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Some species of leeches migrate into waterfowl nests and use these both as general habitats and to
deposit cocoons, but ecological associations between leeches and birds are not well understood. In
the present study, characteristics of waterfowl nests both as living area for leeches (Hirudinea)
and as reproduction areas for select hirudinid leeches (Hirudo verbana and Haemopis sanguisuga)
was investigated in both natural and controlled laboratory conditions. A total of 48 leeches were
detected in 23 of the 51 nests surveyed in natural habitats. The leeches were detected more
frequently but there were less dense populations in the nests of the great crested grebe (Podiceps
cristatus) (frequency: 57 %, population density: 0.71 ± 0.76 leeches/nest), and leeches were
detected less frequently but there were more dense populations in the nests of coots (Fulica atra)
(frequency: 36 %, population density: 0.91 ± 1.70 leeches/nest). Although the hirudinid leeches
naturally reproduce between June and September, cocoons were only detected in August and
September, when the nests were not actively used by the waterfowl and when water depths were
less. In laboratory conditions, gravid medicinal leeches prefer moist peat rather than waterfowl
nests for cocoon deposition. Results from the present study indicate leeches more frequently use
the nests of coots, which have both dry and wet layers, compared to the nests of the great crested
grebe, which have only a wet layer. Leeches were also found to be more prevalent in bird nests
during spring months, during the reproductive periods of the waterfowl.

