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a  b  s  t  r  a  c  t

Partial  harvesting  is an  alternative  for  managing  cash  flow  of aquaculture  farms.  We use  deterministic  and
stochastic  models  to  analyze  zootechnical,  water  quality  and  management  factors  influencing  intensive
production  of  shrimp  when  incorporating  partial  harvesting  strategies.  Data  from  a commercial  farm  in
the State  of Nayarit,  Mexico  were  used  for modeling.  The  main  factors  affecting  shrimp  production  and
its variability  were:  final  weight  and  growth  rate  of  shrimp,  water  temperature,  pond  size,  length  of  daily
aeration,  and  the  time  when  the  first partial  harvest  is  conducted.  Using  the  largest  pond  size  (4.0  ha),
minimum  length  of  aeration  (7.5  h), and  first harvesting  at 8.5  weeks  resulted  in  a  minimum  total  harvest
of  2690  kg  ha−1 (partial  and  final  harvests  of 643, 269,  1075,  and  703  kg ha−1). Using  the  smallest  pond  size
(1.0  ha), maximum  length  of  aeration  (7.9 h), and  first harvesting  at 11.5  weeks  resulted  in a  maximum
total  harvest  of  3524  kg ha−1 (partial  and  final  harvests  of 1111,  234,  997,  and  1182  kg ha−1). The  increase
in  shrimp  production  from  improved  management  was  31%.  The  stochastic  model  showed  that  increasing
farm  size  from  1 to 40 ha  diminished  the variability  of  shrimp  production  by  84.0%,  meaning  a  reduction
of  2.2%  per  hectare  as  size  increased.  Sensitivity  analysis  indicated  that,  overall,  final  weight  of shrimp
and  length  of  aeration  are  the  most  important  factors  determining  production.  The  models  can  be used
to  determine,  in  future  research,  the optimum  harvesting  strategy,  using  a bioeconomic  approach.

©  2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Cash flow problems lead to more aquaculture business failures
than any other problem (Engle, 2010). Partial harvesting is a strat-
egy for managing cash flow of aquaculture farms. Selling off part
of the inventory reduces stocking densities on the farm, resulting
in faster growth of the remaining fish and greater turnover of the
crop. Revenue from selling off a portion of the crop and the higher
turnover of the crop often improves cash flow and reduces cash
deficits (Engle, 2010).
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Despite the relevance that this practice entails from an eco-
nomic perspective, the number of studies analyzing the advantages
and management of partial harvesting is relatively scarce. Forsberg
(1999), using a bioeconomic approach, determined that it is more
profitable to size-grade salmon prior to harvest compared to har-
vesting a batch of fish with similar size distribution to that of the
standing stock. Brummett (2002) compared three typical partial
harvesting systems and an unharvested control for tilapia in terms
of gross yield and observed that significantly higher yields were
obtained in ponds that were partly harvested by hook and line. Yu
and Leung (2006) used impulsive control theory to develop a par-
tial harvesting model capable of addressing discrete and another
partial harvesting strategies for shrimp. Yu et al. (2009) developed
a model of partial harvesting of shrimp, using the network-flow
approach.
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Partial harvesting in shrimp farms in Mexico is a common
practice and, according to FIRA (2009), at least three strategies
are used. One focuses on increasing yields by stocking at high
densities and partly harvesting 12–18 g shrimp. This practice thins
the shrimp stock in ponds, allowing final harvests of medium and
large shrimp. This strategy brings liquidity, but the price of early
harvested shrimp is low. A second strategy seeks large shrimp size
by using low stocking densities and carrying out one or two  par-
tial harvests of 16–18 g shrimp, which leads to large shrimp (>30 g)
at final harvest. A third strategy is a combination of the previous
ones, obtaining intermediate yields. Monitoring shrimp prices is
emphasized under this last strategy.

Hernandez-Llamas and Zarain-Herzberg (2011) used a bioeco-
nomic model to analyze shrimp production raised in floating cages
in northwestern Mexico, and determined that partial harvesting
provided higher revenue compared to a one-time harvest. Apart
from that study, there are no antecedents of investigations analyz-
ing partial harvests of shrimp in Mexico.

