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A B S T R A C T

Medicinal leeches are one of the neglected organisms in animal reproduction studies. In this
study, the effects of feeding two different types of blood, mammalian (cattle blood) and poultry
(chicken blood), on the reproductive efficiency, growth performance and survival of the southern
medicinal leech, Hirudo verbana, were investigated. The type of blood fed did not have a sig-
nificant effect on the growth performance and survival of leeches, but the leeches fed chicken
blood had a 2.5-fold greater performance compared to those fed cattle blood in terms of the
gravidity process and reproductive efficiency. The final weight and survival for the cattle group
was 10.79 ± 4.80 g and 87% and for the chicken group was 10.12 ± 5.26 g and 85%. Gravidity
was initiated in the 7th month in both groups; however, while all gravidities in the leeches fed
with chicken blood occurred in 1-month period, the gravidity of the leeches fed cattle blood
occurred in a 3-month period. The cocoon efficiencies were 6.67 ± 1.50 cocoons/broodstock
and 2.67 ± 3.37 cocoons/broodstock in the chicken and cattle groups, respectively. There were
larger cocoons in the chicken compared to the cattle group. The offspring efficiencies were
12.59 ± 4.17 offspring/cocoon and 9.81 ± 3.67 offspring/cocoon in the chicken and cattle
groups, respectively. The results of this study indicate poultry blood can be used in the man-
agement of broodstock with greater reproductive efficiency in medicinal leech aquaculture.

1. Introduction

The aquaculture sector has been growing rapidly in recent decades (Ponte et al., 2014; Nyman et al., 2017) and new species are
being produced in the agricultural sector (Asche et al., 2009; Bostock et al., 2010). Leeches represent about 800 species in the world
(Kvist et al., 2013) and have an important potential and are one of the neglected organisms in aquaculture studies especially with
regard to leech reproduction (Ceylan et al., 2019). Leeches are macroinvertebrates and contribute positively to the digestion process
of fish having the potential to be a source of live bait in aquaculture (Ceylan et al., 2017). There is a limited number of studies on the
development of feeding protocols for leech species classified as "medicinal leeches" (Whitaker et al., 2004; Sket and Trontelj, 2008)
which serve as a raw material in the pharmacy and cosmetic sectors being used in the treatment of some diseases in both traditional
and modern medicine. There is, therefore, no recognized medicinal leech breeding protocol. In addition to the limited number of
specialists studying leech reproduction/breeding, there is a need by commercial enterprises for greater information in production
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management of the marketing of medicinal leeches for about $1,000/kg in the international market. Scientific studies to be con-
ducted on feeding of medicinal leeches will significantly contribute to the development of leech breeding protocols and to the
inclusion of leeches in commercial aquaculture sectors.

Medicinal leeches are fed with blood (Dickinson and Lent, 1984; Sawyer, 1986). Results of serological and molecular studies
indicate the primary nutrients for medicinal leeches in the natural habitat consist of mammalian, reptile, bird and amphibian blood
(Wilkin and Scofield, 1990; Keim, 1993; Tessler et al., 2018). Although the host preferences of medicinal leeches are known, the host
effects on reproductive and growth performance are unknown. The determination of these effects will significantly contribute to the
establishment of protocols for leech production in aquaculture. There is not direct feeding of the blood that is used for medicinal
leech production (Davies and Mcloughlin, 1996; Petrauskienė et al., 2009, 2011; Ceylan and Erbatur, 2012), with mammalian blood
(cattle blood and pork blood) being the preferred food source, but there have been no previous studies using poultry blood.

The poultry industries which might have ample sources of blood for medicinal leeches, are expanding rapidly in some countries
(Avcioğlu and Türker, 2012; Mottet and Tempio, 2017). There can be discharge from poultry slaughterhouses of many wastes as well
as blood and this can result in environmental pollution. Treatment units created to prevent environmental pollution in slaughter-
houses require a large amount of energy (Aziz et al., 2018). The opportunity to utilize blood discharged from poultry slaughterhouses
for leech production will help in addressing ecological sensitivities resulting from blood discharges, as well as contributing to de-
velopment of an added value product for use in leech production.