1. Introduction
Aquatic leeches (Hirudinea sensu Tessler et al., 2018) share habitats with species of waterfowl (Jenkins and Ormerod, 2002), and
this sympatry is sometimes exemplified by leeches being resident in nests of these birds (Sawyer, 1986). This may benefit or be of
detriment to both the birds and leeches, depending on the nature of the association. Leeches may parasitize the birds for blood and can
attach to both internal and external organs, such as the trachea, bronchus, mouth cavity, throat, esophagus and brain of birds. This may
lead to various diseases, blindness and even death of the birds (Sooter, 1937; Trauger and Bartonek, 1977; Hillgarth and Kear, 1979).
The leeches, however, provide an easy-to-procure nutritional resource for the birds and, because of generally lesser heavy metal
accumulation in leeches, there is little risk for waterfowl consuming large quantities of leeches (McNicol et al., 1997). Birds have been
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found to feed on both the leeches and their cocoons (Driver, 1988; Smith et al., 2012). From a biogeographic perspective, this close
association is indicative that the birds can also have an important function in the dispersal efficacy of the leeches by carrying them long
distances and effectively translocating the leeches between habitats (Davies et al., 1982; Siddall et al., 2013).
The morphology and placement of bird nests depend on the environment where the birds are resident. Birds residing in terrestrial
environments generally build nests on the ground, or in trees, towers, haystacks, rock piles, shrubs, utility poles (Gilmer and Stewart,
1983; Burger and Gochfeld, 2009) etc., whereas those residing in aquatic environments build nests on the water surface using several
aquatic macrophytes for nest building (Hrynevych et al., 2021). As such, waterfowl nests are in direct contact with water, which makes
the nests a natural part of the aquatic habitats that are also habitats for leeches.
Members of European medicinal leech species (genus Hirudo, including a small number of species [Trontelj and Utevsky, 2012])
feed opportunistically on reptiles, amphibians, fish, mammals and birds (Davies and McLoughlin, 1996; Williams et al., 2020), with
frogs seemingly being the predominant food source. Importantly, results from serological investigations indicate the dietary preference
is conserved in both adult and juvenile leeches (Wilkin, 1989; Wilkin and Scofield; 1990).
Much of the historical literature has focused on the prey-parasite interactions between leeches and birds, with there being in only a
single report of findings where there was use of the nests of birds by the medicinal leech Hirudo medicinalis, as a substrate for cocoon
deposition (Buczyński et al., 2014). In this previous study, there was relative safety from predation by fish and human activity in the
bird nests that provided these leeches, as would-be parasites, the use the nests as cocoon depositories. Considering the paucity of
available information, little is known about the frequency of use and diversity of leech species that express this behavior. Hirudinid
leeches seem to prefer humid, terrestrial, soil-based substrates for cocoon deposition (Sawyer, 1986; Wilkin, 1989; Saidel et al., 2018).
Occasional wetting and drying of waterfowl nests create muddy areas in the nests (Biddle et al., 2019), which provide a site for laying
cocoons. Investigations into the use of waterfowl nests for leech cocoon deposition, therefore, are important for a full understanding of
leech reproductive ecology. The present study, therefore, was conducted to focus on assessing the utility and frequency of waterfowl
nests as reproduction and living areas in vivo and in vitro for two species of hirudinid leeches: the European medicinal leech Hirudo
verbana Carena, 1820 and the European horse leech Haemopis sanguisuga (Linnaeus, 1758).
2. Materials and methods
The experimental component of the study was conducted from April to October of 2014, in natural habitats in the Boyali and
Gelendost wetlands around Lake Eğirdir (Isparta, Turkey), as well as in controlled experimental conditions in the laboratory.
2.1. Study area
Lake Eğirdir, the second largest freshwater lake in Turkey, is a mesotrophic lake of tectonic origin. The maximum depth of the lake
is 13.6 m and, when water depth is maximal (918.96 m), the surface area is approximately 488 km2. The dominant floral components
of the wetlands of Boyali (38◦ 04′ 30′′ N 30◦ 51′ 15′′ E) and Gelendost (38◦ 02′ 59′′ N 30◦ 57′ 01′′ E), where the study was performed, include
reeds (Phragmites australis) and cattails (Typha angustifolia) (Magnin and Yarar, 1997; Ceylan, 2016). In addition, there are approxi
mately 130 species of birds that use the wetlands on an annual basis with the predominant species being the Eurasian coot (Fulica atra)
(Magnin and Yarar, 1997; Tabur and Ayvaz, 2006).
2.2. In vivo investigations of nests
A total of 51 waterfowl nests were investigated in vivo during the April to September 2014 time period. Using the previously
published methodology (Samraoui and Samraoui, 2007; Soylu and Tabur, 2015), external diameter (cm), internal diameter (cm),
depth (cm), height (cm) and number of eggs in each nest was recorded, as well as water depth (cm) at the location of the nests.
Furthermore, the nests were evaluated for the presence of both leeches and cocoons, using the methods described by Buczyński et al.
(2014) with the leeches and cocoons being counted and identified using the procedures described by Maitland et al. (2000) and Ceylan
et al. (2017). In addition, the associated fauna was also identified at the time of collection. Leeches were collected together with a
