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governorates were interviewed and four focus group discussions were held with 61 participants in March
2012. Technical characteristics and economic performance data were obtained for three tilapia hatchery systems:
hapa-based in earthen ponds (hapa), hapa-based in greenhouse tunnels (greenhouse) and concrete tanks in
greenhouse tunnels with water heating (heated greenhouse).
The study showed that the average tilapia hatchery production was 9.92 million seed per year (5.82 million,
12.17 million and 12.25 million for hapa, greenhouse and heated greenhouse systems, respectively) while the
Fry production average employment level was 4.5 full-time equivalents (FTE). On average 95.8% of hatchery production was
Critical factors sold as fry, while only 4.3% of seed production was sold as fingerlings. Both total costs and total revenues were
Egypt highest in heated greenhouse hatcheries, followed by greenhouse-based and lowest in hapa-based systems.
Net profits were highest in greenhouse-based systems (45.1% of sales), compared to both heated greenhouse
(33.2% of sales) and hapa-based systems (37.6% of sales).
Focus group discussions showed that hatchery operators currently face many critical factors: shortages of good
quality brood fish; poor water quality and shortages of water; high fuel costs; lack of access to affordable finance;
a ban on fry transport between governorates; and limited knowledge of best management practices.
The study concluded that greenhouse-based hatcheries are more profitable than heated greenhouse systems which
produce more but face additional costs and hapa-based hatcheries which are low-cost but have a shorter production
period. Greenhouse-based hatcheries are also more likely to remain profitable when faced with financial shocks.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
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1. Introduction

Egyptian fishery production grew from 724,300 tons in 2000 to
1.3 million tons in 2010 (GAFRD, 2011) primarily due to growth in
aquaculture production which increased its share of total production
from 47% in 2000 to 70% in 2010 (GAFRD, 2011; Macfadyen et al.,
2012). Mapping of the fish seed value chain in early 2012 revealed
that there has been a corresponding expansion of the tilapia hatchery
sector. The Egyptian fish seed sector started in the 1980s when the gov-
ernment decided to establish 14 freshwater carp hatcheries (Nasr-Allah
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et al,, 2012; Saleh, 2007). These hatcheries also started spawning tilapia
in earthen ponds using the methods described by Yater and Smith
(1985) and Little and Hulata (2000). The first private tilapia hatchery
started operation in 1992, increasing to seven by 1996 and reaching
135 licensed and an unknown number of unlicensed hatcheries by
2010 (GAFRD, 2011; Radwan, 2008). Mapping by the Improving Em-
ployment and Incomes through Development of Egypt's Aquaculture
Sector (IEIDEAS) project in 2012 suggested that there are around 440 ti-
lapia hatcheries in Egypt (Nasr-Allah et al., 2012).

Most use hapa-based production systems in earthen ponds using the
methods developed in South East Asia for commercial production of
Nile tilapia fry and fingerlings (Bhujel et al., 2001, 2007; Escover et al.,
1987; Little and Hulata, 2000; Little et al., 1995). Hapas in ponds are
cheap to construct and more convenient to manage in commercial tila-
pia hatcheries (Bhujel, 2000). A range of hapa sizes are used; in Egypt,
they are typically 7 m x 3 m x 1 m whereas Bhujel et al. (2001) reported
the use of larger nylon hapas (24 m x 5 m) suspended in fertilized
ponds for tilapia spawning in Thailand.

0044-8486/© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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One of the main challenges faced by Egyptian aquaculture is the sea-
sonality of the climate. While summer temperatures are very suitable
for growth and reproduction of the main farmed species, Nile tilapia,
winter temperatures fall well below the optimal levels for growth and
propagation (25-30 °C). Saleh (2007) stated that surface water temper-
atures in winter are between 19 and 20 °C on sunny days, and falling to
7-10 °C in colder weather. If fish are kept in shallow water they can
suffer stress leading to high mortalities if low temperatures persist.

A recent modification of hapa-based systems has been to cover
ponds with greenhouses to increase water temperatures and facilitate
early spawning of tilapia (Saleh, 2007). Other hatchery operators have
developed tank based spawning systems, also enclosed by greenhouses
and often supplied with heated water from boilers or groundwater
(Sadek, 2011). Using these systems, hatchery operators are able to
meet the high demand for seed by fish farmers early in the season
(Abou-Zied and Ali, 2007; Eldokla et al., 2011; Macfadyen et al., 2012;
Naiel et al., 2011; Nasr-Allah et al., 2012; Radwan, 2008; Saleh, 2007).

Only a limited number of studies have highlighted the technical
characteristics and economic performance of different commercial tila-
pia hatchery systems in Egypt (Abou-Zied and Ali, 2007; Eldokla et al.,
2011; Naiel et al., 2011). None of them focused on critical factors facing
operators of fish hatcheries.

This paper compares the economic and technical performance of
three different types of tilapia hatcheries, identifies critical hatchery
subsector problems and proposes recommended actions to address
them.

The three different tilapia systems are as follows:

* hapas in outdoor ponds (hapa) (Fig. 1),

» hapas in ponds enclosed by a greenhouse tunnel (greenhouse)
(Fig. 2), and

« tanks supplied by heated water (from a boiler or borehole) and
enclosed by a greenhouse tunnel (heated greenhouse) (Fig. 3).