In the present study, the effects of mammalian (cattle) and poultry (chicken) blood on the reproductive and growth performance
were investigated for the first time in the medicinal leeches belonging to Hirudo genus. The medicinal leeches are widespread in the
Palaearctic zoogeographical region and are important economically in the aquaculture sector. The growth of leeches, time to reach
sexual maturity and reproductive efficiency of broodstock leeches were compared. The results of this study are expected to provide a
basis for the attempts to develop a dietary ration for medicinal leeches that contributes useful scientific data for developing food
sources for leeches and that further enhances the economic efficiencies of leech aquaculture enterprises.

2. Materials and method

2.1. Animals

The study was conducted on 120 offspring of the southern medicinal leeches (Hirudo verbana Carena, 1820) weighing
0.03 ± 0.01 g (min=0.02 g, max= 0.05 g), which had recently erupted from the cocoon that had yet to be fed at the time of
initiation of this study. The offspring were supplied by the Medicinal Leech Research Laboratory of Eğirdir Fisheries Research
Institute, Turkey.

2.2. Experimental design

The experiment was conducted in Aquaculture Laboratory of Agriculture Faculty in Kahramanmaraş Sütçü Imam University,
Turkey in which there was an environmental temperature of 24.56 ± 1.33 °C and a humidity of 46 ± 7%. The leeches were divided
into two separate groups that were fed with mammalian (cattle group) and poultry (chicken group) blood with four replicates and the
animals were maintained in 5 L pet jars half filled with dechlorinated water. The leeches were evaluated daily and the water in the
jars was changed twice a week. Dead leeches, if any, were noted and removed from the jars.

2.3. Study plan

There was initiation of the study in June 2017 and the study was conducted in two stages during a period of 9 months. In the first
7-month stage of the study, growth performance of the leeches from hatchling to sexual maturity were investigated. In the second
stage of the study, the reproductive performance of the gravid leeches was investigated for 2 months.

2.4. Feed (blood) source and leech feeding

Feeding of the leeches was performed using the methods described in previous studies (Zhang et al., 2008; Ceylan and Erbatur,
2012). Leeches were fed on a monthly basis until there was sexual maturity. Fresh cattle blood was obtained from the Slaughterhouse
of Kahramanmaraş Municipality, and chicken blood was obtained from a private chicken Slaughterhouse in the Onikisubat Muni-
cipality (Kahramanmaraş, Turkey). Both slaughterhouses are licensed by Ministry of Agriculture of Turkey. The hemogram and serum
biochemical analyses of the blood samples were performed by the Vetform Veterinary Clinic Laboratory (Etiler/Istanbul, Turkey).

The blood obtained from the slaughterhouses was treated with 6ml/L of heparin to prevent coagulation. There was 6ml of
heparin placed in empty 1 L pet jars and the jars were subsequently filled with fresh blood while exsanguination of animals was
occurring at the slaughterhouse. After blood collection, the jars were gently shaken for 1min to mix the blood and heparin. The blood
was quickly transported to laboratory in a portable refrigerator at 4 °C within 1 h and the feeding regimen was initiated using these
blood samples. Considering the mean body temperature of cattle and chickens, the temperature of cattle blood was maintained at
38.5 C (Kendall and Webster, 2009) and the temperature of chicken blood was maintained at 41.5 °C (Dawson and Whittow, 2000) in
a circulating water bath before feeding occurred. Blood was inserted into 15-cm of a cow intestine that was placed in a warm water
bath for 10min during which tissue softening occurred. The leeches were fed ad libitum with the other leeches in the treatment group.
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The individual weight (g) of all leeches was determined before and after each feeding.

2.5. Leech reproduction

To compare the reproductive efficiency of the leeches fed with different blood types, 15 gravid leeches weighing 13.49 ± 2.47 g
in the group fed chicken blood and 15 gravid leeches weighing 13.35 ± 2.95 g in the group fed cattle blood with variables related to
sexual maturation being evaluated. Gravidity was evaluated by local swelling and there was assessment of the discoloration in-
dicators in the clitellum region of the leeches (Wilkin, 1989; Elliott, 2008; Ceylan et al., 2015). The initial weight (g) of the gravid
leeches was determined and leeches were individually placed in 2 L pet jars while being covered with half-moist peat (humidity level:
70%–75%), and the reproductive performance was assessed for 2 months. The jars were assessed three times a week for determining
the time of cocoon development. The weight of the cocoons was determined using a 0.01 g precision scale, and the length, inner
length, diameter and inner diameter of the cocoons were determined using a 0.01mm precision digital calliper. The cocoons were
individually incubated in 350mL pet jars while being embed in half moist peat (humidity: 70%–75%) for 30 days at an environ-
mental temperature of 25 °C. At the end of the incubation period, the cocoons were manually opened, the offspring number was
determined, and the individual weight of the offspring was determined using a 0.1mg precision scale (Davies and McLoughlin, 1996;
Utevskaya and Atramentova, 2002; Petrauskienė et al., 2011; Ceylan et al., 2017, 2019).

