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Impact of some ectoparasites on length-weight ratio and condition factor of cultured Fish
Species in the West region of Cameroon

ABSTRACT

Aims: This study aims to analyse the effect of ectoparasite infections on length-weight

relationships and condition factor of cultured fishes in the West region of Cameroon.

Study Design: A stratified cross-sectional study was used to select fish farms and individual fish

per farm.

Place and duration of study: Fish farms in the West region of Cameroon between December

2018 and December 2019.

Methodology: Sampled fishes were identified and examined from ectoparasites and pathologies
according to standard procedures. Their lengths and weights were measured to determine their
length-weight relationships and condition factors. A total of 2254 fishes (692 Clarias gariepinus,

969 Oreochromis nilotichus, 593 Cyprinus carpio) were sampled.

Results: Overall, 34.87% of the sampled fishes were infected with ectoparasites (O. niloticus
(34.37%), C. carpio (37.10%) and C. gariepinus (33.67%)). The prevalence rates were
significantly influenced by size (P=0.001, X*=10.59) and weight (P<0.0001, X*=32.24) and
negative allometric growth patterns (b < 2) were observed irrespective of the parasitic status of
the fishes. Though the mean condition factor ranged from 1.07 to 3.01 throughout in the study
according to species, sex and season and ectoparasite status of the fish, significantly higher
(P<0.05) condition factors were observed for male fishes, fishes harvested during the dry season
and uninfected fishes compared to female fishes, fishes harvested during the rainy season and
infected fishes. Among the infected fished, the highest (p<0.05) condition was recorded in O.

niloticus followed by C. carpio and C. gariepinus.

Conclusion: The study revealed that ectoparasite infection significantly influence length-weight
relationships and condition factor of cultured fishes in the west region of Cameroon. Irrespective

of parasitic status, there was relationship between body weight and length of fish. The control of



ectoparasite infection of cultured fishes is vital for improved conditions, health and production

yields in fishery sectors in Cameroon.

Keywords: Allometric growth, Length-Weight relationship, Condition factor, cultured fish,
external parasites, West region Cameroon

1. INTRODUCTION

Protein deficiency is a major global challenge especially in developing countries [1]. Fish serves
as a good source of animal protein for man and livestock and accounts for over 40% of the
protein diet of two — third of the global population [1, 2] and poverty alleviation in many
communities in developing countries [2-7]. However, an increased fish production implies
intensifying production, which has been associated with risks of parasite proliferation and
compromised water quality [1]. Parasitic diseases are common among fish species and it is one
of the key threats to the production of the industry which leads to major losses in the
production thus reduces the profit of the industry [8]. Parasites cause mechanical damage
(fusion of gill lamellae, tissue replacement), physiological damage (cell proliferation,
immune-modulation, altered growth, detrimental behavioural responses) and reproductive
damage on fish species [9-11]. Ectoparasites, compared to endoparasites, are very damaging and

have been responsible for high mortality in culturing fish species [12].

For adequate management length-weight and length-length relationships, condition factor
and growth are important tools for fish species [13]. Length-weight relationship helps to
determine the condition factor of a given individual or a population. Individual condition is an
important component in determining performance, survivorship and reproductive success in a
fish [14]. In energetic terms, condition factor is the amount of energy available to an individual
which may be allocated to various life functions such as reproduction, foraging and over-winter
survival [15]. However, there is dearth of information on the characteristic relationship between
length-weight and condition factor and the how parasitic infections influence the relationships in
cultured fishes in Cameroon. Given the lack of information on morphometric characteristic of

fish in the country, the present research was carried out to analyse the effect of ectoparasites on



length-weight relationship and condition factor of cultured fishes in West Cameroon to provide

key elements for better fisheries management.
2. MATERIALS AND METHODS
2.1 Description of study area

The study was carried out in three administrative divisions (Menoua, Noun and Hauts-plateaux)
of the West region of Cameroon (9°50° — 10°20” E and 5°10° — 5°40° N) (figure 1). The West
Region has a typical sudano-guinean climate characterised by a short dry season (mid-November
— mid-March) with a temperature range of 20 — 27°C, long rainy season (mid-March — Mid-
November) and temperature range of 16 — 23°C, average annual rainfall of 1600 mm and relative

humidity ranging from 49 — 97.9% [16].
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Figure 1: Map of Cameroon showing the West region, the administrative divisions in the region
and administrative sub-divisions with study sites within Menoua, Noun and Hauts-plateaux
administrative divisions. (Source: The Dschang Urban council in collaboration with the
Cartography Unit of the University of Dschang, Cameroon produced the maps including study

areas shaded pink in Menoua, Noun and Hauts-plateaux administrative divisions).