sample of the lake water and transferred to the laboratory to be weighed. Water temperature (◦ C), dissolved oxygen concentration
(mg/L), saturation (%), pH, electrical conductivity (μS/cm (25 ◦ C)), total dissolved solids (mg/L), salinity (ppt) and air pressure
(mmHg) were determined for each water sample using the YSI Professional Plus multiparameter device (YSI, Turkey).
2.3. In vitro investigation for Hirudo verbana
As a complement to the in vivo study, the cocoon production and deposition preferences of Hi. verbana were investigated in a
controlled laboratory setting using a leech tank containing about 50 gravid leeches. This part of the present study was conducted in two
stages. In the first stage, an artificial bird nest made from cattail, which is used by coots for nest construction (Soylu and Tabur, 2015;
Metna et al., 2016; personal observations) was placed in the tank for 11 days to evaluate cocoon deposition behavior of the medicinal
leeches. In the second component of the study, an additional substrate consisting of moist peat, which is commonly used as a substrate
where there is cocoon deposition (Fernández and Stent, 1982; Petrauskienė et al., 2011; Manav et al., 2019; Ceylan, 2020), was placed
in the tank to mimic the natural habitat of the leeches. These procedures were conducted to assess the substrate preference of the
leeches. Both the artificial nest and the peat substrate were periodically evaluated for whether there were cocoons that had been
produced.
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2.4. Statistical analysis
To assess the statistical significance and homogeneity of the variation in physical characteristics of the lake water between months,
either a One-Way Analysis of Variance (ANOVA) was used with subsequent utilization of the Duncan’s multiple comparisons, or a
Kruskal-Wallis test followed by Dunn’s multiple comparisons test. The correlations among values for different variables were estimated
using Pearson’s correlation coefficient for parametric data, or Spearman’s rank correlation coefficient for non-parametric data. The
model fit between the presence of leeches in the birds nests and certain factors (properties and types of nests, water quality parameters
and reproduction period of the leech populations) was analyzed using a logistical regression analysis (wherein α = 0.05). Statistical
analyses were performed using the IBM SPSS Statistics software version 25 for Windows (IBM Corp, Armonk, New York).
2.5. Ethics statement
A research permit authorized by the General Directorate of Nature Conservation and National Parks of Turkey (ID: 72784983488.04-135753) was secured for the present study. The study was conducted using methods consistent with the Regulation on the
Working Procedures and Principles of Animal Experiments Ethics Committees of Turkey. Accordingly, only experiments conducted
with vertebrates require review and approval by the ethics committees. Although leeches do not require approval, because in the
present study the nests of birds were evaluated, there was a permit issued by the Ethics Committee of Süleyman Demirel University,
Animal Experiments Local Ethics Committee (ID: 21438139-147) was secured.
3. Results
3.1. Nest and water properties
A total of 33 and 7 of the 51 nests were those of coots, and great crested grebes (Podiceps cristatus), respectively, and there were 11
nests that could not be identified as to what bird species built the nest – the latter were, therefore, classified as “undefined”. Data for
morphometric properties of the nests and bird egg counts are presented in Table 1. Results indicate the nests of coots are generally
larger than nests of great crested grebes. Both the inner and outer heights of the nests differed (P < 0.05); however, the mean values for
the other parameters (including egg counts) were not different (P > 0.05).
Water depth at the nest locations ranged between 34 ± 30 cm in September to 131 ± 29 cm in May, with a consistent gradual
decrease between the months. The values for dissolved oxygen concentration were greatest in May with 9.65 ± 3.07 mg/L and were
less, being 0.49 ± 0.67 mg/L and 1.85 ± 0.37 mg/L in August and September, respectively, which was consistent with when there was
a minimum water depth. The data for monthly changes of select water quality variables and water depth are presented in Table 2.
3.2. Leeches in nests
A total of 48 leech specimens including Hirudo verbana, Haemopis sanguisuga, Theromyzon tessulatum (O.F. Müller, 1774), Placobdella
costata (Fr. Müller, 1846), Helobdella stagnalis (Linnaeus, 1758), Hemiclepsis marginata (O.F. Müller, 1774), Erpobdella octoculata
(Linnaeus, 1758) and Trocheta sp. were sampled from 23 of the 51 nests. The frequency of leeches was 36 % 57 %, and 64 % in the nests
of coots, great crested grebe and undefined nests, respectively. The results from conducting the logistical regression analysis indicate
the nest type did not affect the leech prevalence rate in the nests (P > 0.05, OR = 0.556, 95 % CI = 0.277–1.117). The leech prevalence
in nests was more frequent in spring (64 % abundance) compared to other (38 % abundance) months. Interestingly, there were 14 of 24
(58 %) nests where leeches were detected during the reproductive period of the birds (April–June), and only in nine of 27 (33 %) nests
in which leeches were detected during the reproductive period of the birds (July–September). For these data, the logistical regression
results indicated the reproductive period of the birds is a determinant of whether there is leech presence in the nests (P < 0.05, OR =
Table 1
Morphometric properties of the waterfowl nests and findings of the waterfowl eggs.
Nest type