2.6. Statistical analyses

The normality of the data (leech body weight, cocoon weight, cocoon length, cocoon diameter and number of offspring) was
analyzed using the Kolmogorov-Smirnov test and the homogeneity of the variances was analyzed using the Levene's test. Depending
on the determinations from the preliminary tests, transformation (logarithmic, inverse, square root, etc.) occurred for the data of the
groups with non-normal distribution and non-homogeneous variances. The Independent Samples t-test was used to compare data
with normal distribution and with homogeneous group variances on the basis of feeding groups, while the Mann-Whitney U test was
used for data that were non-normally distributed or with non-homogeneous group variances. One-way analysis of variance was used
for the analysis of data with normal distribution and with homogeneous group variances according to months and the Duncan's
multiple comparison test was used for assessment of treatment differences, while the Kruskal-Wallis test was used for the analysis of
data with non-normal distribution and with non-homogeneous group variances and the Dunn's multiple comparison test was used to
determine treatment differences. To determine the correlation between the values of variables, the Pearson’s correlation coefficient or
Spearman's rank correlation coefficient was used depending on the pre-test results, while the presence and strength of correlation
between the variables were analyzed with regression analysis. The mortality rates were analyzed using the Chi-square test. With the
analyses, the significance level was considered as α=0.05. The values were given as mean ± standard deviation. The data were
analyzed on the IBM SPSS Statistics version 25.0 software package for Windows (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Analyses of cattle and chicken bloods

For values resulting from the hemogram analysis, white blood cell (WBC), mean corpuscular volume (MCV) and mean corpuscular
hemoglobin (MCH) values were greater in leeches fed the chicken blood, while erythrocyte (RBC), hemoglobin (HGB), hematocrit
(HCT) and mean corpuscular hemoglobin concentration (MCHC) were greater in leeches fed cattle blood. Serum analysis, glucose,
cholesterol, triglyceride and calcium values were greater in leeches fed chicken blood, while phosphate, albumin and total protein

Table 1
Hemogram and serum biochemical analysis results with the feeding of cattle and chicken blood to the southern medicinal leech, Hirudo verbana;
Mean values are based on results of two analyses performed at different times for cattle and chicken blood types.

Variables Unit Cattle blood (n=2) Chicken blood (n=2)

White blood cells (WBC) x 109/L 9.2 ± 1.6 22.9 ± 16.5
Erythrocyte count (RBC) x 1012/L 8.6 ± 0.1 5.7 ± 0.2
Hemoglobin (HGB) g/dl 15.2 ± 3.0 11.3 ± 0.4
Hematocrit (HCT) % 38.9 ± 0.7 34.0 ± 1.4
Mean corpuscular volume (MCV) fL 45.3 ± 1.4 60.2 ± 0.2
Mean corpuscular hemoglobin (MCH) pg 17.6 ± 3.3 20.0 ± 0.0
MCH concentration (MCHC) g/dl 39.0 ± 8.6 33.2 ± 0.1
Blood glucose (GLU) mg/dl 164.0 ± 14.8 259.7 ± 9.3
Phosphate mg/dl 2.5 ± 2.0 0.4 ± 0.3
Cholesterol mg/dl 84.4 ± 2.7 99.3 ± 18.8
Triglyceride (TG) mg/dl 199.9 ± 3.1 226.0 ± 7.1
Albumin (Alb) g/dl 5.1 ± 0.8 3.1 ± 0.2
Calcium (Ca) mg/dl 7.3 ± 0.6 9.0 ± 0.5
Total protein (TP) g/dl 6.6 ± 0.7 4.0 ± 0.2

M. Manav, et al. Animal Reproduction Science 206 (2019) 27–37

29



amount were greater in leeches fed cattle blood. The data obtained with hemogram and serum biochemical analyses for leeches fed
chicken and cattle blood are included in Table 1.