2.2 Selection of fish farms and samples for the study

A cross-sectional study using stratified sampling procedure was carried out during the period of
December 2018 to December 2019 to select fish farms and individual fish per farm in three
administrative divisions (Menoua, Noun and Hauts-plateaux) of the West region of Cameroon.
For lack of previously reported data, a default prevalence rate of 50% was used to estimate the
number of fish required for detecting > 1 infested fish with a desired 95% confidence and
precision of > 5% [17]. The selection of fish farms was done by random-number generation
method of fish farmers and locations of fish farms from records at the Divisional Delegations of
Livestock, Fishery and Animal Industries (DDEPIA). The selection procedure took into
consideration costs, road accessibility (including distance and time to trek to farms), period at
which farmers will harvest fish and farmer’s willingness to participate in the study. Eligible
farms for each study division was numbered and the study farms chosen randomly without

replacing the number.

Overall, nine fish farms (03 per administrative division) located in different sub-administrative
areas of the administrative divisions were selected for the study.Selection of individual fish from
each chosen farm was based on a calculated sampling fraction of five (every fifth fish was
sampled) for use at each visit during harvesting. Briefly, the first fish was selected by picking a
fish by random generation method from the first five fish being transferred to the temporal
storage chain for transportation to market. Thereafter, every fifth fish (adding 5 to previous
picked number) was chosen as sample. A total of 2254 cultured fish species from fish farms in
Menoua (522), Hauts-plateaux (775) and Noun (957) divisions were selected for the study.
Specialised and unspecialized (draining of water, net fishing and or landing nets) as earlier
described by Ngueguim et al.,, [18] were used capture live fish samples and placed in aerated
plastic tanks (containing water from the fish farm before handling to avoid any contamination)
for proper labelling, recording of identification characteristics and preliminary external
examination for ectoparasites and pathologies [19]. To preserve the maximum freshness, the fish
the samples were rapidly transported to the Ichthyology and Applied Hydrobiology Laboratory
of the University of Dschang for dissection and further analyses. Manipulation and examination

of all fish specimens was done within 12 hours after capture. The fish species determined with



the aid of previously described keys [20-22] were composed of Clarias gariepinus (692),
Cyprinus carpio (593) and Oreochromis niloticus (969).

2.3 Morphometric measurements

The size (standard and total lengths (cm)) of the fishes were measured using a measuring tape
and thread while the weight of each fish was measured using an electronic balance (0.1g error
margin). The sizes (x) were classified according to Shehata et al. [23] as follows: small sizes of
(25cm > x < 40 cm) for C. gariepinus, (12 cm > x <22 cm) for C. Carpio and (14 cm > x < 21
cm) for O. niloticus, and large sized group; being 40 cm > x < 55 cm for C. gariepinus, 22 cm >
x <33 cm for C. Carpio and from 22 cm > x <30 cm for O. niloticus. The weights (X) were
classified based on Biu et al., (2014) as follows X<50gm, 50gm<X<100gm, 100gm<X<150gm,
150gm<X<200gm and X>250gm.