The analysis is designed to help Egyptian fish farmers to make in-
formed decisions about which type of hatchery to operate. However, it
is also relevant to fish farms in many other parts of the world where ti-
lapia hatcheries face fluctuating temperature regimes, such as high alti-
tude zones of tropical and sub-tropical Africa, and areas encountering
the effects of climate change.

2. Materials and methods
2.1. Area of study
The current study was based on collecting production and financial

information from freshwater tilapia hatcheries in four Egyptian gover-
norates. The selected governorates collectively produced an estimated

Fig. 2. Greenhouse-based hatchery (hapas placed in an earthen pond under a greenhouse
tunnel).

74% of Egyptian farmed fish in 2010 (GAFRD, 2011). Three of the four
governorates (Behera, Kafr el Sheikh and Sharkia) are located in the
Nile Delta, while the fourth governorate, Fayoum, is located south
west of Cairo. Fig. 4 shows a geographical distribution of the study
areas. According to official statistics 90% of licensed private tilapia
hatcheries are located within the study area (GAFRD, 2011).

2.2. Field work

As most of the Egyptian aquaculture industry is unlicensed and reli-
able statistics are lacking, the study team reviewed available statistics
and contacted key informants to estimate the likely scale and distribu-
tion of Egyptian tilapia hatcheries. The information was used to decide
on the number of interviews to be carried out on a stratified basis ac-
cording to number of hatcheries in each governorate (Table 1).

A detailed questionnaire for freshwater fish hatchery operators
based on methodologies developed for a value chain analysis of
the Egyptian aquaculture industry was drafted in English and then
translated into Arabic (Macfadyen et al.,, 2012). The questionnaire was
revised, discussed and modified by the study team, then piloted at the
WorldFish research center in Abbassa with a hatchery manager before
being finalized and printed.

Fig. 1. Hapa-based hatchery (hapas tied to wooden poles fixed in open earthen ponds).

Fig. 3. Heated greenhouse hatchery (concrete tanks under a greenhouse tunnel equipped
with a water heating system).
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Fig. 4. Location of study governorates on the map of Egypt.

In order to overcome the difficulties in the coordination of inter-
views with target groups, local contacts in each of the governorates
were used to arrange for small groups of hatchery owners and managers
to meet the study team at a central location. Individual interviews gen-
erally lasted around 60 to 75 min, prior to a focus group discussion ses-
sion, which also lasted around 60 min. Table 1 provides information on
the number of hatcheries per governorate, the number of individual
questionnaires completed with stakeholders in each governorate and
the number of participants in the focus group discussions.

2.3. Data entry and analysis

Data from the questionnaires were entered into a Microsoft Excel
spreadsheet file and checked for accuracy with the interviewers. The
questionnaires generated data on production systems and production
cycle, hatchery inputs and seed production to generate data on opera-
tional characteristics. The questionnaire did not capture quantitative
data of amount of water use and water quality parameters in hatcheries
as the majority of hatcheries do not have equipment for measuring
water inflow rates and do not have water quality monitoring Kkits.
Data on sales volumes and values and on operational and fixed costs
allowed for the construction of cost and earnings models for each re-
spondent. The interviews included questions on the number of people
employed and on the nature of that employment (full-time, part-time
or seasonal). The data collected were converted into full-time equiva-
lent (FTE) jobs. Calculation of seed outputs from the hatcheries in this
study was based on the number of seed output in each hatchery rather
than direct counting of seed production by each female at harvest seed
from spawning unit.

Table 1
Number of hatcheries, hatchery operators interviewed and participants in focus group
discussions per governorate.

Governorate Number of ~ Number of hatcheries ~ Number of participants
hatcheries®  surveyed in focus group discussions”

Behera 42 8 12

Fayoum 35 8 20

Kafr el Sheikh 160 24 19

Sharkia 60 10 10

Totals 297 50 61

2 Number of operational hatcheries licensed and unlicensed.
" One focus group discussion was held for each governorate.

The financial performance of the three hatchery systems was com-
pared by developing a cost and income table as described by Escover
et al. (1987) and Naiel et al. (2011). The main indicator of financial per-
formance was net hatchery income (NHI) expressed as:

NHI = GR—TC
where;

NHI = Net Hatchery Income

TC = (TVC + TFC) = P, - X

P, = Unit Price of Input

X = Quantity of Input

GR=P,-Y

GR = Gross Return/hatchery

P, = Unit Price of Output

Y = Quantity of Output

TC = Total Cost(US$)

TFC = Total Fixed Cost(US$)

TVC = Total Variable Cost(USS$).

Calculation of depreciation costs of equipment was computed using
the straight line method (Jolly and Clonts, 1993), where annual depreci-
ation = (Cost — Salvage Value) / Useful life and the salvage value for all
equipment was assumed to be zero (Asmah, 2008). Value added was
calculated according to Macfadyen et al. (2012).

Statistical analysis was carried out using SPSS (version 10.0) accord-
ing to the method of Steel and Torrie (1980) (SPSS, Inc., Chicago, Illinois,
USA). Tests were performed on key dependent variables to confirm
that they were normally distributed before carrying out ANOVA tests
(P> 0.05).

Analysis of variance (ANOVA) and Duncan's Post-Hoc Multiple Com-
parisons Test were performed to evaluate the differences among means
(Duncan, 1955). Differences were considered significant at a probability
level of 0.05. Regression analysis was used to determine the relationship
between the number of female broodstock and seed production in the
different hatchery systems.

Descriptive data generated through focus group discussions could
not be analyzed statistically.