3.2. Growth performance

The initial mean weight of leeches was 0.03 ± 0.01 g, and after the last feeding the leeches in the cattle group had a mean weight
of 12.91 ± 6.05 g (final weight: 10.79 ± 4.80 g), while the leeches chicken group had a mean weight of 13.59 ± 8.47 g (final
weight: 10.12 ± 5.26 g) at the time of the last feeding. Throughout the experiment the heaviest leech weighed 38.49 g in those fed
chicken blood and weighed 27.61 g in those fed cattle blood.

The weight increases of the leeches during the treatment period before and after feeding were significant during all months of the
treatment period (P < 0.05). There was the greatest weight increase at the second feeding with 504 ± 34% in the leeches fed cattle
blood, while this occurred at the third feeding with 536 ± 68% in the chicken group. As the leeches aged, the rate of weight
increases before and after feeding gradually decreased. The least rate of weight increase occurred at the last feeding with the increase
being 70 ± 21% in the leeches fed chicken blood, while this occurred at the second-to-last feeding with the rate being 91 ± 56% in
the leeches fed cattle blood.

As an indicator of food digestion performance, the weight loss rates between the feeding periods in both groups were significant
(P < 0.05). The greatest weight loss occurred between the second and third feeding periods with the loss being 46 ± 3% in the
group fed cattle blood, while this occurred between the third and fourth feeding periods in the group fed chicken blood with the
weight loss being 41 ± 5%. The digestion process of the blood consumed was prolonged with growth, and the least rate of weight
loss occurred in the last three times feeding occurred. The least weight loss between the feeding periods occurred in the last month
both in the leeches fed cattle or chicken blood with the weight loss being 17±4% and 25 ± 8%, respectively.

The values for monthly changes of the body weight, proportional increase and decrease in body weight in the two feeding groups
are included in Table 2 and the growth curves are depicted in Fig. 1.

3.3. Gravidity rate

Gravidity of the leeches in both feeding groups started in the 7th month. At the end of 9th month, two leeches in both groups were
not gravid, while all other leeches were gravid. All leeches (n=49) that were alive and found to be gravid in the group fed chicken
blood became gravid in the 7th month. Unlike the group fed chicken blood, gravidity increased gradually in the leeches in the group
fed cattle blood with the number of gravid leeches from the 7th to 9th months being 34, 45 and 50, respectively.

Table 2
Data for monthly changes in body weight, rate of increase and decrease in body weight between the feeding periods in the southern medicinal leech,
Hirudo verbana fed cattle or chicken blood; Body weight was different between months for the two groups (P < 0.05); Growth of the leeches was
not affected by blood type (cattle or chicken) fed based on the body weight values at the end of the experiment (P > 0.05); Rate of both increase
and decrease in body weight was different between months (P < 0.05).

Months Feeding period Body weight (g)* Rate of increase in body weight (%)# Rate of decrease in body weight (%)¥