The principal objective of this investigation was  to analyze
the zootechnical, water quality and management factors influenc-
ing intensive shrimp production incorporating partial harvesting
strategies. For this, we  developed deterministic and stochastic
models that were calibrated with primary data from an intensive
commercial shrimp farm operating in the state of Nayarit, Mexico.
The production models from this study are intended to be used
as a part of a bioeconomic model in future research for definition
of the management strategies that, not only maximize biological
production, but economic performance as well.

2. Materials and methods

2.1. Data survey

Data from a commercial intensive shrimp farm in the State of
Nayarit were used. There were 29 cases (ponds) operating during
summer at a stocking density of 30 post-larvae m−2 for 19 weeks,
and conducting three partial harvests. The database allowed us
analyzing the following variables for each pond: mean weight of
shrimp, survival, mean pond water temperature, mean dissolved
oxygen content, mean length of daily aeration (length of aeration,
hereafter), time when each of the three partial harvests was done,
and percentage of the stock that was taken at each harvest. The
mean, minimum and maximum values of these variables are shown
in Table 1, together with the dates and mean weight of shrimp at
each partial harvest.

2.2. Deterministic model

A deterministic stock model was used to calculate shrimp
biomass (bt), as a function of time (t):

bt = wtnt (1)

where wt is the mean weight of shrimp and nt is the number of
surviving shrimp at time t.

The growth curve proposed by Ruiz-Velazco et al. (2010) was
used to calculate wt:

wt = wi +
(

wf − wi

)(
1 − kt

1 − kh

)3

(2)

where wi is the initial weight, wf is final weight, k is the rate at
which wt changes from its initial value to its final value, t is the
number of time units for which wt is calculateed (such as 5 if wt

is calculateed for five weeks), and h is the number of time units at
final harvest.

To calculate nt, survival was  conceptualized as a series of succes-
sive events involving, for every partial harvest, two phases. During
the first phase, survival is calculated until the first partial harvest,
thereafter, survival is calculated for a second phase until the next
partial harvest. This second phase becomes, in turn, the first phase
of the next event involving the next partial harvest. Survival is cal-
culated in this way until the final harvest. As a consequence, the
analysis included four phases over the course of production: the
initial phase previous to the first partial harvest, and three more
immediately after the first, second and third partial harvests. These
phases will be named phase 1, phase 2, phase 3, and phase 4, mean-
ing that they correspond to the periods previous to partial harvests
1, 2, and 3, and the final harvest.

To model these events, the diphasic model proposed by Ruiz-
Velazco et al. (2014) was used. According with the authors, the
general form of the survival equation (Gulland, 1969) used for each
phase is:

nt = N0 exp (−zt) (3)

where nt is the number of live shrimp at time t, N0 is the initial
number of shrimp, and z is the instantaneous rate of mortality.

If F1(t) and F2(t) are the algebraic expressions of the general
survival model corresponding to the two  phases of survival, we
have:

F1 (t) = N0,1 exp (−z1t) (4)

Table 1
Mean, minimum and maximum values of the variables in the database used for analysis, together with dates
and  means weight of shrimp at each partial harvest.

Variable Mean Minimum Maximum

Weight of shrimp (g) 18.6 14.9 22.9
Water temperature (◦C) 32.6 31.5 33.3
Dissolve oxygen (mg  L−1) 6.5 5.4 7.3
Pond size (ha) 2.4 1.0 4.0
Length of aeration (h) 7.7 7.5 7.9
Time of first partial harvest (weeks) 9.5 8.5 11.5
Time of second partial harvest (weeks) 13 12.5 13.5
Time of third partial harvest (week) 15.5 14.5 17.5
First partial harvest of standing stock (%) 23.43 19.0 28.0
Second partial harvest of standing stock (%) 16.84 7.0 27.0
Third partial harvest of standing stock (%) 22.09 15.0 29.0
Date of first partial harvest (day/month) 20/Aug. 10/Sept.
Date of second partial harvest (day/month) 17/Sept. 24/Sept.
Date of third partial harvest (day/month) 01/Oct. 22/Oct.
Weight of shrimp at first partial harvest (g) 10.36 8.2 13.1
Weight of shrimp at second partial harvest (g) 14 12.6 15.1
Weight of shrimp at third partial harvest (g) 16 14.2 18
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