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Abstract
As an application of mathematics to engineering problems, this paper formulates a simple optimal stopping problem
to decide the opening time of harvesting farmed fishery resources that maximizes an economic objective function. A
sufficient condition for unique existence of the internal optimal opening time is provided and its concrete mathematical
analysis is carried out. Comparative statics of the optimal opening time clearly reveals its dependence on the parameters
of the farming environment. The problem is finally applied to analyzing management of a commercially important
fishery resource in Japan.
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1 Introduction
Aquacultures farm aquatic organisms for commercial
purposes and their production value has been rapidly
growing over the world [5]. Establishment of appropriate
management policies of farmed aquatic organisms from
economic viewpoints has been an urgent issue for current
fishery sectors, which would depend on type and purpose
of each aquaculture [7, 12, 13, 17, 19]. One of the most
crucial issues in operating aquacultures is to decide the
optimal opening time of harvesting the farmed fishery resources after which they are harvested and sold; however,
the opening time has empirically been determined in the
conventional aquacultures.
In order to approach this issue from a theoretical side,
this paper considers a new simple and deterministic, but
nontrivial optimal stopping (starting) problem [2, 11] on
management of farmed aquatic organisms in an aquaculture system. The goal of the problem is finding an economically optimal opening time of harvesting farmed fishery
resources, after which they are harvested with a known intensity and sold. The problem reduces to finding a solution
(the optimal opening time) to differential equations whose
behavior can be analytically resolved. This paper presents a
sufficient condition for unique existence of an internal
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solution, its comparative statics, and a real application
focusing on a current Japanese aquaculture system.
The rest of this paper is organized as follows. Section 2
presents the governing equation of the population dynamics of farmed aquatic organisms as the fishery resources.
The optimal stopping problem is formulated in the same
section. Section 3 performs mathematical analysis of the
problem with the particular emphasis on the unique existence of the optimal opening time and its comparative statics. An application of the problem to the commercially
important fish Plecoglossus altivelis (P. altivelis) in
Japan [8, 15, 18] is also performed in this section. Section
4 concludes this paper.

2 Mathematical formulation
2.1 Population dynamics

The period of farming homogenous aquatic organisms
in an aquaculture system (a pool) is the interval [0,T]
with a fixed terminal time T. The time is denoted by t.
The farming starts and ends at t = 0 and t = T, respectively.
The total number of individuals and the individual body
weight in the system are denoted as Nt : [0, T] → [0,+∞)
and Wt : [0, T] → [0,+∞), respectively. Given initial conditions N0 > 0 and W0 > 0, the governing ordinary differential equations (ODEs) of Nt and Wt are specified as


dN t
dW t
¼ − R þ cχ ft>τg N t and
¼ f ðW t Þ ¼ W t g ðW t Þ;
dt
dt

© The Author(s). 2016 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

ð1Þ

Yoshioka and Yaegashi Pacific Journal of Mathematics for Industry (2016) 8:6

respectively where R > 0 is the natural mortality, c > 0 is
the harvesting rate, and f, g ∈ C1(ℝ) are chosen so that
Wt with a sufficiently small W0 > 0 is increasing and
bounded for t ∈ [0, T] (Proposition B.7 of Smith and
Waltman [14]). τ represents the opening time of harvesting the aquatic organisms to be optimized and χS is the
usual indicator function for the set S. Note that the governing ODE of Wt, which is a source of nonlinearity of the
optimal stopping problem to be presented in this paper, is
independent of τ and is decoupled with that of Nt.
2.2 Objective function

The admissible range of τ is [0, T]. The objective function Jτ to be maximized with respect to τ is set as
Z
Jτ ¼ α

Z

T
τ

T

cN s W s ds−β

pN s W s ds

ð2Þ

0

where α > 0 and β > 0 are weight parameters and p > 0 is
the unit-time cost of farming, such as for feeding the organisms and for cleaning up their excrements in the
pool. The right side of (2) is a sum of the profit by the
harvesting during (τ,T) (first term) and the cost of the
farming during the whole period (0,T) (second term).
The objective function (2) is qualitatively different from
the conventional ones with singular control variables
having deltaic harvesting strategies that harvest the
whole population at once [9, 10, 12]. The present objective function rather considers a situation where the population is continuously harvested in time with the known
or predicted harvesting rate c and the cost of harvesting
is small and negligible. Actually, such a situation is common in actual management of farmed P. altivelis with
small-scale aquaculture systems in Japan as focused
on later.
The objective function Jτ can be rewritten as
Iτ≡