Cattle group Chicken group Cattle group Chicken group Cattle group Chicken group

0 Before feeding (Initial of
trial)

0.03 ± 0.01g 0.03 ± 0.01g 125 ± 42Bd 250 ± 64Aab

After feeding 0.06 ± 0.03Bf 0.10 ± 0.05Af 18 ± 5Bde 33 ± 2Aabc

1 Before feeding 0.05 ± 0.03Bfg 0.07 ± 0.03Ag 504 ± 34Aa 188 ± 118Bab

After feeding 0.33 ± 0.17Aef 0.21 ± 0.18Bef 40 ± 8ab 32 ± 9abc

2 Before feeding 0.20 ± 0.11Aef 0.14 ± 0.11Bef 362 ± 72Bb 536 ± 68Aa

After feeding 0.91 ± 0.58ed 0.86 ± 0.66ed 46 ± 3Aa 29 ± 2Bbc

3 Before feeding 0.49 ± 0.30de 0.61 ± 0.47de 329 ± 40b 260 ± 113ab

After feeding 2.09 ± 1.06cd 1.97 ± 1.26cd 36 ± 2bc 41 ± 5a

4 Before feeding 1.34 ± 0.65cd 1.17 ± 0.71cd 225 ± 11Bc 300 ± 41Aab

After feeding 4.37 ± 2.15bc 4.61 ± 2.66bc 36 ± 1Bbc 38 ± 2Aab

5 Before feeding 2.82 ± 1.40bc 2.87 ± 1.55bc 121 ± 20d 156 ± 25ab

After feeding 6.16 ± 3.12ab 7.41 ± 4.65ab 20 ± 9de 27 ± 4c

6 Before feeding 4.96 ± 2.80ab 5.29 ± 2.84ab 91 ± 56d 116 ± 34b

After feeding 9.02 ± 4.89ab 11.16 ± 6.28a 27 ± 9cd 27 ± 10c

7 Before feeding 6.48 ± 3.25Bab 8.03 ± 3.67Aa 99 ± 15d 70 ± 21b

After feeding 12.91 ± 6.05a 13.59 ± 8.47a 17 ± 4e 25 ± 8c

8 Before feeding (End of trial) 10.79 ± 4.80a 10.12 ± 5.26a

#: Proportional weight increases before and after feeding, ¥: Proportional weight decrease in the 1-month period between feeding activities. #,¥:
For the relevant variables, the difference between the means is indicated with uppercase letters in the same line and with lowercase letters in the
same column is different (P < 0.05); *Lettering with lowercase letters in the same column does not include considerations for the entire column,
and are independent evaluations on the basis of feeding periods (“Before feeding” and “After feeding”).
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3.4. Reproductive performance

The final weight of the gravid leeches fed cattle blood with a mean weight of 13.35 ± 2.95 g had a reduction in weight to
7.68 ± 2.62 g which is a decrease of 40 ± 22% in mean weight. The mean weight of the gravid leeches of the group fed chicken
blood was 13.49 ± 2.47 g with a reduction in weight to 5.01 ± 1.55 g which was a 63 ± 8% decrease in weight. The difference
between the two groups in terms of the proportional weight loss and final weights of the gravid leeches was significant (P < 0.05).
The data for frequency distribution of proportional weight loss of the broodstock leeches during the reproductive period are depicted
in Fig. 2.

Cocoons were obtained from 8 of 15 gravid leeches that were fed cattle blood and from all 15 gravid leeches that were fed chicken
blood. Although there was a positive correlation between the initial weight of the gravid leeches in both groups and the number of
cocoons produced (chicken r=0.486, cattle r=0.453), this correlation was not significant (P > 0.05). The frequency of cocoon
production as evaluated as the first cocoon produced for each broodstock leech was 7.03 ± 4.00 days in leeches fed cattle blood and
6.46 ± 2.74 days in those fed chicken blood. Although the broodstock leeches in the group fed chicken blood produced cocoons
more frequently, the difference between the two groups in terms of frequency of cocoon production was not significant (P > 0.05).

A total of 40 cocoons were obtained from the leeches fed cattle blood and 100 cocoons were obtained from those fed chicken

Fig. 1. Growth curve of the southern medicinal leech, Hirudo verbana, fed cattle or chicken blood; Growth model of the leeches indicated there was a
marked increase in growth of both rate of both groups as result of the feedings; According to the body weight values at the end of the experiment the
growth of the leeches was not affected by feeding either cattle or chicken blood (P > 0.05); *Initiation of the study; The "-" sign in front of the
months refers to the pre-feeding period and "+"sign refers to the post-feeding period.

Fig. 2. Frequency distribution of the proportional body weight loss of the broodstock leeches fed cattle or chicken blood during the reproductive
period; Rate of loss in body weight between the feeding periods in both groups was significant (P < 0.05); The most frequent range in loss of body
weight was 62.6%–75% with leeches fed chicken blood having a greater productive performance, while the range was 25.1%–37.5% in leeches fed
cattle blood.
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blood. The cocoon production efficiency was 2.67 ± 3.37 cocoons/broodstock in leeches fed cattle blood and 6.67 ± 1.50 cocoons/
broodstock in those fed chicken blood. There was a difference between the two groups in terms of cocoon production efficiency (P <
0.05). Offspring erupted from 36 (90%) of 40 cocoons obtained from leeches fed cattle blood and 74 (74%) of 100 cocoons from the
leeches fed chicken blood, and there were no detectable offspring development in the other cocoons. The data for frequency dis-
tribution of the number of cocoons from the broodstock leeches are depicted in Fig. 3.

The size of cocoons obtained from the gravid leeches fed chicken blood were larger than those fed cattle blood. The cocoon
weight, length, inner length, diameter and inner diameter values were, respectively, 1.23 ± 0.28 g, 23.23 ± 2.87mm,
14.57 ± 1.59mm, 18.37 ± 2.78mm and 10.32 ± 1.62mm in the leeches fed cattle blood, while values for these variables were,
respectively, 1.30 ± 0.27 g, 24.35 ± 2.68mm, 15.24 ± 2.40mm, 18.54 ± 2.37mm and 10.82 ± 1.37mm in the leeches fed
chicken blood. There was a difference between the two groups in terms of cocoon length (P < 0.05); however, the difference in
values between groups for the other cocoon variables was not significant (P > 0.05).

