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Abstract 

Parasites belonging to Argulus genus, known as fish louse (Argulus foliaceus L.) significantly affect in negative way both  in natural 
and farming environment. In this study, the pathogenic effect of fish louse temperature on fish depending on water was investigated. 
In this research to estimate the effects of several factors such as water temperature, gender of the fish and the infection of fish louse 
were studied through Poisson regression method. As fish species, Alburnus alburnus (bleak), Carassius carassius (crucian carp) and 
Carassius auratus (golden carp) were caught periodically, starting from May during the year, and the parasites were counted. The 
gender and metrical measures of the examined fish were categorized separately. The degrees of water temperature of the dam were 
measured. Results from Poisson regression analysis showed that fish louse has harmful effect on the mentioned fish, depending on the 
water temperature.

Keywords: Argulus foliaceus, Carassius carassius, Carassius auratus, Poisson regression

Introduction

Recent discoveries of new species and genotypes 
emphasize the need for more basic researches on louse 
taxonomy and host preferences. Louse development 
rates are strongly dependent on temperature, while in-
creasing water temperatures mean is likely to increase 
infestation pressure on farm and wild fish. This knowledge 
could be used to take precaution to reduce the risks of lice 
affecting farmed and wild fish (Costello, 2006). Fish lice of 
the genus Argulus are ectoparasites known from Europe, 
Central Asia and the USA (Yamaguti, 1963). The ec-
toparasitic crustacean A. foliaceus L. is frequently found 
on different species of freshwater fish. Many diseases in 
fish prevent productivity and fertility due to harmful ef-
fects. One of the most important factors that prevents fish 
growth and causes lost in yields is A. foliaceus L., known 
as fish lice. It is an obligatory blood sucker and can sur-
vive for only a few days without the host fish, depending 
on its size and ambient temperature (Kollatsch,1959). A. 
foliaceus is widespread in Turkey and it is likely that it oc-
curs all over the country (Oktener et al., 2010). 

During the summer, fish are heavily infected and very 
disturbed by the intense attacks of parasites because of 
their very hemorrhagic skin. Especially small parasites 
occur on almost all parts of the skin and fins, with slightly 
heavier concentrations on and around the pectoral and 
pelvic fins. Large parasites are found mainly on the skin 
around these fins (Pasternak et al., 2000). In this study, 
according to datum, male fish were more heavily infected 
than female on bleak, but on crucian carp and golden carp 
are nearly equal. These cases are discussed in the context of 
risks and rewards. 

Previous studies reported that measurements cannot be 
always obtained as continuous data. These measurements 
are obtained in some cases by enumeration. Some of the 
measurements from the enumerations such as examined 
fish number, infected fish number, temperature, counting 
parasite number etc. show the Poisson distribution. Count-
ing the data of any event occurring within a specific period 
is defined as a number. It is considered that counting the 
data consisting of variables can be analyzed with the lin-
ear regression model. However, when linear regression 
model is applied to count the data, unreliable results may 
be obtained (Ankarali et al., 2005). 

Poisson regression model for the analysis of count-
ed data is considered as a starting point (Akin, 2000). 
Maximum likelihood estimation is used instead of the 
least squares method (Cameron and Trivedi, 1986; Hen-
drickx, 2002; Deniz, 2005).

Fish lice, which cause damage on fish, are affected 
at different times by the impact of environmental fac-
tors and their effects increase or decrease the negative im-
pact. The data obtained from studies of fish are usually 
discrete data. These data are consistent with the Poisson 
distribution.

When Mc Conell et al. (1995) measured the number 
of fish lice because of the Poisson distribution, they ap-
plied linear regression model in the weak and inconsistent 
results, which may be conflicting. Therefore, Poisson re-
gression model was applied afterwards. This study aimed 
to determine the effects of temperature on the presence of 
A. foliaceus L. by using Poisson regression.

Received 28 February 2011; accepted 12 May 2011



Koyun, M / Not Sci Biol, 2011, 3(2):16-19

17

Here,
P

p
> n-k overdispersion in the series,

2. Another technique used to measure the accordance 
of fit statistics  is deviation statistics.

The value of these statistics is also called ‘square statistic 
G’.

Square statistic G;                                          is expressed 
in the form. 

These statistics will converge to 0 and that will increase 
the compliance of the model. If this statistic is exactly 0, it 
is a perfect fit in the model. 