Z T
Z τ
1
Jτ ¼ −
e−Rs W s ds þ ðγ−1Þe−Rτ
e−ðRþcÞðs−τ Þ W s ds
N 0 βp
0
τ

ð3Þ
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Z T
1
K τ ¼ c 1−
e−ðRþcÞðs−τ Þ W s ds ∈ C ð½0;T Þ∩C 1 ð0;T Þ
γ τ

ð6Þ
αc
. The condition γ > 1 for the situation where
and γ ¼ βp
the profit of the harvesting exceeds the cost of farming
per unit time is assumed in this paper. Maximizing Jτ
with respect to τ is equivalent to doing so for Iτ. It is
straightforward to show that Kτ in (6) solves the
terminal value problem of the ODE



dK τ
1
¼ ðR þ cÞK τ −c 1− W τ for 0≤τ < T with K T ¼ 0:
dτ
γ

ð7Þ
Derivation procedures of (4), (5), (6), and (7) are presented in Appendix. According to (4) and the classical
theory of statistic optimization problems (Chapter 2.2 of
Bonnans et al. [1]), the optimal opening time τ = τ* assuming it is an internal solution τ* ∈ (0, T) has to satisfy
W

τ

¼K

ð8Þ
where the first equation of (8) is the necessary condition
for an extreme value and the second one is that to be a
local maximum. Notice that I ∈ C([0, T]) ∩ C2(0,T).
Remark 2.1 Mathematically, β and p can be combined
into single parameter; however, each variable has different industrial meaning: the weight and the cost. They
are separately described in this paper due to the abovementioned reason.
Remark 2.2 The present formulation and the mathematical analysis below are still valid for a stochastic counterpart
where Wt follows a diffusion process and its mean E[Ws]
is known explicitly like the stochastic Gompertz model
[4, 21]. In this case, Iτ is replaced by
Z

τ

E½I τ  ¼ −
0

ð4Þ

and

 

d2 I τ
c
−Rτ
¼
γe
c
ð
K
−W
Þ
þ
R
þ
ð
Þ
Wτ
−g
W
τ
τ
τ
γ
dτ 2
ð5Þ
where Kτ is given by

e−Rs E½W s ds þ ðγ−1Þe−Rτ

Z
τ

T

e−ðRþcÞðs−τÞ E½W s ds:

ð9Þ

with the derivatives
dI τ
¼ γe−Rτ ð−W τ þ K τ Þ
dτ



d2 I τ
c
−Rτ 


and
¼ γe
W τ R þ −g ðW τ Þ < 0
γ
dτ 2

τ

Considering the effects of uncertain model parameters
in the governing ODE of Wt as in Dorini et al. [3] can
also be possible based on (9), which will be addressed in
forthcoming papers.

3. Mathematical analysis
This section presents concrete mathematical analysis results on unique existence and comparative statics on τ*
with concise proofs. In what follows, ε represents a sufficiently small positive constant whose value depends on
the context.
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Firstly, assuming the simplest case g(Wt) = r = const > 0,
the following proposition holds.
Proposition 3.1: For g(Wt) = r = const > 0 with r > R + c,
τ * is analytically expressed as



1
γ r−ðR þ cÞ

ln 1 þ
:
τ ¼ max 0;T −
r−ðR þ cÞ
γ−1
c
ð10Þ
Based on Theorem 6.4 of Thieme [16], additional
assumptions for more realistic, sigmoid-like growth of
individuals are specified.
Assumption 3.2 f is sufficiently regular so that f ∈
C2(ℝ). There exists one a > 0 such that f(0) = f(a) = 0,
f(w) > 0 for 0 < w < a, and f″(w) < 0 for 0 < w < a. In
addition, there exists L such that 0 < L < a, f′(w) > 0 for 0
< w < L, f′(w) < 0 for L < w < a, and f′(L) = 0. Furthermore,
0 < W0 < a.
Assumption 3.2 leads to W ∈ C([0, T]) ∩ C2(0,T), 0 <
t
Wt < a with dW
dt > 0 for 0 < t < T and Wt has at most one
2

inflection point for 0 < t < T where ddtW2 t changes the
sign from positive to negative. It also leads to g(w) > 0
and g′(w) < 0 for 0 < w < a.
Notice that WT > KT = 0 and W, K ∈ C([0, T]) ∩ C1(0, T).
Therefore, at least one τ* ∈ (0, T) exists if