In both groups, there were correlations between broodstock leech size (weight) and cocoon size (P < 0.05). When evaluated
generally, the correlation coefficients were greater in leeches fed chicken blood compared to those fed cattle blood.

There were a total of 353 offspring produced by the leeches fed cattle blood, while there was a total of 932 offspring produced by
those fed chicken blood. The offspring efficiency was 12.59 ± 4.17 offspring/cocoon in leeches fed chicken blood, while this effi-
ciency was 9.81 ± 3.67 offspring/cocoon in those fed cattle blood, and there was a difference between the two groups in terms of
offspring efficiency (P < 0.05). The mean offspring weight was 38.5± 17.4 mg in the leeches fed cattle blood, while this value was
36.3± 13.7 mg in the leeches fed chicken blood, and there was not a significant difference between the two groups in terms of
offspring weight (P > 0.05).

The values for frequency distribution of the offspring from the cocoons in the leeches fed cattle or chicken blood are depicted in
Fig. 4. The data for weight-frequency distribution of the offspring are depicted in Fig. 5. The data for reproductive performance of the
leeches in the two groups are provided in Table 3. The data from correlation and regression analyses of broodstock leech weight and
cocoon size are presented in Table 4.

3.5. Survival rate

A total of 17 leeches, eight leeches fed cattle blood and nine fed chicken blood, died during the period the study was being
conducted. None of the gravid leeches died during the period leeches' were reproductively functional. Accordingly, the survival rate
was 87% for the leeches fed cattle blood and 85% for those fed chicken blood. The mortality rates were evenly distributed
(χ²= 0.059, P > 0.05). During the last 4-months of the 9 month study there were about 59% (n=13) of deaths that occurred
during the entire study period. The depiction of data for monthly survival rates in leeches fed cattle or chicken blood is in Fig. 6.

4. Discussion

In the present study, the type, cattle or chicken, blood fed to the southern medicinal leeches, H. verbana, affected the develop-
mental breeding pattern. The group fed chicken blood had a markedly greater gravidity and reproductive performance, although

Fig. 3. Frequency distribution of the number of cocoons obtained from the broodstock leeches fed cattle or chicken blood; Cocoons were deposited
from 8 of 15 broodstock leeches by leeches fed cattle blood, while there was cocoon depositions from all 15 broodstock leeches fed chicken blood;
Mean deposited cocoon number per broodstock was 2.67 ± 3.37 in leeches fed cattle blood and 6.67 ± 1.50 in leeches fed chicken blood;
Difference between leeches fed cattle or chicken blood for cocoon efficiency was significant (P < 0.05); The most frequent class in deposited
cocoon number was seven with leeches fed chicken blood having the greater productive performance, while this value was 0 in leeches fed cattle
blood.
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there was no effect on growth performance and survival rates.
There was a marked growth pattern in both groups. The leeches consumed a large volume of blood at each feeding on a monthly

basis, but the digestion of the blood that was consumed occurred at a slower rate. These patterns of blood consumption and digestion
resulted in the marked increase in growth rate of H. verbana, similar to that previously reported (Sawyer et al., 1981; Wilkin and
Scofield, 1991; Pfeiffer et al., 2005) in a closely related species, Hirudo medicinalis and the giant glossiphoniid leech, Haementeria
ghilianii.

In the present study, the highest rate of blood consumption compared to their own body weight occurred at the 2nd and 3rd
feedings with about a five-fold increase in weight (Table 2). This value was less than the value of 8.9 reported by Dickinson and Lent
(1984) for the related taxon, H. medicinalis species. It is thought that the species difference, as well as the relative amount of
starvation and individual differences may affect these outcomes from blood feeding. Considering that medicinal leeches can survive
for as long as 6 months (Kikuchi et al., 2009), and in some cases for even as long as 23 months (Ceylan, 2016) without feeding, it is
predicted that the large blood volume that can be consumed is an important adapted survival trait of Hirudo leeches. The amount of
blood consumed compared to body weight reached a peak in the 2nd to 3rd month and there was a gradual decrease subsequent to
that time. This indicates the proportional amount of blood based on amount consumed relative to body weight by leeches decreases

Fig. 4. Frequency distribution of the number of offspring leeches from cocoons of leeches fed cattle or chicken blood; A total of 353 offspring were
produced by leeches fed cattle blood, while 932 offspring were produced by leeches fed chicken blood; The mean number of offspring in the cocoons
was 12.59 ± 4.17 in leeches fed chicken and 9.81 ± 3.67 in those fed cattle blood; Difference between leeches fed cattle or chicken blood was
significant in terms of offspring number (P < 0.05); The most frequent values in offspring number per cocoon was 11–15 in leeches fed chicken
blood and was 6–10 in those fed cattle blood.