3. Results and discussion
3.1. Operational characteristics of tilapia hatcheries
All the hatchery operators interviewed specialize in producing

all-male, Nile tilapia fry and fingerlings. In order to produce all-male
tilapia, fry are fed immediately after yolk sac absorption on hormone
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(17o-methyltestosterone) treated feed for 3-4 weeks at a dose of
60 mg/kg feed (Saleh, 2007). All male tilapia are generally faster grow-
ing than females and the technique reduces or eliminates problems
caused by early reproduction in ponds (Nasr-Allah et al, 2012).
Egyptian tilapia hatcheries operate on a seasonal basis as temperatures
are too low during winter months (November-February). The usual ti-
lapia spawning cycle in Egypt starts with stocking of breeding systems
with brood fish in February-April. Collection of fry starts two weeks
after brood fish are stocked. Heated greenhouse hatcheries start stock-
ing brooders and warming water in February, while hapa-based hatch-
eries start stocking brooders in April. The fry then undergo sex-reversal
for 3-4 weeks before they are sold as all-male fry (0.2-0.5 g). It takes
another 4-6 weeks before these fish can be sold as fingerlings (1-5 g)
(Nasr-Allah et al.,, 2012; Saleh, 2007).

As shown in Table 2, the average time that hatcheries had been in
operation was 11 years, ranging from 9.9 years for the hapa based
hatcheries to 11.9 years for greenhouse heated hatcheries. The average
land area used for the hatcheries (1.72 ha) increased significantly with
increasing levels of technical intervention (hapa, greenhouse, and heat-
ed greenhouse). Land tenure was a mixture of owned land and rented
land (42% and 58%, respectively).

The average number of concrete tanks and hapas used in each hatch-
ery system is summarized in Table 2. The usual dimensions of spawning
tanks were 8 m long x 3 m wide x 1 m deep, while the usual hapa di-
mension was 7 m x 3 m x 1 m (Nasr-Allah et al., 2012). The average
number of concrete tanks per hatchery was highest in heated green-
house systems (66.4) followed by greenhouse only (44.2) and outdoor
(hapa-based) hatcheries (1.9). The average number of hapas was 75 in
heated greenhouse systems, 86 in outdoor hapa-based systems and
95.6 in greenhouse-based hatcheries. Operators of heated greenhouse
hatcheries explained that they use hapas in addition to their enclosed

tanks for spawning and early rearing during the summer to scale up
production.

The average annual seed (fry and fingerling) production rate per
hatchery was 9.92 million/year. It was significantly lower (P < 0.05)
in hapa-based hatcheries (5.82 million/year) than in greenhouse
hatcheries (12.17 million/year) or heated greenhouse hatcheries
(12.25 million/year). These figures are higher than the average
Egyptian hatchery production rates of 4.5 and 5.85 million per year as
reported by Eldokla et al. (2011) and Naiel et al. (2011). Bhujel et al.
(2001) reported that high numbers of broodstock are required in
large scale tilapia hatcheries in Thailand to produce 5-10 million tilapia
fry per month. The average total number of broodstock (male and fe-
male) held in hatcheries was highest in greenhouse systems (13,917)
followed by heated greenhouse hatcheries (12,172) and outdoor
hapa-based hatcheries (7261) but there was no significant difference
between systems (P> 0.05). Naiel et al. (2011) reported an average of
4340 female broodstock per tilapia hatchery in 2009 compared to an av-
erage of 8440 per hatchery in this study. The relationship between seed
output and number of females stocked in the three hatchery systems is
shown in Fig. 5. Seed output numbers show a strong positive correlation
(P< 0.01) with the number of female broodstock in each of the hatchery
systems.

Extruded, floating fish feeds are now widely available in Egypt and
are used in many hatcheries. The average protein level in broodstock
feeds used by tilapia hatcheries in this study was 30.4% (Table 2). A
high level of dietary protein in feed for tilapia broodstock has been
found to increase the number of eggs per spawn and reduce the
spawning interval (Bhujel, 2000; Little and Hulata, 2000). Bhujel et al.
(2007) studied the relationship between feeding rate and seed output
and reported that the optimal feeding rate was 2% of fish weight/day.
In this study, hatchery operators reported that they use a high protein

Table 2
Summary of operational characteristics of Egyptian tilapia hatcheries using different production systems.
Hapa Greenhouse Heated greenhouse All*

Number of hatcheries interviewed 18 9 23 50
Years involved in the sector 99 + 09° 109 + 1.5% 119 + 0.8* 11 + 06
Average hatchery size (ha) 1.08 + 0.13° 194 + 0.34° 214 £ 0277 1.72 £ 0.16
Land ownership