Z T
1
e−ðRþcÞs W s ds
ð11Þ
W 0 < K 0 ¼ c 1−
γ 0
by the classical mean value theorem, which is valid at
least for sufficiently large g: namely, for fishery resources
that grow well. The next lemma on the profile of Kτ is
used for proving unique existence of the internal τ*.
Lemma 3.3: Kτ has no local minimum and has at
most one local maximum for 0 < τ < T at some τ = τ0. In
addition, Kτ < Wτ for τ0 ≤ τ ≤ T.
(Proof of Lemma 3.3) Since K ∈ C([0, T]) ∩ C2(0, T). If Kτ
has a local minimum at a τ0 ∈ (0, T), then
straightforward to show


d2 K τ 0
1
¼
−c
1−
g ðW τ0 ÞW τ0 < 0:
γ
dτ 2

dK τ0
dτ

¼ 0. It is

ð12Þ

Hence the local extreme cannot be a local minimum,
showing that Kτ has no local minimum and therefore
has at most one local maximum for 0 < τ < T because
of its smoothness. By (7), assuming K τ0 is a local
maximum yields


c
1
ð13Þ
1− W τ0 < W τ0 ;
K τ0 ¼
Rþc
γ
which with
the proof.

dK τ
dτ

< 0 and

dW τ
dτ

> 0 for τ0 < t ≤ T completes
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Lemma 3.3 then leads to the following theorem,
which is the main result of this paper.
Theorem 3.4: τ* ∈ (0,T) uniquely exists under Assumption 3.2 and (11).
(Proof of Theorem 3.4) Assuming that Kτ has no local
maximum for 0 < τ < T, then Wτ is strictly increasing and
Kτ is strictly decreasing for 0 < τ < T by Lemma 3.3,
which immediately follows the uniqueness of τ* under
the assumptions. Assuming that Kτ has one local maxτ
imum at τ = τ0 with 0 < τ0 < T, then dK
dτ < 0 for τ0 < τ < T
dK τ
and dτ > 0 for 0 < τ < τ0 since Kτ has no local minimum.
Lemma 3.3 shows Kτ < Wτ for τ0 − ε < τ < T and thus τ*
< τ0 if τ* ∈ (0, T) exists. The existence of such τ* follows
from (11) since then dIdττ changes the sign from positive
2

to negative at τ = τ* and consequently ddτI τ2 < 0 follows
because of continuity and smoothness of Iτ. Assume that
this τ* is the largest solution to dIdττ ¼ 0 that locally maximizes Iτ. Then, since g(Wτ) is decreasing in τ,
leads to


d2 I τ
sgn
dτ 2





c
¼ sgn R þ −g ðW τ Þ
γ

d2 I τ 
dτ 2

<0


¼ −1 < 0

ð14Þ

for τ < τ* such that Wτ = Kτ. If there exist another τ = τ*
< τ* that locally maximizes dIdττ , then there has to exist τ~
with τ  < τ~ < τ  that locally minimizes Iτ because of its
continuity and smoothness.
Such τ~ has to comply with
2
both dIdττ~ = 0 and ddτI2τ~ > 0, which contradicts (14). Uniqueness of τ* ∈ (0,T) therefore follows under the
assumptions.
Theorem 3.4 with the right equation of (8) immediately
leads to the following proposition since I ∈ C([0, T]) ∩
C2(0,T).


Proposition 3.5 λ≡g ðW τ  Þ− R þ γc > 0 under Assumption 3.2 and (11).
Proposition 3.5 leads to the following comparative
statics results, which are numerically verified later as well.
Proposition 3.6: Under Assumption 3.2 and (11), the
comparative statics results
∂τ 
∂τ 
∂τ 
> 0;
< 0; and
>0
∂γ
∂R
∂c

ð15Þ

follow where the last one is subject to sufficiently small c.
(Proof of Proposition 3.6) Differentiating both sides of
W τ  ¼ K τ  with respect to each parameter and rearranging the resulting equation with the help of Leibnitz’s
rule (Appendix A of Yoshioka and Unami [20]) yields
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∂τ 
1
λ−1 > 0;
¼
γ ðγ−1Þ
∂γ
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ð16Þ