Fig. 5. Weight-frequency distribution of the offspring leeches from cocoons of broodstock leeches fed either cattle or chicken blood; Mean offspring
weight was 38.5 ± 17.4mg in leeches fed cattle blood, while this value was 36.3 ± 13.7mg in leeches fed chicken blood; Difference between the
leeches fed cattle or chicken blood in terms of offspring weight was not significant (P > 0.05); The most frequent class in offspring weight was
20.1–40mg for both groups.
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with age. Because of the greater mass-specific metabolism required by small leeches there is need for more energy in the long period
of satiation compared to larger leeches; therefore, the relative amount of blood consumed decreases as the leech develops (Lent et al.,
1988). The decrease in relative amount of weight loss with age, which is an indicator of the digestion process between the feeding
periods, is an important indicator in terms of the nutritional physiology of leeches and leech aquaculture. The rates of weight increase
after feeding, which is an indicator of the amount of blood consumed is dependent on age of the leeches, and the relative rates of
weight loss between the feeding periods, which is an indicator of the digestion rate. This information is useful and practical for
determining the amount of blood required to feed leeches in commercial aquaculture enterprises.

Because of the need for osmotic and volume regulation after feeding on blood, there is a marked urine discharge in leeches in the
initial 8 h after blood consumption (Zerbst-Boroffka, 1973). The medicinal leech, H. verbana can vomit some of the blood consumed
even 66 days after feeding (Ceylan and Erbatur, 2012). In the present study, frequent blood vomiting of some leeches after each
feeding, especially in the first week, resulted in the color of water in the jars being pinkish/reddish. The fact that deaths usually
occurred in the jars with blood discharge indicates that the blood in the stomach of satiated leeches is discharged after death.
Furthermore, the deterioration in the hygiene quality of the water in containers where there was blood vomiting by the leeches gives
rise to the thought that these conditions might have caused the death of other leeches in the container. The fact that most of the
deaths (about 59%) occurred in the last 4 months of the study indicates the negative effect of waste discharge on water quality and
the amount of this discharge increased with stocking density of the leeches. It, therefore, appears as though the effects of the stocking
density of juvenile leeches on the growth performance and survival rates should be investigated. Such a study would provide useful
results for leech aquaculture enterprise development.

Deaths resulting from cannibalism as previously reported by Kutschera and Roth (2005) and Ceylan et al. (2019) in medicinal
leeches did not occur in the present study. It is predicted that regular feeding of the leeches on a monthly basis was effective in
avoiding this problem.

Although the leeches fed with chicken blood had a greater reproductive efficiency than the leeches fed cattle blood, it was noted
that the rate of cocoon development with offspring emergence was less. The rate of cocoon development from which offspring were
obtained was 90% in the leeches fed cattle blood, while this rate was 74% in the group fed chicken blood. It is thought that the results
reported by Petrauskienė et al. (2011) contribute to the interpretation of the results in the present study in this regard. In the previous
study with the H. medicinalis species, there was a lesser reproductive performance compared to what occurred with the H. verbana
species in terms of number of cocoons and offspring. The weight of offspring emerging from cocoons and the survival rate of leeches
during the growth phase were greater in the H. medicinalis species that have a lesser reproductive performance. For this reason, it is
predicted that the lesser rate of cocoon opening in leeches fed with chicken blood might have been a negative consequence as a result
of the relatively greater reproductive outcome of this species. A study involving the rates of cocoon opening and analysis of the biotic
and abiotic factors affecting cocoon opening would be beneficial for both testing of this hypothesis and in development of an
economic leech aquaculture sector. Considering that more offspring were obtained than there was larger cocoon development
(Ceylan et al., 2015), it would be important to ascertain whether there is larger cocoon development in leeches fed chicken blood.
This information would be valuable for planning in development of commercial medicinal leech production enterprises.