Owned 33% 44% 48% 42%

Rented 67% 56% 52% 58%
Spawning facility

Number of tanks 19 + 1.9° 442 + 7.7° 664 + 8.5° 381 £ 59

Number of hapas 85.9 + 19.9° 95.6 4 24.4° 749 + 24.2° 82.6 + 13.6
Average production per year (million) 5.82 + 0.7° 1217 + 2.2° 1225 + 1.1° 992 + 0.8
# of broodstock 7278 4 883° 13,917 + 2,032 12,172 + 1,227° 10,718 4 819
# of females 5583 + 683° 11,111 &+ 1,670° 9630 + 975% 8440 + 661
# of males 1694 + 214° 2806 + 4522 2422 + 280" 2229 4+ 178
Average size of female (g) 210 £ 11.5° 282 + 61 325 + 277 2758 + 183
Average size of male (g) 252 4+ 107 319 + 88* 346 + 24° 307.1 £ 20
Brooder stocking rate/m? 49 + 041° 29 +017° 32 4 024° 37 +£022
Female to male ratio 2.9 + 0.04% 3.0 + 0.00° 29 4+ 0.55% 294038
Brooder feed (crude protein %) 29.8 + 1° 31.7 +£ 1.6° 304 + 0.8° 304 £ 0.6
Fry feed (crude protein %) 472 +1.5° 431 £ 2.7° 449 4+ 14° 454 +£ 1.0
Number of cycles per year 428 + 0.16° 456 + 023 4.96 + 0.18* 46 + 0.12
Days between batches 15.06 + 0.19* 14.67 + 0.33* 1296 + 027° 14 £ 02
Spawning period (months) 50 £+ 0.21° 6.67 + 041° 7.57 £ 0177 6.5 £ 0.21
Marketing period (months) 49 4+ 0.21° 59 4+ 039° 6.2 + 0.22° 5.7 + 0.16
Seed production (1000/day) 408 + 5.3° 60.8 + 9.67° 541 + 5.0% 50.5 + 3.5
Seed production/female/year 1066 + 59? 1095 + 92° 1347 + 99° 1201 + 56
Seed production/female/cycle 251 4+ 127 241 4+ 18 270 + 23* 258 + 12
Seed production/female/day 731 + 0.48° 5.71 + 0.68° 6.01 + 0.57¢ 642 + 034
Seed production/g female/year 532 + 0.42° 458 + 0.62* 4.69 4+ 04° 490 £ 0.26
Seed production per year (1000/m? of spawning area) 6.65 £+ 0.73° 541 + 0.89° 7.31 £ 0.89° 6.73 £ 0.53
Stocking density during hormonal treatment (fry/m?) 2304 + 160° 3091 4 220° 3118 + 67¢ 2820 + 93
Seed production (million/ha) 6.1 £+ 0.72° 7.8 £2.14° 7.7 + 0.94° 577 £ 0.63
FTE/hatchery 337 £ 0.29° 475 + 054 5.3 + 0477 451 + 0.28
FTE per ha 3.67 + 0.36° 3.02 £+ 0.58° 293 4+ 0.26° 322 £ 021
FTE per 1 million fry 0.68 + 0.07° 044 4+ 0.05* 0.53 + 0.09° 0.57 £+ 0.05

Means in the same rows with different superscripts are significantly different (P < 0.05).
@ All represent total or weighted mean of the sample.
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Fig. 5. Regression analysis of seed production (in millions) and number of females (in
thousands) for the three hatchery systems. Hapa hatchery: Y = 1.087 + 0.880x (R*> =
0.800, P < 0.001). Greenhouse hatchery: Y = —1.261 + 1.213x (R*> = 0.832, P< 0.01).
Heated greenhouse: Y = 3.934 + 0.874x (R?> = 0.636, P< 0.001).

(average 45.4% CP) powder feed for feeding tilapia fry (Table 2). Most
operators rely on commercial fry feed produced by local companies
while some produce their own on-farm feed.

The average stocking rate for broodstock in outdoor, hapa-based
hatcheries in this study was 4.9 fish per square meter of water surface,
which was significantly higher than in greenhouse-based hatcheries
(2.9 fish per square meter) and heated greenhouse systems (3.2 fish
per square meter) (P < 0.05). The reported sex ratio of 3 females to 1
male was the same in all three systems. Bhujel (2000) reported that
high broodstock stocking densities could have a negative effect on
seed production, also concluding that biomass weight or the relative
sizes of male and female fish are more important than the sex ratio.
The female to male sex ratio reported in this study was lower than
that reported by Yater and Smith (1985) and Escover et al. (1987).

Manipulation of the water temperature enabled significant increases
in number of spawning cycles per year (P < 0.05). The number of days
interval between fry collection batches was significantly (P < 0.05)
shortened in heated greenhouse-based systems compared to hapa-
based systems and greenhouse based-systems (Table 2). Hatchery oper-
ators practice broodstock rotation and only stock mature females in the
spawning units while resting spent females in hapas or tanks, separated
from males.

The study showed that hatcheries with greater control over water
temperatures were able to complete more spawning cycles per year and
have shorter intervals between collections of spawning batches. Heated
greenhouse hatcheries produced an average of 1347 fry per female per
year compared to 1095 in greenhouse-based hatcheries and 1066 in out-
door, hapa-based hatcheries. Naiel et al. (2011) reported that fry produc-
tion in Egyptian tilapia hatcheries was 1467 fry/female/year while Abou-
Zied and Ali (2007) reported between 519 and 951 fry/female/year in
their study on Fayoum tilapia hatcheries suggesting that variation was
due to differing female weights, hatching and hatchery management sys-
tems. This study found that seed production per day varied significantly
between systems (P < 0.05) with the highest in greenhouse systems
followed by heated greenhouse and finally hapa-based systems (60.8,
54.1, and 40.8 thousand seed/day, respectively). The average seed pro-
duction rate across all systems was 50.0 thousand seed/day.

The number of fry produced per female per cycle was not significant-
ly different (P> 0.05) between the three hatchery systems. Similarly,
seed production per unit weight of females was not significantly differ-
ent between the three hatchery systems with an average of 4.9 fry/g of

female weight per cycle. The average number of seed produced per fe-
male per day was 6.42 with no significant differences between hatchery
systems.