Coot

Great Crested Grebe

Variables

Mean ± SD

Min.

Max.

Outside diameter of nest (cm)
Inner diameter of nest (cm)
Inner height of nest (cm)
Outside height of nest (cm)
Egg number
Outside diameter of nest (cm)
Inner diameter of nest (cm)
Inner height of nest (cm)
Outside height of nest (cm)
Egg number

37.24 ± 5.23
18.94 ± 2.95
6.25 ± 1.09a
13.29 ± 2.82a
2.71 ± 3.75
35.20 ± 7.19
15.33 ± 0.58
3.17 ± 0.29b
8.50 ± 0.50b
2.25 ± 1.71

27
13
5
7
0
24
15
3
8
0

47
23
8
18
10
41
16
3.5
9
4

The nests of the coots are generally larger than the nests of the great crested grebe. Means shown with different lowercase letters in the parameters
indicate difference between nest types; accordingly, the inner and outer height of the nest differed between nest type (P < 0.05). Mean values for other
variables of the nests and egg number, however, were not different (P > 0.05).
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Table 2
Physical properties of the sampled water, as well as water depth at the site of the nests (by month).
Environmental variables

April

May

June

July

August

September

Water temperature (◦ C)
Atmospheric pressure (mmHg)
Dissolved O2 concentration (mg/L)
Dissolved O2 saturation (%)
Electrical conductivity (μS/cm (25 ◦ C))
Total dissolved solids (mg/L)
Salinity (ppt)
pH
Water depth (cm)

20.5 ± 1.2b
685.3 ± 0.6a
5.56 ± 1.28ab
69.3 ± 16.2ab
498.9 ± 242.8ab
279.0 ± 7.0ab
0.21 ± 0.01ab
8.31 ± 0.27b
104 ± 22ab

24.4 ± 1.6ab
683.7 ± 0.4ab
9.65 ± 3.07a
127.9 ± 41.7a
355.8 ± 20.6b
235.2 ± 16.9b
0.17 ± 0.02b
9.12 ± 0.40ab
131 ± 29a

24.0 ± 0.8ab
677.7 ± 0.3c
3.09 ± 1.25bc
40.9 ± 16.9bc
417.4 ± 40.9ab
276.3 ± 24.6ab
0.20 ± 0.02ab
9.04 ± 0.28ab
94 ± 27bc

24.9 ± 1.1a
678.4 ± 0.2bc
3.25 ± 2.56abc
44.4 ± 35.2abc
413.9 ± 56.0ab
269.5 ± 35.2ab
0.20 ± 0.03ab
9.50 ± 0.28a
62 ± 17cd

24.5 ± 1.2ab
679.5 ± 0.9abc
0.49 ± 0.67c
6.7 ± 9.2c
566.8 ± 132.1a
388.2 ± 76.1a
0.29 ± 0.06a
8.22 ± 0.67b
43 ± 20d

20.0 ± 3.8ab
683.1 ± 3.7abc
1.85 ± 0.37abc
22.7 ± 6.6abc
458.9 ± 29.6ab
330.2 ± 46.9a
0.25 ± 0.04ab
7.41 ± 0.20b
34 ± 30d

There is a difference between the mean values as indicated by different letters on the same line (P < 0.05). Water depth was high in spring months,
which represent the reproductive periods of the waterfowl, but gradually decreased at the beginning of summer causing the dissolved oxygen
concentration to be less, and electrical conductivity, total dissolved solids and salinity to increase.