2.4 Determination of the sex

The sexes of the fish were determined the fish were dissected and the gonads inspected using
previously described procedures [24, 25]. Briefly, pressing the abdomen of some adult fish
specimens caused the release of whitish milk for males and eggs for females. Upon dissection of
some adult female samples, eggs were readily seen swollen in the paired ovaries, while the testes
were typically flattened and elongated, whitish and non-granular in appearance in adult male
samples. Also, the shape of the gonad was a guide to the sex for immature fish specimens.
Otherwise, the gonads were excised and examined under the microscope for the presence of

immature eggs (female) or milky semen (male) for immature fishes.
2.5 Detection of ectoparasites on fish

Standard procedural restraining manipulations were used for safety purposes of the researchers
and to avoid suffering of the fishes. The fish samples were examine for ectoparasites using hand
lens [26-28]. Briefly, systematic head to tail skin scrapings and scraping from fins and gills of
the sampled fish done with the use of swab stick, mixed with 3ml of 0.9% saline, smeared on
clean grease-free glass slides were examined under the light microscope for external parasites in
the Ichthyology and Applied Hydrobiology Laboratory. Each sample was examined

independently as described by Ekanem et al. [28]. The identification of parasites was based on
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distinctive and morphological features with the aid of reference keys for taxa of fish parasites

[29-32].

2.6 The length-weight relationship

The parameters of length-weight relationships were calculated by using the following equation:
W = aL’ [24, 33-35],

Where, b is an exponent usually between 2 and 4;

W: weight of the fish in grams (gm),

L: Length of the fish (cm);

a: Constant (intercept)

b: the length exponent (slope).

Regression parameters ‘a’ and ‘b’ of the length — weight relationships were estimated by linear
regression equation Log W = log a + b log L after logarithmic transformation of weight and

length data respectively.
2.7 The Fulton’s Condition factor (K)

The Fulton's Condition Factor (K) assumes that the weight of the fish is proportional to the cube
of the length and was used to assess the general health of the fishes, on individual and population
level. In all individuals’ total length, standard length and body mass were measured. The
allometric equation where the b exponent is a constant was used to compare the health index of

the different category of fishes.
Thus, Fulton’s condition factor (K) was calculated using the formula: K = W*100/ L,

Where W = weight of fish (g), L = standard length of the fish (cm), b= coefficient of allometry
considered equal to 3) [24, 36].



The Fulton’s condition factor was multiplied with 100 to get it close to 1, and the number 1
indicated a normal condition of the fish, greater 1 indicated fat fish and less than 1 indicated
skinny fish. This morphometric index assumes that the heavier fish for a given length the better

condition.
2.8 Data analysis

Microsoft office Excel 2007 was used for entering obtained data for descriptive statistics. The
data was transferred to the Statistical Package for the Social Sciences (version 22, SPSS Inc.,
USA) for further statistical analysis [17]. The ectoparasite prevalence of the fish species was
calculated as the number of fish infected divided by the total number of fish examined and
expressed as a percentage [17, 37]. A fish sample was classified as infected if it was positive for
any ectoparasite group. A positive test was coded as 1 and the negative test as 0. The chi-square
test was used to determine the degrees of associations and relationship between the risk factors
and ectoparasite infection [38]. Linear regression table was used to ascertain the
significance of the relationship derived from the length weight analysis of infected and
uninfected fish species.The relationships between factors such as host sex, weight, total length,
locality, and parasitic infection were obtained from pooled data using analysis of variance

(ANOVA) and significant level was set at p < 0.05.
3. RESULTS

3.1 Prevalence of ectoparasites of fish species according to morphometric

measurements

Overall, 786 (34.87%) of 2254 examined cultured fish species in the West region of Cameroon
were infected with ectoparasites as follows O. niloticus (34.37%), C. carpio (37.10%) and C.
gariepinus (33.67%). The fishes sampled were infected with Monogeneans (15.79%), Protozoans
(15.79%) and Crustaceans (12.02%) at individual level. Though the prevalence and associated
risk factors of ectoparasite infections of cultured fish species in the West region of Cameroon
have been previously described [18], the distribution of the prevalence of these ectoparasites

according to various length and weight of the cultured fish species are shown in figure 2. The



size (P=0.001, X*=10.59) and weight of the fish species(P<0.0001, X’=32.24) significantly

influenced the ectoparasites prevalence of the cultured fishes.
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*: The sizes (x) were classified according to Shehata et al. (2018) as follows: small sizes of
(25cm > x < 40 cm) for C. gariepinus, (12 cm > x <22 cm) for C. Carpio and (14 cm > x < 21
cm) for O. niloticus, and large sized group; being 40 cm > x < 55 cm for C. gariepinus, 22 cm >
x <33 cm for C. Carpio and from 22 cm > x <30 cm for O. niloticus.
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Figure 2: Prevalence of ectoparasites of cultured fish species at individual level according (a)