Greenhouse and heated greenhouse hatcheries used significantly
higher fry stocking rates during hormone treatment (P < 0.05). These
ranged from 2304 fry/m? in hapa-based hatcheries to 3118 fry/m? in
greenhouse and heating systems, with an average stocking rate of
2820 fry/m?. Increasing the level of control over water temperature
was generally accompanied by increasing investment. The more sophis-
ticated hatcheries also invested in water aeration equipment, allowing
them to safely hold higher numbers of fry.

Table 2 includes the data collected on employment in Egyptian fish
hatcheries. The average number of full-time equivalent (FTE) jobs was
higher in more intensive hatcheries (3.37, 4.75 and 5.3 FTE/hatchery
for hapa, greenhouse and heated greenhouse, respectively). The num-
ber of jobs per unit area appeared to be slightly higher in hapa-based
systems (3.13 FTE/ha), followed by heated greenhouse (2.48 FTE/ha)
and greenhouse systems (2.45 FTE/ha), however the differences were
not statistically significant (P> 0.05). Nasr-Allah et al. (2012) reported
that a high proportion (59%) of hatchery employees were under
30 years old and that hatchery employees tend to be classed as skilled
staff receiving higher wages than ordinary agricultural laborers.

Fig. 6 shows how the three types of hatchery operators differed in
their marketing strategies. On average, 48% of production by simple,
hapa-based hatcheries was for their own use as an integral part of the
owners' fish farm, while 42% was sold to other fish farmers, and 10%
was sold through fry traders. In contrast, greenhouse and heated green-
house hatcheries were more commercially orientated using less them-
selves and selling more to fish farms and to traders. On average,
greenhouse-based hatcheries used only 25% of their production for
their own farms but sold 49% to other farmers and 26% to fry traders,
while operators of heated greenhouse hatcheries sold 73% of their pro-
duction to farmers and 9% to fry traders. Production and marketing
strategies are most likely determined by a range of factors including
local market opportunities for fry, the skill levels of hatchery staff and
the extra investment needed to operate a commercial hatchery.

Fry and fingerling traders purchase seed from hatcheries and sell to
farmers. In some cases, the traders simply act as middle men, selling the
fish seed directly to farmers while in others the traders stock fry into
nursery ponds and grow them for a period sometimes over-wintering
them to benefit from strong demand for fingerlings at the start of the
next growing season. Escover et al. (1987) reported that in the
Philippines, 18% of tilapia seed passed through middlemen while 82%
were sold directly to the end user. Nasr-Allah et al. (2012) stated that
on average, 56% of tilapia seed production was sold for cash and 44%
was sold on credit that took an average of 8 months to be paid off.
Yater and Smith (1985) found that private tilapia hatcheries in Laguna

100%

10% " 25.3%% 8.5%"

90%
80%

70%

60%

To fry traders
50%

u To other farms

40% own farm

30%

20%

10%

0%

Hapa Greenhouse Heated greenhouse

Fig. 6. Marketing strategies for the three types of tilapia hatchery in Egypt. Means in the
similar color section with different superscripts are significantly different (P < 0.05).
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and Rizal provinces in the Philippines sold 31% of their production on
credit.

3.2. Production costs

Table 3 presents information on variable costs (VC) and fixed costs
(FC) per million seed produced in the three hatchery systems. On aver-
age, 40% of variable costs were allocated to wages including staff salaries
(28%) and casual labor (12%) while fish feed was 24% of variable costs.
This result is within the range of results reported by Eldokla et al.
(2011), and Naiel et al. (2011) who reported that wage costs for tilapia
hatcheries were 28.2% and 53% of operational costs, respectively while
labor costs represented around 48% of variable costs in a study on
hapa-based tilapia hatcheries in Thailand (Bhujel et al., 2001).

In the current study, the second highest proportion of variable costs
(24%) was for fish feed. This is similar to the results reported by Escover
et al. (1987) and Bhujel et al. (2001), but lower than the proportion re-
ported by Yater and Smith (1985) and Eldokla et al. (2011) who found
feed costs to be 39% and 53% of variable costs in tilapia hatcheries,
respectively.

In the current study the cost of 17a-methyltestesterone (MT) hor-
mone was higher in hatcheries operating hapa-based systems compared
to the other hatchery systems. Fuel costs per million fry produced were
notably higher in heated greenhouse systems (US$ 391, 13% of variable
costs) compared to hapa-based (US$ 82, 3% of variable costs) and
greenhouse-based (US$ 60, 3% of variable costs) systems.

Average total variable costs per million fry were noticeably lower in
greenhouse-based hatcheries (US$ 2127), compared to hapa-based
hatcheries (US$ 2685.7). This may be due to higher production levels
in greenhouse hatcheries (average 12.17 million fry per year) compared
to outdoor, hapa-based hatcheries, which on average produced only
5.82 million fry per year, leading to economies of scale for items such
as wages, fuel, water, food and drinks and miscellaneous costs.

Fixed costs averaged 19.6% of total costs but the proportion varied
between systems. A similar result was reported by Escover et al.
(1987) who found that fixed costs represented 19% of total costs

whereas fixed costs represented 29% of total costs in the study by
Eldokla et al. (2011) and 32-35% in the study by Bhujel et al. (2001).
The highest average fixed costs were for depreciation of equipment
and land rent (Table 3). This is similar to the fixed costs reported by
Yater and Smith (1985) and Escover et al. (1987). The current study
found that fixed costs per unit of fry production were highest in heated
greenhouse hatcheries (average US$ 893.9 per million fry produced per
year) followed by greenhouse (US$ 677 per million fry per year) and
hapa-based hatcheries (US$ 408.7 per million fry per year).