2.800, 95 % CI = 0.896–8.752).
The average leech population density in all the nests combined was 0.94 ± 1.54 (min = 0, max = 6). For the different types of nests,
the corresponding values were 0.91 ± 1.70 (min = 0, max = 6) for coot; 0.71 ± 0.76 (min = 0, max = 2) for great crested grebe; and
1.18 ± 1.47 (min = 0, max = 5) for undefined nests (Table 3). There were no differences among nest type for the population density of
the leeches (P > 0.05). Leech population densities were greatest for Hi. verbana (0.39 ± 0.85 leeches/nest) and least for Ha. sanguisuga,
Hel. stagnalis and Hem. marginata (0.02 ± 0.14 leeches/nest). Leech population density was greatest in April with 2.20 ± 2.49 leeches/
nest and least in September with 0.25 ± 0.71 leeches/nest. For all samples combined, there were no differences in leech population
density among months when evaluations occurred (P > 0.05). Data for monthly changes in leech population densities in the waterfowl
nests are provided in Table 4 and are depticted in Fig. 1. With the exception of Hem. marginata, all of the leech species evaluated in the
present study were at some time point present in the nests of coots; however, the nests of great crested grebe seemed to be preferred by
Hi. verbana and P. costata. There were not effects of morphometric properties of the nests, along with the physical properties of the
water and water depth on the presence and population density of the leeches in nests (P > 0.05).
The associated fauna in the nests consisted of dead fish (Gibel carp, Carassius gibelio), insects (including several larval forms and a
mole cricket), water voles, gastropods, frogs, spiders, planarian, worms, crabs and water snakes. The upper dry layer of the nests was
used by the birds during breeding periods, and by water snakes during periods of abandonment of the nests. Water voles, insects, and
spiders were resident in the moist middle layer and the remaining taxa were present in the submerged bottom layer.
3.3. Cocoons in nests (in vivo)
There was a total of three Hi. verbana cocoons present in September in two of the birds nests. The first of these was a nest of a great
crested grebe that was hanging outside of the water due to a decrease in water depth. The second was a coot nest that was present in the
surface water (Table 4, Fig. 2B). The nests containing the leech cocoons were not actively used by the birds and, therefore, the nest
integrity was compromised. Based on the dryness of the cocoons (Ceylan et al., 2015), one of two cocoons sampled from the hanging
nest seemed to have been deposited relatively recently, whereas the other cocoon had been deposited much earlier. The remaining
cocoon was collected from the semi-moist middle layer of the coot nest. Although only three cocoons of Hi. verbana were sampled, a
total of 20 Ha. sanguisuga cocoons were sampled from six nests in August and September (Table 4, Fig. 1, Fig. 2A). Depth and water
quality, therefore, were not effective predictors of cocoon numbers for either species (P > 0.05).
3.4. Cocoon deposition of Hi. verbana (in vitro)
Only a single cocoon was deposited in the artificial nests during the initial 11-days of the experiment conducted in the leech tank.
During the second component of the study, however, when the moist peat substrate was placed in the tank, cocoon deposition was
markedly increased. Whereas a total of 22 cocoons were deposited on the moist peat, no cocoons were deposited in the artificial nest
during the second component of the study. These data for results of the in vitro portion of the study are presented in Table 5.
4. Discussion
4.1. Leeches in nests of waterfowl
The results from the present study revealed that waterfowl nests, natural components of most wetland areas, are important for
reproduction in several leech species. This study was only the second investigation in which there was evaluation of this behavior, with
the first (Buczyński et al., 2014) being focused on these evaluations of the European medicinal leech species, Hirudo medicinalis. In that
previous study, nest height, water pH and dissolved oxygen concentration were determining factors for the presence and population
density of leeches in the nests. By contrast, the results of the present study indicate that the morphological properties of the nests and
the species of bird building the nests, as well as the physical properties and depth of the water do not have effects on the
4
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Table 3
Leech population density and number of cocoon findings according to nest type.
Nest type

5

Coot
Great Crested Grebe
Undefined
All

Leech density (leeches/nest)

Cocoon number (n)

Hi. verbana

Ha. sanguisuga

T. tessulatum

P. costata

Hel. stagnalis

Hem. marginata

E. octoculata

Trocheta sp.