lengths and (b) weights in West Region of Cameroon

3.2 Effect of ectoparasite infection on Length — Weight relationships and Fulton’s
condition (K) factor of fish species

Overall, there was a moderate to strong positive correlation (R range from 0.4153 to 0.8051)
existed in the length — weight relationship and negative allometric growth type of the fishes was
observed in this study (Table 1 and 2). The high R? indicated that the variability of the fish
species were associated length. Also, the Fulton’s condition factor (K) of the sampled cultured
fishes was significantly influenced by sex and season (p<0.001) but not by species (p>0.05).
However, ectoparasite infection influenced the Fulton’s condition index (K) of the fishes
sampled in the present study with the K value being significantly (p<0.05) higher in uninfected
fishes than infected fishes (Table 2). Species significantly (p<0.05) influenced the K value
among the infected fishes and not (p>0.05) among the uninfected fishes. Uninfected female and
male fishes showed significantly (p<0.05) higher K values than in the infected female and male
fishes. The difference in K value between infected and uninfected fishes was not affected by dry
and season. The “a” and “ b” values, equations of length-weight relationships and K values for
all uninfected and infected sampled fishes as well as according to sex and season are shown in

Tables 1 and 2.
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Table 1: Length — Weight relationships and Fulton’s condition factor (K) (g/cm3) of all cultured fish species (uninfected and

infected fish species) according to species, sex and season in West Region of Cameroon

a b Standard Weight (g) K factor
3
Factors Variable mean value mean value R’ L;‘;g:ll;(scgl ) mean=S.D W-L equation G’R)’:’V:h m(ega/flils)]) (5-:’,::::)
0 . . _ . -
(95% CI) (95% CI) . (Min — Max) Mo Mg
- 05414 13794 16.16+6.45 92.06£68.00 N er | Negative | 2.8452.64
Total N=2254 | (o a12406704) | (13321-1.4267) | *9%0 | (6.00-43.10) | (9.03-517.03) | WZO0235IL allometry | (0.06— 19.76)
0. niloticus 0.0937 1.4693 0.7036 | 1427 £5.68 69.07£47.50 We0.00371L1 4% | Negative | 2.89 +191
(N=969) (0.0254-0.1620) | (1.4096-1.5300) (6.00—30.00) |  (9.03— 166.24) : allometry | (0.16— 14.88)
. 203669 :

. C. carpio 1.9561 15.74+5.70 114.93£90.18 _ Loser | Negative | 3.01£2.05 0.561
Species | \-503) ('8"2‘%;(' (1.8456-2.0665) | %6718 | (750-43.10) | (11.50-517.93) | W -0-36091L allometry | (0.06—19.76) | (0.571)
C. gariepinus 0.7868 0.9303 04300 | 1909698 104.66+59.98 We07ses 0o | Negative | 111 +0.83
(N=692) (0.6862-0.8874) | (0.8504-1.0103 | O (7.00-36.50) |  (13.5—420.15) : allometry | (0.29— 16.04)

Malc 0.0942 1.4925 028 | 6003650 91216857 We0.00aaL1# | Negative | 2.81+2.66

o (N=998) (0.0085-0.1799) | (1.4202-1.5647) | " (16.09+6.12) |  (9.03—420.15) : allometry | (0.30—19.76) |  23.655

e Female 0.3299 13040 05730 | 7004310 92.74 %6755 We 03205100 | Negative | 2.63%2.06 | (<0.001%)

(N=1256) (0.2561-0.4037) | (1.2418-13663) | (16.17+6.70) | (15.05—517.93) : allometry | (0.06— 14.58)
Dry season 0.2557 13722 eazs | 1628642 94.05265.58 We 025571 | Negative | 3.01+2.96

