special cases 8=0 and 
8 = + oo deserve comment. When 
8 = 0, Eq. 8 implies that F'(x) = 0. 
Thus, a zero discount rate corresponds 
to the maximization of economic rent 
and results in the largest possible con- 
servable flow. When 8 is infinite, on 
the other hand, we see from Fig. 5 
that -- x0. In this case F(x) = 0 and 
there is no conservable flow; the entire 
profitable portion of the virgin popula- 
tion is expendable surplus: it is com- 
pletely dissipated. Rent maximization 
and rent dissipation thus occur mathe- 
matically as two extreme cases of max- 
imization of present value. 

Let us turn to the case p > B, 
in which extinction is feasible. In this 
case H(x) is a positive bounded func- 
tion (Fig. 6). Depending on the value 
of 8, there may be one, several, or no 
solutions to Eq. 9. As before, the case 
8 = 0 corresponds to the maximiza- 
tion of rent. Now, however, the rent 
will be dissipated (and the population 
exterminated) not only for an infinite 
discount rate, but also for any suffi- 
ciently high rate. The following theo- 
rem is proved in the Appendix. 

THEOREM. Assume extinction is fea- 
sible (p > B). Then extinction will in- 
deed occur as a result of the maximi- 
zation of present value, whenever 
8 > 2f'(0). 

Note that f' (0) represents the maxi- 
mum reproductive potential of the 
population. 

Let us return at last to the blue 
whales. Figure 1 indicates a maximum 
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reproductive potential of about 10 per- 
cent per annum [and more recent re- 
ports indicate an even smaller rate, 
perhaps 4 to 5 percent (11)]. If in 
their calculations of profit and loss, the 
owners of the whaling fleets were to 
utilize an annual rate of discount of 
20 percent or greater, they would 
therefore opt for complete extermina- 
tion of the whales-at least as long as 
whaling remained profitable. This 
would occur whether they were com- 
peting, or cooperating, in the slaughter 
(24). 

Summary 

The general economic analysis of 
a biological resource presented in this 
article suggests that overexploitation in 
the physical sense of reduced produc- 
tivity may result from not one, but two 
social conditions: common-property 
competitive exploitation on the one 
hand, and private-property maximiza- 
tion of profits on the other. For popu- 
lations that are economically valuable 
but possess low reproductive capacities, 
either condition may lead even to the 
extinction of the population. In view 
of the likelihood of private firms adopt- 
ing high rates of discount, the conser- 
vation of renewable resources would 
appear to require continual public 
surveillance and control of the physical 
yield and the condition of the stocks. 
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yield and the condition of the stocks. 

Appendix 

To prove the theorem stated above, 
we will show that Eq. 9 has no solu- 
tion in case 8 > 2f'(0) and p > B; 
this implies that x- = 0 maximizes the 
total present value, since x = x would 
give both zero rent and zero present 
value. 

Since H(x), the right-side expres- 
sion in Eq. 9, is a decreasing function 
of p, it suffices to consider the case 
p = B. Then by the generalized mean 
value theorem of elementary calculus, 

H(x) = -C' (x) C (x) 
C(O) - C(x) 

C' (x) '()O ( < < X) - C'(Il ) 

< f'(t) < f'(O) 

Thus 8 -f'(x) >2f'(0) -f'(x) > 
f'(O) > H(x), so Eq. 9 has no solu- 
tion as claimed. 
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Last month, for almost the first time 
in living memory, the July crop report 
prepared by the U.S. Department of 
Agriculture (USDA) rated a spot on 
the CBS evening news. To consumers 
perplexed by rising food prices, the 
prediction of record crops was doubt- 
less welcome, if maybe deceptive, news. 
To economists concerned about the 
world food situation, the relief was of 
a different order-a poor harvest in 
the United States could mean disaster 
for some countries that depend on 
American food exports. 
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The world food situation is more 
serious now than at any time since 
1965-1967, when an armada of 
American grain shipments saved per- 
haps 60 million Indians from possible 
starvation. The immediate cause is a 
bout of freakish weather that has vis- 
ited droughts on some parts of the 
world, floods on others, and gave a 
1972 harvest that was much worse than 

expected. All countries except India 
have now bought enough grain-though 
often at ruinous prices-to cover their 
immediate needs. But world grain stocks 
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are down to their lowest level in 20 
years, and whether or not there will be 
enough food to go around next year 
depends on the success of the crops now 
in the ground. "It's basically a question 
of weather, and there's not much that 
any country or technology can do," 
says Dale Hathaway, an agricultural 
economist at the Ford Foundation. And 
even the institutionally optimistic seem 
more worried in private than they will 
admit to publicly. "Abundant 1973-74 
season grains crops will be of crucial 
importance to ease the present tight 
situation and to avert very serious 
scarcities," states an internal situation 
report prepared on 28 June by the 
World Bank. In India, the report notes, 
"a normal monsoon season is a neces- 
sity this year, if widespread disaster is 
to be averted." 

The omens so far are that crops will 
be good around the world-as long as 
the weather stays favorable and epi- 
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