All leeches

Hi. verbana

Ha. sanguisuga

All cocoons

0.27 ± 0.67
0.43 ± 0.79
0.73 ± 1.27
0.39 ± 0.85

0.03 ± 0.17
0±0
0±0
0.02 ± 0.14

0.21 ± 0.74
0±0
0±0
0.14 ± 0.60

0.27 ± 0.52
0.29 ± 0.49
0.27 ± 0.47
0.27 ± 0.49

0.03 ± 0.17
0±0
0±0
0.02 ± 0.14

0±0
0±0
0.09 ± 0.30
0.02 ± 0.14

0.03 ± 0.17
0±0
0.09 ± 0.30
0.04 ± 0.20

0.06 ± 0.24
0±0
0±0
0.04 ± 0.20

0.91 ± 1.7
0.71 ± 0.76
1.18 ± 1.47
0.94 ± 1.54

1
2
0
3

12
5
3
20

13
7
3
23

The leeches were more frequently present, but the populations were less in the nests of great crested grebe (Podiceps cristatus), and leeches were less frequently present but populations were greater in the
nests of coot (Fulica atra). The nests of the great crested grebes were preferred by only two of the eight leech species (Hi. verbana and P. costata), whereas the nests of coots were preferred by seven leech
species (all except for Hem. marginata). There was no difference of the leech population density between nest type for all leeches (P > 0.05).
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Table 4
Leech density and number of cocoon findings during different months.
Total number of nests
surveyed (n)

April

5

May

9

June

10

July

7

August

12

September

8

All

51

6

Months

Leech population density (leeches/nest)

Cocoon number (n)

Hi.
verbana

Ha.
sanguisuga

T. tessulatum

P. costata

Hel.
stagnalis

Hem.
marginata

E. octoculata

Trocheta
sp.

All
leeches

Hi.
verbana

Ha.
sanguisuga

All
cocoons

1.20 ±
1.30
0.78 ±
1.30
0.20 ±
0.42
0±0

0±0

0.20 ± 0.45

0.20 ± 0.45

0±0

0

0

0.11 ± 0.33

0±0

0±0

0

0

0

0±0

0±0

0±0

0±0

0±0

0

0

0

0±0

0±0

0±0

0±0

0±0

0

0

0

0.25 ±
0.62
0.25 ±
0.71
0.39 ±
0.85

0.08 ± 0.29

0±0

0±0

0±0

0.08 ± 0.29

0.10 ±
0.32
0.14 ±
0.38
0±0

0

3

3

0±0

0±0

0±0

0±0

0±0

0±0

3

17

20

0.02 ± 0.14

0.14 ± 0.60

0.27 ±
0.49

0.02 ±
0.14

0.02 ± 0.14

0.04 ± 0.20

0.04 ±
0.20

2.20 ±
2.49
2.11 ±
2.47
0.60 ±
0.70
0.43 ±
0.79
0.58 ±
0.67
0.25 ±
0.71
0.94 ±
1.54

0

0.67 ± 1.32

0.20 ±
0.45
0±0

0±0

0±0

0.40 ±
0.55
0.56 ±
0.73
0.30 ±
0.48
0.29 ±
0.49
0.17 ±
0.39
0±0

3

20

23

Animal Reproduction Science 232 (2021) 106816

The leech populations were greater in the waterfowl nests in spring months, which is the reproductive period for the waterfowl. The leech population density for all leech species was largest in April with
2.20 ± 2.49 leeches/nest, but there were fewer (0.25 ± 0.71) leeches/nest by September.
There was no difference in the leech population density among months (P > 0.05).
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Fig. 1. Leech population density and cocoon number for Hirudo verbana and Haemopis sanguisuga in the waterfowl nests by month. The population
density for all leech species was greatest in April with 2.20 ± 2.49 leeches/nest, but gradually decreased to 0.25 ± 0.71 leeches/nest by September.
Although the hirudinid leeches reproduce between June and September in their natural habitat, their cocoons were only detected in August and
September when the nests mostly were not used by the birds. There was an inverse correlation (r = -0.479, P > 0.05), between the leech population
density and cocoon number.