3.3. Seed production and sales revenue

Table 4 summarizes the data on sales from the different types of tila-
pia hatchery, analyzed by sales category: fry, fingerlings and broodstock.
The results demonstrate that the main market for tilapia seed in Egypt is
for fry (95.6%) rather than fingerlings (4.3%), as fry are much cheaper
(US$ 5 per 1000 fry) compared to fingerlings (US$ 20 per 1000 finger-
lings) and are easily transported. The most common selling size for tila-
pia seed is 0.2-0.5 g (just after sex reversal), while fingerlings are sold in
the size range from 1 to 5 g after rearing for about 30-45 days in nursery
ponds (Nasr-Allah et al., 2012; Saleh, 2007). Tilapia fry and fingerling
prices are relatively cheap compared to other countries, according to
benchmarking carried out by Nasr-Allah et al. (2012) who reported
that mono-sex tilapia fry of a similar size are sold at US$ 12 per thou-
sand in Thailand and similarly sized fingerlings at US$ 82 per thousand
in Kenya.

The study revealed that revenue from fry sales was significantly
higher (P < 0.05) in greenhouse and heated greenhouse hatcheries
compared to hapa based hatcheries. On average, fry sales represented
85% of sales revenue from the three hatchery systems. Average hatchery
revenue was US$ 28,845 per hatchery per year in hapa based systems
compared to US$ 62,178 in greenhouse based systems and US$ 74,196
in heated greenhouse systems. In contrast, Naiel et al. (2011) reported
that greenhouse based hatcheries generated higher revenue levels
than heated greenhouse and hapa based hatcheries.

Table 3

Production costs per million tilapia seed produced in the three hatchery systems.
Item Hapa Greenhouse Heated greenhouse All*

Value % Value % Value % Value %

Variable costs ($/million seed)
Brooder feed 367 13.7 402.2 189 540.6 17.2 4532 16.2
Fry feed 2413 9 212.2 10 202.2 6.4 218.1 7.8
Fingerling feed 40.8 1.5 17.7 0.8 206.5 6.6 1129 4
Hormone 86.9 3.2 55.7 2.6 60.7 19 69.2 25
Ethyl alcohol 37.7 14 233 1.1 35.2 1.1 34 12
Feed additives 20.7 0.8 92.7 44 224 0.7 344 12
Other chemicals 52.8 2 34 16 21.6 0.7 35.1 13
Salaries 755.8 289 452.6 213 914.8 29.0 781.6 279
Wages 437.8 16.3 3315 15.6 238.5 7.6 327 11.7
Fuel 82.2 31 60.4 2.8 391 124 2203 79
Water 24 0.1 18 0.1 43 0.1 3.2 0.1
Oxygen 123 0.5 174 0.8 21.6 0.7 175 0.6
Plastic bags 39 1.5 59.3 2.8 1084 34 74.5 2.7
Repairs and maintenance 72.7 2.7 60.9 29 91.8 29 794 2.8
Brooder replacement 2175 8.1 197.5 93 143.2 4.5 179.7 6.4
Sales commission 28.1 1 15.2 0.7 194 0.6 218 0.8
Food and drinks 1211 4.5 86.7 4.1 107.7 34 108.8 39
Other expenses 49.6 1.8 6 03 20.2 0.6 282 1
Total variable costs 2685.7 86.8 2127 75.9 3150 779 27989 804
Fixed costs ($/million seed produced)
Land rent 116.8 28.6 262.7 38.8 269.5 30.1 2133 314
Depreciation 291.9 714 4143 61.2 624.4 69.9 466.9 68.6
Total fixed costs 408.7 13.2 677 241 893.9 22.1 680.2 196
Total costs ($/million seed) 3094.5 100 2804 100 4044 100 3479 100

2 All represent total or weighted mean of the sample.
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Table 4
Tilapia hatchery production and sales revenue in the three systems.
Hapa Greenhouse Heated greenhouse All*
Number of hatcheries interviewed 18 9 23 50
Average hatchery size (ha) 1.08 + 0.13° 1.94 + 0.34% 214 + 0.27° 1.72
Average production (million) 5.82 + 0.7° 1217 + 2.2° 12.25 + 1.17 992 4+ 0.8

559 + 0.8 (96%)
0.228 + 0.17 (3.9%)

Mono-sex tilapia fry production (million)
Mono-sex tilapia fingerling production (million)

Other tilapia (growers & brooders) (#) 67 (0.001%)

Fry price ($/1000) 438 + 0.3°
Fingerling price ($/1000) 2649 + 8.2°

Other tilapia (growers & brooders) price ($/each) 043 + 0.02

Fry sales revenue (1000 $) 2445 + 2.9 (84.8%)
Fingerling sales revenue (1000 $) 436 + 2.46°

Other tilapia sales revenue (1000 $) 0.03 + 0.02

Gross revenue (1000 $/year) 28.84 & 2.3°

11.78 + 232 (96.8%)
0389 + 03 (3.2%)

11.64 + 1.12 (95%)
0.598 + 0.2 (4.9%)

949 + 0.8 (95.6%)
0427 + 0.1 (43%)

(0.0%) 13,413 (0.1%) 6194 (0.06%)
450 + 05 542 + 0.3 499 + 02
2069 + 4.1° 17.18 + 2.8° 199 + 26
036 + 0.1 039 + 0.06
5298 + 8.6% (85.2%) 65.96 + 6.02° (85.0%) 4833 + 4.23 (85.0%)
92 + 821° 877 + 4.1° 726 + 252
233 + 216 1.08 + 0.99
62.18 + 8.7° 74196 + 7.6° 55.70 + 4.85

Means in the same rows with different superscripts are significantly different (P < 0.05).
¢ All represent total or weighted mean of the sample.