Medicinal leeches have a wide range of hosts such as fish, birds, amphibians and mammals (Elliott and Tullett, 1984; Wilkin and
Scofield, 1990; Elliott and Dobson, 2015). The amount of energy content in the blood sourced from hosts varies; mammalian blood
has a greater energy content than amphibian blood (Merilä and Sterner, 2002). The greater energy content in the host blood posi-
tively affects the reproductive performance of medicinal leeches. For example, compared to frog blood, both the sexual maturation

Table 3
Reproductive performance of the southern medicinal leeches, Hirudo verbana fed chicken blood or cattle blood; Differences of final weight of
broodstock leeches, cocoon number per broodstock, length of cocoons and offspring number per cocoon between groups fed the two different types
of blood were significant (P < 0.05).

Variables Chicken group Cattle group

Broodstock Gravid leeches used in production study (n) 15 15
Initial weight (g) 13.49 ± 2.47 (9.36 – 16.11) 13.35 ± 2.95 (9.70 – 18.20)
Final weight (g) 5.01 ± 1.55b (2.99 – 8.16) 7.68 ± 2.62a (3.59 – 11.89)
Proportional weight loss (%) 63 ± 8a (49 – 75) 40 ± 22b (8 – 78)

Cocoon Cocoon deposition frequency (day) 6.46 ± 2.74 (3 – 15) 7.03 ± 4.00 (3 – 20)
Total obtained cocoon (n) 100 40
Cocoons obtained offspring (n) 74 (%74) 36 (%90)
Cocoon number per broodstock (n) 6.67 ± 1.50a (4 – 10) 2.67 ± 3.37b (0 – 10)
Cocoon weight (g) 1.30 ± 0.27 (0.67 – 1.98) 1.23 ± 0.28 (0.65 – 1.79)
Cocoon length (mm) 24.35 ± 2.68a (18.48 – 29.99) 23.23 ± 2.87b (16.04 – 28.89)
Cocoon inner length (mm) 15.24 ± 2.40 (11.33 – 24.03) 14.57 ± 1.59 (11.67 – 16.87)
Cocoon diameter (mm) 18.54 ± 2.37 (13.56 – 25.02) 18.37 ± 2.78 (13.9 – 23.16)
Cocoon inner diameter (mm) 10.82 ± 1.37 (7.24 – 13.81) 10.32 ± 1.62 (6.18 – 13.21)

Offspring Total offspring (n) 932 353
Offspring number per cocoon (n) 12.59 ± 4.17a (3 – 21) 9.81 ± 3.67b (4 – 23)
Weight of offspring (g) 36.3 ± 13.7 (1.6 – 109.5) 38.5 ± 17.4 (4.2 – 98.9)

*Values between parentheses indicate the minimum and maximum values for the relevant variable. The difference between the means is indicated
with lowercase letters in the same line is different (P < 0.05).
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time shortens, and the fecundity rate increases in medicinal leech populations primarily fed mammalian blood (Davies and
Mcloughlin, 1996). In the present study, it is predicted that there was approximately 50% more glucose in chicken blood compared to
cattle blood and this factor may contribute to the greater reproductive performance of the leeches fed chicken blood. This hypothesis
should be supported by further detailed studies focusing on this specific topic. While all gravidities in the leeches fed with chicken
blood occurred in one month, the gravidity of the leeches fed cattle blood occurred during a 3-month period. In addition, the amount
of energy in chicken blood is thought to be a determinative factor for the greater developmental capacity in terms of both cocoon and
juvenile development in leeches fed chicken blood.

5. Conclusions

The results of the present study revealed that mammalian and poultry blood had no significant effect on the growth patterns of the
southern medicinal leech, H. verbana, but had a significant effect on the capacity for sexual maturity and reproductive performance.
The results of this study which indicate the feeding of chicken blood could be incorporated into management practices of broodstock
leech production in commercial aquaculture enterprises in which the leeches have a high capacity for reproductive performance,
thus, providing a value-added product. There appears to be need for scientific studies that focus on the modifications in blood
components fed to leeches, especially protein and glucose, based on the results of the present study. These findings provide valuable
information for development of feed rations that will form a basis for optimum growth and reproductive performance. This type of
information is important if there is to be further development of the aquaculture sector for medicinal leech production, which have
been safely used in the treatment of some diseases in traditional medicine as well as many branches of modern medicine.
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