Z T
∂τ 
1

−1
¼ −c 1− W −1
λ
ðs−τ  Þe−ðRþcÞðs−τ Þ W s ds < 0;
τ
∂R
γ

τ

ð17Þ
and
∂τ 
−1
¼ W −1
τ λ
∂c

Z

T
τ



1

1−c 1− ðs−τ  Þ e−ðRþcÞðs−τ Þ W s ds > 0
γ

ð18Þ
where (18) follows if






1
1
1
1−c 1− ðs−τ  Þ > 1−c 1− ðT −τ  Þ > 1−c 1− T > 0;
γ
γ
γ

ð19Þ
namely for sufficiently small c.
Remark 3.7

∂τ 
Proposition 3.6 immediately yields ∂τ
∂α > 0, ∂β < 0, and

∂τ 
∂p

αc
< 0 since γ ¼ βp
.
Proposition 3.6 and Remark 3.7 show that increasing
the profit rate (α) or decreasing the farming cost (β or p)
increases τ* since harvesting (and selling) the more grown
organisms results in more profitable. Increasing the har
vesting rate c also increases τ* since ∂τ∂c > 0 at least for
small c. On the other hand, increasing the mortality R results in smaller τ* since only small number of individuals
may remain near the end of the farming period.
A brief application of the present optimal stopping
problem is provided focusing on an application to the
commercially important fish P. altivelis in Japan, which
are the main inland fishery resources in the country. The
P. altivelis has an annual life history, which is reviewed in
detail in the literature [15, 18] and the references therein.
In each year, farming juveniles of P. altivelis in an aquaculture system starts in spring and they mature in summer
around which harvesting opens. The harvesting ends in
the coming autumn. Hii River Fishery Cooperatives in
Shimane Prefecture, Japan that farms P. altivelis from
May to October in each year measured the mean body
weight of the individuals from May 7, 2015 (t = 0 (day)) to
July 13, 2015 (t = 55 (day)) as shown in Fig. 1, which is fitted with the conventional Verhulst model [16]


dW t
Wt
¼ bW t 1−
ð20Þ
dt
a

with W0 = 9.9 (g), a = 76.7 (g), and b = 0.04 (1/day) based
on a standard nonlinear least squares method. Reasonable
ranges of the parameters are R, p, c = O(10−3) to O(10−2)
(1/day) and α, β = O(100) where the latter is set to be non-

Fig. 1 Measured (circles) and identified Wt (curves) of farmed P. altivelis

dimensional without the loss of generality. The terminal
time is set as T = 180 (day). The optimal opening time τ* is
computed with the help of the classical four-stage RungeKutta method using (7) and (8).
Figure 2 shows profiles of Wτ and Kτ for R = 0.005 (1/
day), p = c = 0.01 (1/day), α = 5, and β = 1 (Case 1) and
for R = 0.005 (1/day), p = c = 0.02 (1/day), α = 11, and β = 1
(Case 2). The parameters in Case 1 verify (11) (τ* ϵ (0,T))
while those in Case 2 do not (τ* = 0), which is consistent
with Theorem 3.4. Fig. 2 directly implies (11).
Figures 3, 4 and 5 show the computed τ* in the R-c
phase space, p-c phase space, and α-β phase space, respectively. The results numerically confirm the comparative statics results of Proposition 3.6. It is finally noted
that the current opening time τ* that Hii River Fishery
Cooperatives is adopting is 40 (day) to 50 (day). This is
consistent with the computational results using the specified parameter values. To the authors’ knowledge, this

Fig. 2 Wτ and Kτ for R = 0.005 (1/day), p = c = 0.01 (1/day), α = 5, and
β = 1 (Case 1) and for R = 0.005 (1/day), p = c = 0.02 (1/day), α = 1.1,
and β = 1 (Case 2)
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Fig. 3 Computed τ* in the R-c phase space. τ* = 0 in the white area

kind of application of mathematical models to management of P. altivelis has not been performed so far.