3.4. Financial performance of tilapia hatcheries

The financial performance of the hatcheries is summarized in
Table 5. Both variable costs and fixed costs increased significantly
(P < 0.05) with increasing levels of technology inputs in the following
order: hapa, greenhouse and heated greenhouse. Total cost varied
significantly between the three systems (P < 0.05) due to extra costs in-
curred in upgrading the greenhouse and heated greenhouse hatcheries
compared to hapa-based hatcheries. Gross return was significantly
higher (P < 0.05) in greenhouse and heated greenhouse systems com-
pared to hapa system. Similarly, income above variable cost was signif-
icantly higher (P< 0.05) in greenhouse and heated greenhouse systems
compared to hapa-based systems, as both are able to sell some of their
production early at the beginning of the growing season, at a time when
seed prices are high, to meet farmers' demand to stock their ponds as
early as possible.

Average operational profits as percentage of sales were 58.4%, 48%,
and 45.8% for greenhouse, heated greenhouse and hapa based systems,
respectively, however the differences were not statistically significant
(P> 0.05). Against expectation net profit as percentage of sales in heat-
ed greenhouse-based system was the lowest at 33% and greenhouse-
based system was the highest at 45% of sales. Naiel et al. (2011) reported
that tilapia hatcheries generated even higher net profits (70% of sales).
They found that the highest net profits were in greenhouse-based
hatcheries and the lowest in heated greenhouse hatcheries.

3.5. Sensitivity analysis

Sensitivity analysis was performed to measure the financial perfor-
mance of the three tilapia hatchery systems in the case of increasing op-
erating costs and decreasing seed prices (Table 6). The three factors
were identified as critical threats to hatcheries during focus group

discussions, particularly the increasing cost of fish feed, fuel and labor
costs. The government currently subsidizes diesel fuel prices, which
are at present only around US$ 0.20 per liter however it is highly likely
that subsidies will be removed or reduced. Also, hatchery operators re-
ported that seed prices have decreased over the years, probably due to
increasing competition between hatcheries.

Sensitivity analysis showed that the three hatchery systems would
still generate positive net returns even if seed prices decreased by 20%
and variable costs increased by 20%. However when seed prices were
30% less than current levels and operating costs were increased by
30%, only the greenhouse-based hatchery system could still generate
profits, while the hapa-based and heated greenhouse systems showed
losses. Outdoor, hapa-based hatcheries suffer from low productivity
but require relatively low levels of investment whereas the additional
costs of operating heated greenhouse hatcheries (heating fuel, pumping
water, more skilled staff) make them more vulnerable to shocks than
simple greenhouse-based systems. However, this does not mean that
the future for heated greenhouse hatcheries is bleak. Low energy costs
have meant that the usual heating system used in heated greenhouse
hatcheries is very inefficient. For example, most make no attempt to re-
cycle water or recover heat from waste water streams so there is consid-
erable scope for improving the technical efficiency of these hatcheries if
they had to, and new more efficient hatcheries will be developed in the
future. Green et al. (2002) found that a 20% reduction in fish selling
prices for Egyptian fish farmers resulted in negative net returns indicat-
ing that hatcheries are more tolerant to financial shocks than grow-out
fish farms.

3.6. Focus group discussions

While the main questionnaire focused on technical and financial
performance of the hatcheries, at each location a preliminary focus

Table 5
Financial performance of the three different tilapia hatchery systems.
Hapa Greenhouse Heated greenhouse Allf

Number of hatcheries interviewed 18 9 23 50
Average hatchery size (ha) 1.08 + 0.13° 1.94 + 034° 2.14 £ 0277 1.72
Average production (million/year) 5.82 + 0.7° 1217 £ 2.2° 12.25 + 1.17 9.92
Total variable costs/hatchery (1000 $) 15.62 + 1.6° 25.88 + 2.5 38.59 + 4.6° 27.76 + 2.6
Total fixed costs/hatchery (1000 $) 238 +0.3° 824 + 1.2° 1095 + 1.1° 6.75 + 0.6
Total costs/hatchery (1000 $) 18.00 + 1.9¢ 3412 + 34° 49.55 + 537 3451 + 3.1
Gross return/hatchery (1000 $) 28.84 4 23° 62.18 £ 8.7° 74.196 + 7.6 55.70 + 4.85
Income above TVC (1000 $) 1322 +1.2° 363 + 1.79° 35.6 & 4.45° 27.94 + 2.89
Operational profit as % of sales 45.8% 58.4% 48% 50.2%
Net hatchery income (1000 $) 10.84 + 1.19* 28.06 + 6.6 24.64 £+ 3.5 2119 +£ 24
Net profit as % of sales 37.6% 451% 33.2% 38.04%

Means in the same rows with different superscripts are significantly different (P < 0.05).
2 All represent total or weighted mean of the sample.
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Table 6
Sensitivity analysis of changes in seed prices and variable costs on net hatchery incomes
(US$/year).