3. R2 is an artificial measurement: the use of the non-
linear model does not have a common definition of R2.

Because of these uncertainties, the calculated value is 
expressed by ‘artificial’.

Poisson regression models for the 2
pR  measure: 

as defined.  Where the log-likelihood function:

forms are obtained. The log-likelihood function is reg-
ulated, artificial R2 measure is obtained.

4. Accordance of fit chi-square test
Established to examine the accordance of fit; hypoth-

esis is as follows:
H0 : Data fit for Poisson regression model 
H1 : Data disobey for Poisson regression model 
Pearson χ2 statistics; is calculated with this equation:

Observed frequencies, where,          ,    	  represent the 
theoretical frequencies. The results of these equations are 
given with the help of (N-p) degrees of freedom compared 
to a value of χ2. The number of units of N, P is the esti-
mated number of parameters to be desired. If the calcu-
lated value exceeds the value of           it is rejected and the 
hypothesis is assumed to fit the Poisson model. In the case 
of being smaller, the average variance shows overdisper-
sion. In these cases, Poisson regression cannot be utilized. 
Instead of this, regression analyses containing disper-
sion parameter explaining extra Poisson change are used. 
These regression analyses are negative binomial regression, 
mixed Poisson regression and mutual Poisson regression 
analyses.

Materials and methods

Fish sampling
The fish samples were regularly monitored from the 

beginning of May and the parasites were encountered 
monthly. The measurements of each fish species were 
evaluated separately as males and females. While mak-
ing the measurements, at the same time, water temper-
atures of Enne Dam Lake were also measured; count-
ing process once in a month intervals were done during 9 
months in total. The damage of the parasite to the fish spe-
cies was noted to determine the density of fish. 

Parasite collection
The total number of parasites collected from the fish 

was recorded during the year from May to January. The 
external surfaces, buccal and gill cavities of all fish were 
examined thoroughly for Argulus individuals, which 
were subsequently removed carefully using a set of blunt 
forceps. The analyzed data were grouped according to the 
gender of fish parasites. Parasites were stored with 70% al-
cohol, for use in subsequent studies.

Statistical analyses
The results obtained were analyzed with Poisson regres-

sion analysis.
Poisson regression model can be written as follows:

c: The number of fish that suffered the effects of interfer-
ence, 	 N : Number of total examined fish, 

	 α: Fixed term  
	 βi: Regression coefficient of the explanatory vari-

able (temperature),
	 xi:  Explanatory variables,
	 ε: Error term
	 e: 2.1718 (natural logarithm base) respectively.
A variety of goodness fit tests are conducted to the 

results of the analysis. These can be explained as follows 
(Dobson, 2002; Ozmen, 2003; Deniz, 2005):

1. Statistics: µi the average and wi variance dependent 
variable belongs yi to standard

As 

This value of the series is used to determine whether 
excess emission. Where     and      values, are the values of the 
estimation. Calculated P value is compared with the de-
gree of freedom that is determined for  ii μ=w (n-k). This 
formula is applied to the Poisson, and  ddddddddddddwill 
take shape.

The value of Pp calculated is similarly (n-k) compared 
with the value.
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Results and discussion

In the present study, the quantity of fish analyzed ac-
cording to the species and the quantity of parasites, deter-
mined according to the gender and water temperatures, 
are shown in Tab. 1 . As illustrated in Tab. 1, it is seen that 
fish louse has no effect no matter what gender the fish spe-
cies are in May. Similar effect is also seen in January. Fish 
lice start to be ectodoparasite and increase rapidly depend-
ing on the water temperature in June. A high level of cor-
relation between the water temperature and fish lice was 
estimated; August and September were the peak months 
of the louse population.

Regarding the quantity of parasite according to gender, 
A. alburnus male fish are affected more, while Carassius 
male are affected less compared to the female fish. 
According to this, it can be said that parasite formation 
changes dramatically with regard to fish species and 
genders (Kir,1998; Kutlu and Ozturk, 2006).

When results of Poisson regression analysis were taken 
into consideration, the regression equations were esti-

mated as shown in Tab. 2. As seen in Tab. 2, the effect of 
temperature on the amount of parasites on fish species has 
been determined in different proportions reflected in the 
equation.