Fig. 2. The cocoons of the horse leech, Haemopis sanguisuga (A) and medicinal leech, Hirudo verbana (B) in waterfowl nests. Although only three
cocoons of Hi. verbana were present in the nests, a total of 20 cocoons of Ha. sanguisuga were present. The spongy outer layer of cocoon of Ha.
sanguisuga consists of sparse and thick fibers, whereas cocoon of Hi. verbana consists of dense and thin fibers (C). Scale: 5 mm.

7
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Table 5
The findings of Hi. verbana cocoons in the medicinal leech tank.
Date

Cocoons in waterfowl nest (n)

Cocoons in moist peat (n)

Water temperature in leech tank (◦ C)

07.09.2014#
09.09.2014
15.09.2014
17.09.2014
23.09.2014
26.09.2014
08.10.2014
20.10.2014
Total

1
–
–
–
–
–
–
–
1

–
6
11
3
1
1
–
–
22

26.0
26.0
25.5
24.0
22.5
13.5
21.5
13.0

#
Only artificial bird nest existed between 27.08.2014− 07.09.2014 in the leech tank. *Water temperature measurements were performed as
standard at pm 13:00. There was only one cocoon in the artificial nests during the first 11-days of the experiment conducted in the medicinal leech
tank. When the moist peat substrate was placed into the tank, however, there was a marked increase in cocoon deposition. A total of 22 cocoons were
produced and deposited in the moist peat, with there being no cocoons produced or deposited in the artificial nest during the same period.