Changes in operating costs

Changes in seed prices 0 +10%  +20%  +30%
Hapa 0 10,845 9283 7720 6158
Greenhouse 0 28,061 25472 22,884 20,296
Heated greenhouse 0 24,645 20,785 16,925 13,065
Hapa —10% 7960 6398 4836 3274
Greenhouse —10% 21,843 19255 16,667 14,079
Heated greenhouse —10% 17,225 13,365 9506 5646
Hapa —20% 5076 3514 1951 389
Greenhouse —20% 15625 13,037 10,449 7861
Heated greenhouse —20% 9806 5946 2086 —1774
Hapa —30% 2191 629 —933 —2495
Greenhouse —30% 9407 6819 4231 1643
Heated greenhouse —30% 2386 —1474 —5334 —9193

group discussion was held at which a wider range of issues was raised.
The groups were not separated by hatchery type and there was no
attempt to quantify the responses.

Many hatcheries complained that fry prices have declined over time,
caused by an oversupply from the increasing number of tilapia hatcher-
ies. Oversupply has also led to fry being sold on credit, which means the
hatcheries may not get paid for 8 months, with associated cash flow im-
plications. Fry prices also fluctuate through the year peaking at the start
of the year (US$ 8-10 per 1000 in early 2012) but decline gradually
through the season (US$ 3-4 per 1000 by July/August). Seasonality of
seed demand in Thailand was reported by Bhujel (2000), but the
authors did not mention if this decline in demand was accompanied
by changes in seed price.

Hatchery operators complained of limited water availability and
poor water quality particularly between winter and summer seasons
for field crops. Similar complaints were reported by Macfadyen et al.
(2012) resulting from strict laws over the location of fish farms (only
in designated areas) and sources of water that can be used (only from
agricultural drainage canals and lakes). This long-standing issue can
only be resolved through changes in water use legislation.

Fuel costs and electric power availability were discussed as con-
straints. Hatcheries that heat their water incur greater costs and many
have encountered problems with supply shortages of heating fuel.
Heating using electricity is cheaper; however, not all hatcheries have a
reliable connection to the electric grid.

Hatchery operators reported difficulties in finding high quality
broodstock, particularly female fish, as nearly all Egyptian fish farmers
grow all-male tilapia. Hatcheries used to source new tilapia broodstock
from the wild, but few undisturbed populations of Oreochromis niloticus
remain. WorldFish has developed the Abbassa improved strain of Nile
tilapia (Ibrahim et al., 2012) which is now being disseminated to
Egyptian fish farmers under the Swiss-funded IEIDEAS project.

Hatchery owners and managers complained they had to fund devel-
opments from their own resources because of difficulties in accessing fi-
nance from banks. This was seen as a constraint towards upgrading and
modernization of their facilities. Hatcheries and fry/fingerling traders re-
ported difficulties in transporting seed from one governorate to another
as police or traffic officers take action against them unless they have a
hatchery license and a fry transport permit. Many cannot get the docu-
mentation as they are unlicensed. Both these issues could be helped if
more hatcheries (and fish farmers) were licensed, a process that could
be assisted by better representation through fish farmers' associations.

Hatcheries said there was poor technical support for fish health. The
most common problems were death of broodstock and poor fry survival
during the rearing stage. The most common fish disease problems were
bacterial diseases, fungal diseases and parasitic infections, especially
Trichodina and Monogenea.

Some hatchery operators complained that poor quality methyl-
testosterone hormone can result in low sex reversal rates and fry

recruitment in production ponds. Fish farmers may ask for compensa-
tion from hatcheries for excessive feed costs and reduced revenue if
too many females are discovered at harvest. However, some hatchery
managers commented that the problem was due to poor hatchery man-
agement rather than hormone quality.

Operators complained that there is a shortage of skilled workers
during the breeding season. Hatchery managers have to spend time
and effort training unskilled laborers and provide incentives for skilled
workers. Meanwhile, hatchery laborers are calling for improvements
in their working conditions, such as being covered by national labor
laws, pensions and medical health insurance.

Another problem discussed was the small land areas and short-term
leases obtained from the regulatory authority and main land-owner,
GAFRD, which make it difficult for many hatcheries to invest in or ex-
pand their seed production systems (including constructing green-
houses and installing water heating systems) to reduce production
costs.

Similar hatchery problems were reported by Yater and Smith (1985)
who summarized the major hatchery problems as difficulties in acquir-
ing land, access to capital, sourcing high quality water supplies and the
limited number of experienced hatchery technicians. Olaoye and Oke
(2012) during their study of hatchery operations in Ogun State,
Nigeria, reported similar constraints, as follows; high cost of investment,
poor marketing channels, lack of finance, poor genetics of broodstock,
lack of skilled staff and unreliable power supplies.

4. Conclusions

The average production of the 50 tilapia hatcheries covered by this
study was 10 million seed per year. Hapa-based hatcheries tended to
be smaller and orientated more towards production for the owner's
fish farm while greenhouse and heated greenhouse hatcheries were
more commercially orientated. All three types of hatchery were very
profitable, generating average net profits of 38% of sales.

While heated water hatcheries offer higher production levels, great-
er flexibility and extended spawning seasons, the extra costs mean that
they are no more, and possibly less, profitable than hapa-based or sim-
ple greenhouse-based systems. Designs for heated greenhouse tilapia
hatchery systems need to be made more efficient in order to improve
their sustainability if seed prices continue to decline and costs continue
to increase.
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