Senson | LN1278) (0.1874-0.3240) | (1.3148-1.4296) | " (7.00—43.10) | (13.58 — 300.00) : allometry | (0.06— 16.44) | 26.904
Rainy scason 02147 13833 05403 | 6:00-36.50 89.45 27098 Weoa1a7L e | Negative | 252192 | (<0.001%)
(N=976) (0.1218-0.3077) | (1.3045-1.4620) | " (15.95+6.48) | (9.03—517.93) : allometry | (0.16— 19.76)

*where a and b means regression coefficients and r means correlation coefficient and K factor means condition factor
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Table 2: Comparison of Length — Weight relationships and Fulton’s condition factor (K) (g/cm’) of ectoparasite infected and uninfected cultured fishes

according to species, sex and season in West Region of Cameroon

a b Standard Weight (g) K factg)r
Factors Variable mean value mean value R’ L;‘;ﬁ;l;(scgl ) mean=S.D W-L equation G'll::’:’v:h m(egallcllfs)]) (g::::g)
95% CI) (95% CI) (min- max) (Min — Max) (Min — Max)
Uninfected 0.2819 1.3575 0578 16.10+6.48 96.14+69.68 W= 0.2819L13575 Negative 2.65+2.08
Total (N=1468) (0.2115-0.3523) (1.2981-1.4169) ) (6.00 — 36.50) (9.03 — 517.93) ) allometry | (0.16 — 19.76) 27.870
Infected 0.1336 1.4322 0.6417 16.20+6.40 184.45+64.08 W= 013361432 Negative 2.43£1.75 (0.005%)
(N=786) (0.0444-0.2227) (1.3572-1.5072) ) (7.00 —43.1) (10.78 — 335.11) } allometry | (0.06 — 16.44)
O. niloticus 0.0556 1.515 0.7122 15.12+6.01 78.33+£51.78 W= 0055615 Negative 2.80+2.05
Uninfected (N=636) (-0.0314-0.1426) | (1.4399-1.5901) ) (6.00 — 30.00) (9.03 — 166.24) ) allometry | (0.16 — 14.88)
fish C. carpio 0.8401 2.377 0.8051 15.26 £4.88 115.82493.02 W= 0840112377 Negative 3.01 £1.76 2.237
. (N=373) (-0.9798-(-0.7004) | (2.2576-2.4963) ) (7.5 -27.00) (11.50 -517.93) ) allometry | (0.70-19.76) | (0.107)
species C. gariepinus 0.9076 0.8512 04153 | IBISE7.67 104.81+63.04 W 0.9076L0%512 | Negative | 1.16£1.07
(N=459) (0.7934-1.0218) (0.7583-0.9440) ) (7.0 — 36.5) (13.5—420.15) - allometry | (0.29 — 16.04)
O. niloticus 0.3158 1.2395 0.6331 12.65 +4.61 51.37 £31.15 W= 0315811235 Negative 3.06 =1.62
Infected (N=333) (0.2049-0.4268) (1.1375-1.3416) ) (7.00 — 27.50) (10.78 — 164.53) ) allometry | (0.26 — 14.88)
fish C. carpio 0.1217 1.5211 0.5348 16.54 £6.80 113.43+85.32 W=0.1217L1521! Negative 3.00+£2.47 66.536
. (N=220) (-0.1051-0.3484) | (1.3317-1.7105) ) (7.5-43.10) (17.25 —300.00) ) allometry | (0.06 —16.44) | (<0.001%)
species C. gariepinus 04148 1.8121 06997 | 2094485 10437+ 53.57 _ 041ag s | Negative | 1072055
(N=233) (-0.6168-(-0.2129)) | (1.6582-1.1966) y (7.5 —34.00) (18.21 —335.11) s allometry | (0.37 — 14.22)
Uninfectedfis 0.4493 1.2246 0.5294 15.98 £6.52 95.44 £65.76 W= 0 4493] 1224 Negative 2.79 £2.29
Femalefish h (N=791) (0.3541-0.5446) (1.1439-1.3052) (7.00 — 36.00) (15.05-517.93) ' allometry | (0.16—14.21) | 20.030
Infected fish 0.1065 1.4547 0.6749 16.49 +6.98 88.14 £70.34 W= 0.1065L4547 Negative 2.52 £2.07 (<0.001%*)
(N=465) (-0.0035-0.2165) | (1.3625-1.5469) (7.50 - 43.10) (15.05-311.33) ' allometry | (0.06 — 16.44)
Uninfected 0.0667 1.528 0.6426 16.24 £6.42 96.94 £74.04 W= 0.0667L % Negative 2.95+£2.89
Male fish fish (N=677) (-0.0357-0.1691) | (1.4420-1.6142) (6.00 — 36.50) (9.03 — 420.15) ) allometry | (0.30 —19.76) 5.031
Infected 0.1919 1.383 0.574 15.77 £5.43 79.11 £53.40 W= 0.1919L33 Negative 2.53 £2.06 (0.025%)
(N=321) (0.0368-0.3470) (1.2518-1.5143) (7.00 — 34.00) (10.78 = 335.11) ) allometry | (0.37 —14.22)
Uninfected 0.3221 1.3514 0.6619 16.31 £6.47 101.77 £65.13 W= 0.322]113514 Negative 2.62 +1.84
Dry season fish (N=731) (0.2385-0.4057) (1.2812-1.4217) (7.00 — 27.50) (13.58 — 300.00) ) allometry | (0.70 — 16.04) 0.001
Infected fish 0.1586 1.4071 0.6347 16.24 £6.36 83.74 £64.81 W= 0.1586L 407! Negative 2.46 +1.91 (0.982)
(N=547) (0.0517-0.2655) (1.3173-1.4969) (7.50 - 43.10) (17.25 —300.00) ) allometry | (0.60 — 16.44)
Uninfected 0.2557 1.3519 0.519 15.90 £6.47 90.55 £73.53 W= 02557113519 Negative 2.51+1.89
Rainy fish (N=737) (0.1446-0.3667) (1.2576-1.4461) (6.00 — 36.50) (9.03 — 517.93) ) allometry | (0.16—11.72) 0.536
season Infected fish 0.0786 1.488 0.6583 16.10 £6.50 86.08 +£62.49 W= 0.0786L 145 Negative 2.68 £2.39 (0.464)
(N=239) (-0.0839-0.2412) (1.351-1.6252) (7.00 — 34.00) (10.78 = 335.11) ) allometry | (0.26 — 14.88)