Temperature rise has effect  mostly on bleak. Accord-
ing to the estimation, in the case of temperature rise, the 
quantity of fish louse will increase too. When Carassius 
species were examined, temperature effect was realized in 
the regression equation from Poisson regression analysis.

The higher the temperature gets, the higher the quan-
tity of fish louse giving harm to the fish occurs. But the 
quantity is not as high as in A. alburnus. It is known that 
fish louse (A. foliaceus), regarded as ectoparasites of sea and 

freshwater fish does considerable harm to fish worldwide. 
Since they live on sucking the fish blood and other tissue 
fluid and also act as conveyer to secondary infection fac-
tors, they endanger their hosts. After perforating the host’s 
skin, fish louse drains the substance secreted beforehand 
into the wound and sucks the blood from the blood ves-
sel it has perforated. Temperature has trigger effect on this 
harm. Because the higher the temperature gets, the more 
parasites come over the fish, and the amount of harm can 
be more than it is expected.

When Tab. 3 is analyzed, it is deduced that each fish 
species has not dispersed overly in terms of Pearson statis-
tics. When analyzed in terms of deviation statistics (G2), 
A. alburnus has the highest fit with 8.24, followed by C. 
carassius with 9.36 and C. auratus with 10.69. When stud-
ied in terms of artificial R2, while the highest R2

’ was seen 
in C. carassius species with 81.23, the lowest R2 is seen in 
C. auratus species with 71.74. When assessed according to 
the gender, it is seen that in Pearson and deviation statis-
tics, A. alburnus and C. auratus species’ males have higher 
figures than females. But in C. auratus species, females have 
higher figures than males. In terms of artificial R2 in these 
species, it shows just the opposite features compared to 
the previous ones. By these results, goodness of fit figures 
differs according to the species. It is anticipated that these 
changes have derived from physiological and morphologi-

Tab. 1. The quantity of parasite seen according to the gender of the fish species and water temperature

Time
A. alburnus C. carassius C. auratus

Water 
temperatureParasite quantity Parasite quantity Parasite quantity

Female Male Female Male Female Male
May - - - - - - 14.0
June 6 3 - - - - 18.5
July 5 5 3 3 2 3 23.0

August 42 60 15 10 12 13 26.0
September 65 86 10 7 9 8 22.0

October 22 18 10 7 9 8 19.0
November 2 3 - 2 1 2 16.0
December - 2 1 1 2 - 10.0

January - - - - - - 8.5
Total 142 177 39 34 38 35 x=17,4

Tab. 2. Regression equations obtained from Poisson regression 
analysis

Species Gender Equations

A. alburnus
Female NFL / TNF =Exp 

(68.87+1.7649 temperature)

Male NFL / TNF =Exp 
(72.14+2.2403 temperature)

C. carassius
Female NFL / TNF =Exp 

(47.68+0.7562 temperature)

Male NFL / TNF =Exp 
(48.87+0.8714 temperature)

C. auratus
Female NFL / TNF =Exp 

(51.27+0.3247 temperature)

Male NFL / TNF =Exp 
(52.21+0.5421 temperature)

NFL: The quantity of fish louse, TNF: Total number of fish
Exp: Natural  logarithm base (2. 71828)
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cal features of the fish. The study examined chi-square sta-
tistics for hypothesis H0 was not accepted. This indicator is 
considered to be inadequate in alignment with the model. 
However, to be compatible in terms of other characters, it 
is understood to be compatible with the overall model.

Conclusions

The present study gave the average figures and variance 
of fish louse giving harm to fish in Poisson regression mod-
el. Besides this, in real data, variance is found out more 
than the average.

These results come across if there are many zeros in 
the data. According to the data obtained at the end of the 
study, it has been deduced there is too much emission. 
While some researchers state that this emission figure can 
be ignored (Wang et al., 1996; 1998), others state that it 
should be analyzed even if it is close to one (Ozmen, 2000; 
Dalrymple et al., 2002; Yeşilova, 2003).  

But he ascertained that the more the quantity of sub-
population gets, the bigger the fit criterion figures are. 
Based on this, in this study, separation process for sub-
groups has not been carried out, considering the goodness 
of fit figures will rise. 

As a result, it was concluded that temperature has a sig-
nificant effect on fish louse quantity giving harm to fish.
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Tab. 3. Poisson regression analysis, goodness of fit evaluation results
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Fish species

A. alburnus C. carassius C. auratus
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