4 Conclusions
As an application of mathematics to engineering problems,
this paper formulated a simple optimal stopping problem
to decide the opening time τ* of harvesting farmed aquatic
organisms in an aquaculture system. The existence and
uniqueness of τ* were mathematically analyzed. In addition,
comparative statics of τ* clearly revealed its dependence on
the parameters on the farming environment. An application example of the present optimal stopping problem was
finally provided with identified parameters.
Future research will extend the present model to a stochastic counterpart [2, 11] along with detailed mathematical analysis where uncertainties involved in the individual
growth and harvesting rate are taken into account. Considering the investment and development cost [6] for
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Fig. 5 Computed τ* in the α-β phase space. τ* = 0 in the white area

expansion or abandonment of aquacultures systems is also
a possible extension of the present mathematical model.
Verifying the theoretically derived optimal opening times
with real operations of aquacultures will be an important
research topic as well. Addressing this topic would advance and sophisticate both mathematical science and
fishery engineering.

Appendix
Derivation procedures of (4), (5), (6), and (7)
This appendix presents derivation procedures of (4),
(5), (6), and (7) in the main text.
Firstly, Iτ can be rewritten as
Z

τ

Iτ ¼ −

e−Rs W s ds þ ðγ−1Þe−Rτ

0

Z

τ

¼−

e−Rs W s ds þ ðγ−1Þecτ

0

Z

Z
τ

τ
T

T

e−ðRþcÞðs−τ Þ W s ds

e−ðRþcÞs W s ds:

ð21Þ
Differentiating both sides of (21) with respect to τ yields
 Z τ



Z T
dI τ
d
d
−
ðγ−1Þecτ
e−Rs W s ds þ
e−ðRþcÞs W s ds
¼
dτ
dτ
0
τ
Z dτ
¼ −e−Rτ W τ þ cðγ−1Þecτ

T

τZ

e−ðRþcÞs W s ds−ðγ−1Þe−Rτ W τ

T

¼ −γe−Rτ W τ þ cðγ−1Þecτ
e−ðRþcÞs W s ds

Zτ T


1
e−ðRþcÞðs−τ Þ W s ds
¼ γe−Rτ −W τ þ c 1−
γ τ
¼ γe−Rτ ð−W τ þ K τ Þ;

ð22Þ
Fig. 4 Computed τ* in the p-c phase space. τ* = 0 in the white area

which is (4) with Kτ defined in (6). Differentiating Kτ
with respect to τ then yields
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Z T
dK τ
d
1
c 1−
¼
e−ðRþcÞðs−τ Þ W s ds
dτ
γ τ
dτ
 

Z
d
1 ðRþcÞτ T −ðRþcÞs
¼
e
W s ds
c 1− e
dτ
γ
τ

7.

8.





Z T
1
1
¼ ðR þ cÞc 1− eðRþcÞτ
e−ðRþcÞs W s ds−c 1− W τ
γ
γ
τ


1
¼ ðR þ cÞK τ −c 1− W τ
γ

which proves (7). Using (23) and (1),
calculated as

d2 I τ
dτ 2

9.
10.
11.

ð23Þ

12.

can be directly

13.

14.
2

d Iτ
d
¼
γe−Rτ ð−W τ þ K τ Þ
dτ 2
dτ

15.

d
ð−W τ þ K τ Þ
dτ


dW τ dK τ
¼ γe−Rτ RW τ −RK τ −
þ
dτ
dτ



1
¼ γe−Rτ RW τ −RK τ −W τ g ðW τ Þ þ ðR þ cÞK τ −c 1− W τ
γ



c
¼ γe−Rτ cðK τ −W τ Þ þ R þ −g ðW τ Þ W τ ;
γ
¼ −Rγe−Rτ ð−W τ þ K τ Þ þ γe−Rτ

ð24Þ
which is (5).

16.
17.

18.

19.
20.
21.