*where a and b means regression coefficients and r means correlation coefficient and K factor means condition factor
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4. DISCUSSION

The present study revealed mix fish species farming of Oreochromis niloticus, Clarias gariepinus
and Cyprinus carpio with high prevalence of multiple ectoparasites (single and co-infections) in
the West region of Cameroon. The identified ectoparasites include Monogeneans, Protozoans and
Crustaceans. Overall, size (length) and weight were major factors of ectoparasites infection of the
cultured fishes. The higher infection rates recorded among the large size and heavier (>100gm)
fishes was associated to their bigger body surface and longer exposure to ectoparasites in the
ponds compared to the smaller, lighter (<100gm) and younger fishes. These findings are in
agreement with [39] who recorded higher infections rates in larger (65%) and >120g weight
(100%) fishes than smaller (17%) and <120 g weight (41.6 — 76.92%) fishes. The large and
heavier fishes were more adventurous and fed more on diverse food sources due to their size than
small size fishes. Similarly, higher prevalence rates have been recorded among big and long
fishes though juvenile fishes seem to be more susceptible to parasitic infection with prevalence

rates reducing with age of the fishes [1, 18, 25, 40].

The length-weight relationship serves as an important tool that gives information on growth and
its pattern in fish [41] as well as measures of other zootechnical parameters such as productivity.
Its parameters (a and b) have wide applications in fish biology and fisheries management. The
weight vary according to the length in fish while the fish length is a major indicator of production
efficiency [40]. In the present study, the correlation coefficients of combined data revealed a high
degree of relationship between body length and weight (above 76%) for fish irrespective of
parasitic status. The coefficient of determination (r*) was also moderate suggesting that the

increase in weight gain of fish was attributed to the increase in body length [42, 43].

The exponential values of the length—weight relationship (b values) of cultured fishes were less
than 3 (b<3) suggesting negative allometric growth patterns since fishes with b values less than 3
showed more axial growth (length) than weight [44]. However, the values obtained in this study
were less than the lower value of the recommended range (2 - 4) for fresh water fishes [45-47].
Variations in b values have been attributed to sample size variation, stages in life, growth
difference, change in physiological condition during spawning periods, gonad development, sex,

physicochemical conditions of the environment and other environmental factors such as food and
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space [48-50]. However, feeding before weighing would alter the weight of the stomach content

as well as the total weight of the fish.

Condition factor (K) reflects the physiological state of a fish in relation to its welfare [47] and
frequently used to compare the effects of biotic and abiotic factors on the health or general well-
being of a fish population [42, 51, 52]. The K value also gives information when comparing two
populations living under certain feeding, climate, density and other conditions [42, 46]. Condition
factor (K) of 1.00 suggests that the fish is poor, long and thin, 1.20 indicates that the fish is of

moderate condition and acceptable while 1.40 are for good and well-proportioned fishes [53].

The mean condition factor of sampled fishes in the present study were greater than one (>1),
suggesting good fish health, good level of feeding and proper environmental conditions [54, 55].
Overall, the mean value of condition factor obtained for the uninfected fishes was significantly
higher than that of infected fishes. This implies that the parasitism did not favour growth and
survival of the fish. The influence of environmental conditions on growth and survival of have

been previously described [42, 56, 57].

Results from this study also revealed that, the male fishes and fishes sampled during the dry
season exhibited higher condition factors than female fishes and fishes sampled during the rainy
season. The variations in condition factors could be attributed to factors such as changes in
environmental factors with time (e.g. water quality), availability of natural food supply,
physiological condition (e.g. accumulation of fat and gonads development) [42, 58] and stage of
maturity [59, 60]. Improved and better environmental conditions (physicochemical and biological
parameters) are associated to higher the condition factor of fishes and vice versa [42, 61, 62].
This agrees strongly with the results in the present study whereby the higher condition factor and
growth performance of uninfected fishes as well as fishes sampled during the dry season when
most of the water quality parameters were within the satisfactory ranges. Furthermore, variation
in K values due to biological interactions involving intra-species and inter-species competition
for food and space such as sex, stages of maturity, state of stomach contents and availability of
food and the health status have been described [63, 64]. Though the condition factor of
uninfected fishes was not influenced by species, difference in species was a major factor in the
condition in infected fishes. Among the infected fished, the highest condition was recorded in O.

niloticus followed by C. carpio and C. gariepinus. Reduced K values due to stress [65] in fishes
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infected with parasites, bacteria, virus as well as fishes in poor water quality factors stop eating
have been recorded [66]. Individual growth and condition are important components of

performance for fish survival and reproductive success [14].

In the present study, the condition index was significantly different between the parasitized and
non-parasitized fishes. These results are consistent with previous studies [67] which have
reported that the pathogenicity of parasites was linked to several factors including host (size, age
and health), parasite (stage of development and size) and environment (stress, isolation,

pollution).
5. CONCLUSION

The study showed that ectoparasite infection significantly influence the length-weight
relationship and condition factor of cultured fishes in the west region of Cameroon. Irrespective
of the parasitic status, the fishes showed negative allometric growth pattern and there was
relationship between body weight and length of fish. However, male fishes, fishes sampled
during the dry season and uninfected fishes had better condition and were relatively healthier

compared to female fishes, fishes harvested during the rainy season and infected fishes.
5.1 COMPLIANCE WITH ETHICAL STANDARDS

The study is not reporting results from an experiment on animals or humans. The researchers
performed risk assessment to avoid hazards to persons involved in the project. Permission for the
study and Ethical approval were obtained from the required authorities in the West of Cameroon
[Regional delegation of Livestock, Fisheries and Animal Industries (RDEPIA) and Faculty of
Agronomy and Agricultural Sciences of the University of Dschang, Cameroon] before carrying
out the study. The purpose of the study was explained (with the assistance of local veterinary and
Fisheries practitioners, community leaders and trusted intermediaries) to fish farmers in the

selected administrative divisions.
CONSENT

Fish farmers and their farms were included in the study when verbal informed consent was

obtained. Completing questionnaires further implied consent to participate in the study.
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