Page 6 of 6

Halachmi, I.: Mathematical principles of production management and robust
layout design: Part I. 250-ton/year recirculating aquaculture system (RAS).
Aquacult. Eng. 50, 1–10 (2012)
Katano, O., Hakoyama, H., Shinichiro, S.: Japanese inland fisheries and
aquaculture: status and trends. In: Craig JE (ed.) Freshwater Fisheries
Ecology, pp. 231-240. John Wiley and Sons, Ltd, UK (2012)
León-Santana, M., Hernández, J.: Optimum management and environmental
protection in the aquaculture industry. Ecol. Econ. 64, 849–857 (2008)
Pascoe, S., Wattage, P., Naik, D.: Optimal harvesting strategies: practice versus
theory. Aquacul. Econ. Manage. 6, 295–308 (2012)
Peskir, G., Shiryaev, A.: Optimal stopping and free-boundary problems. Birkhäuser,
Basel (2006)
Poot-López, G.R., Hernández, J.M., Gasca-Leyva, E.: Analysis of ration size in Nile
tilapia production: Economics and environmental implications. Aquaculture
420, 198–205 (2014)
Quaas, M.F., Requate, T., Ruckes, K., Skonhoft, A., Vestergaard, N., Voss, R.:
Incentives for optimal management of age-structured fish populations.
Resour. Ener. Econ. 35, 113–134 (2013)
Smith, H.L., Ealtman, P.: Theory of the chemostat. Dynamics of microbial
competition. Cambridge University Press, Cambridge (1995)
Tanaka, Y., Iguchi, K., Yoshimura, J., Nakagiri, N., Tainaka, K.: Historical effect
in the territoriality of ayu fish. J. Theor. Biol. 268, 98–104 (2011)
Thieme, H.R.: Mathematics in population biology. Princeton University Press,
Princeton (2003)
Varga, M., Balogh, S., Wei, Y., Li, D., Csukas, B.: Dynamic simulation based
method for the reduction of complexity in design and control of
Recirculating Aquaculture Systems. Inform. Process. Agricult. (in press)
Yaegashi Y., Yoshioka, H., Unami, K., Fujihara, M.: Numerical simulation of a
Hamilton-Jacobi-Bellman equation for optimal management strategy of
released Plecoglossus altivelis in river systems. In: Chi, S.D., Ohn Y. (eds.)
Communications in Computer and Information Science, 603 (Chi S.D. and
Ohn S.Y., Eds.), Springer Science + Business Media, Singapore. (in press)
Yu, R., Leung, P.: Optimal partial harvesting schedule for aquaculture operations.
Marine Resour. Econ. 21, 301–315 (2006)
Yoshioka, H., Unami, K.: A cell-vertex finite volume scheme for solute transport
equations in open channel networks. Prob. Eng. Mech. 31, 30–38 (2013)
Zou, X., Li, W., Wang, K.: Ergodic method on optimal harvesting for a stochastic
Gompertz-type diffusion process. Appl. Math. Lett. 26, 170–174 (2013)

Acknowledgements
The River Fund No. 285311020 in charges of The River Foundation, JSPS
Research Grant No. 15H06417, and WEC Applied Ecology Research Grant
No. 2016-02 support this research. The authors thank Hii River Fishery
Cooperatives for providing valuable data and helpful comments.
Author details
1
Faculty of Life and Environmental Science, Shimane University,
Nishikawatsu-cho 1060, Matsue, Shimane 690-8504, Japan. 2Graduate School
of Agriculture, Kyoto University, Kitashirakawa-oiwake-cho, Sakyo-ku, Kyoto,
Kyoto 606-8502, Japan.
Received: 19 July 2016 Revised: 23 September 2016
Accepted: 10 October 2016

References
1. Bonnans, J. F., Gilbert, J.C., Lemaréchal, C., Sagastizábal, C.A.: Numerical
Optimization: Theoretical and Practical Aspects. Springer Science &
Business Media, Berlin Heidelberg (2006)
2. Dixit, A.K., Pindyck, R.S.: Investment under uncertainty. Princeton University
Press, Princeton (1994)
3. Dorini, F.A., Cecconello, M.S., Dorini, L.B.: On the logistic equation subject to
uncertainties in the environmental carrying capacity and initial population
density. Commun. Nonlin. Sci. Numer. Sim. 33, 160–173 (2016)
4. Ferrante, L., Bompadre, S., Possati, L., Leone, L.: Parameter estimation in
a Gompertzian stochastic model for tumor growth. Biometrics 56,
1076–1081 (2000)
5. Gjedrem, T., Robinson, N., Rye, M.: The importance of selective breeding in
aquaculture to meet future demands for animal protein: a review. Aquaculture
350, 117–129 (2012)
6. Golany, B., Rothblum, U.G.: Optimal investment in development projects.
Oper. Res. Lett. 36, 657–661 (2008)

Submit your manuscript to a
journal and beneﬁt from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁeld
7 Retaining the copyright to your article

Submit your next manuscript at 7 springeropen.com