presence/absence or population density of the leeches in the nests. It is possible that the results in the present study reflect the pre
viously described tolerance of leeches to variation in response to ecological factors (Spyra and Krodkiewska, 2013).
Although there were no detectable differences regarding the preference of leeches for nests of different bird species, leech popu
lation densities were generally greater in the nests of coots (F. atra) when compared to the nests of the great crested grebe (P. cristatus).
Nests of coots were also comparatively higher (height = 13.29 ± 2.82 cm) than nests of great crested grebes. The nests of great crested
grebes, however, were closer to the water surface (height = 8.50 ± 0.50 cm) and have only a wet layer, whereas for the nests of the coot
there is both an upper dry and a lower wet layer (both also possess a middle moist layer). It, therefore, seems reasonable to suggest that
both dry and wet layers (as is the case for coots) are advantageous for the leech reproductive functions. Unlike the nest preferences of
the remaining seven leech species, however, specimens of the medicinal leech, Hi. verbana, seemed to prefer the nests of the great
crested grebe. This is indicative of differential cocoon deposition preferences for different leech species.
Lomholt (1976) reported that loss in weight for incubated eggs of the great crested grebe was greater than that of other bird eggs
and explained this phenomenon by the relatively greater water vapor conductivity of the eggshells. This finding indicates the moisture
quantity in the nests of great crested grebes is an important variable for successful incubation of eggs. When the coots temporarily left
their nesting sites, they did not camouflage their eggs, whereas the great crested grebes camouflaged their eggs with moist plant parts
when being away from their nest. This finding, therefore, infers that in the nests of great crested grebes, there is lesser desiccation of the
leeches and, consequently, this is a preferential habitant for Hi. verbana. There, however, will need to be more studies conducted to test
this hypothesis.
Buczyński et al. (2014) suggested that the bird nest habitats provide a large amount of protection from predation for the medicinal
leech, Hi. medicinalis. Furthermore, results from the present study of potential hosts in the nests, such as gastropods, birds, fish, frogs,
voles, and snakes may provide feeding opportunities for both hematophagous and liquidosomatophagous leeches. Contrary to this,
Ceylan (2016) reported that the crabs and mole crickets present in the nests were also consuming specimens of Hi. verbana and
damaging cocoons. There seems to be a contrasting aspects of the desirability of bird nests as leech habitats for reproduction, insofar as
the nest provide protection from predators and are a nutrient source, but that the associated faunal predators can compromise leech
viability or their cocoons can be utilized as a food source for the birds.
Results from the present study also suggest that the seasons and reproductive periods of the birds are determinants for the prev
alence and population density of leeches in the nests. There was a small positive correlation between the values for bird egg number
and the number of leeches present in the nests (r = 0.186, P > 0.05). Because the birds are more frequently present in the nests during
incubation periods, this provides a feeding opportunity for the parasitic leeches, such as Hi. verbana, T. tessulatum and P. costata.
Considering the fact that some leeches also feed on birds (Sawyer, 1986; Wilkin and Scofield, 1990; Elliott and Dobson, 2015) it is
thought that the increase in leech population density in nests during this period may be related to feeding opportunities. The extent to
which leeches feed preferentially on birds is still largely unknown, but there is some evidence that birds account for the majority of the
diet for Hi. medicinalis, a close relative of Hi. verbana. In identifying the sources of the bloodmeals inside of hundreds of specimens of Hi.
medicinalis, Williams et al. (2020) found that bird species are ten of the 16 taxa in which blood was present inside the leeches. This
finding indicates there is a preference for bird blood by these leeches or, at least, that birds constitute a considerable source of blood for
the parasites.
The data for average population sizes of Hi. verbana indicted there were 2,100 leeches evaluated for the present study (Ceylan,
2016). In this study, there was detection of a total of 20 medicinal leeches in the nests; accordingly, it can be assumed that only 1% of
the medicinal leech population utilized bird nests in some capacity as a habitat or for reproduction.
4.2. Leech reproduction in the waterfowl nests
In the present study, both Hi. verbana and Ha. sanguisuga utilized waterfowl nests as cocoon deposition areas. Results from the
present study indicated medicinal leeches prefer bird nests as reproduction areas as a option when the birds are not nesting. Ceylan
et al. (2015, 2021) reported that members of Hi. verbana deposited cocoons at intervals of 10 days on average (between 9.67 ± 3.68
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days and 11.37 ± 4.52 days). There, however, was only a single cocoon collected within the first 11 days of placing 50 gravid leeches in
a leech tank in which there had been artificial bird nests placed. In a focused study, there was a preference of peat for cocoon deposition
with there being 22 cocoons deposited by the same individual leeches onto this substrate when it was placed in the tank – note that
there was no cocoon deposition in the artificial nest during the period that the peat was present. This result seems to suggest that Hi.
verbana does not prefer waterfowl nests as primary substrates for cocoon deposition, when there is a choice between this and peat. It is
possible that the greater stability in humidity quantity that occurs in the moist peat is a necessary property for leech cocoon deposition.
Kutschera and Roth (2006) reported that embryos inside of the cocoons of Hi. verbana were nonviable after being submerged in water.
Cocoons deposited on a solid substrate, however, require conditions in which there is prevention of internal desiccation and loss of
larval viability (Saidel et al., 2018). It, therefore, seems essential for the leeches to deposit cocoons at sites with stable humidity
quantities (Ceylan, 2016), such that the location and morphological characteristics of the nests become important factors in deter
mining a favorable cocoon deposition site (Akresh et al., 2017; Bellier et al., 2018). The regulation of humidity in bird nests is
important for leech and cocoon viability (Deeming, 2011) because of the increased likelihood of loss of viability due to drying during
nesting and brood-rearing during the reproductive season for waterfowl (Sutherland and Maher, 1987). Large quantities of rainfall and
risk of flooding; however, also have an adverse effect on leech nests and reproductive activity (Roy Nielsen and Gates, 2007; Samraoui
and Samraoui, 2007). Both excessive moisture and moisture losses in bird nests, however, may quickly transform a favorable
waterfowl nest into a hazardous habitat for medicinal leeches. This notion was supported by the fact that two of three Hi. verbana
cocoons were sampled from the moist middle layer in a nest located 30 cm above the water surface in the present study (see Results).
As the leech population density per bird nest increases, the reproductive efficiency of leeches decreases. A reduction in cocoon
number, as well as an increase in the abnormal morphological development of cocoons and loss of viability of brood stocks has been
correlated with an increased leech population density (Ceylan et al., 2019). It is also thought that diversity, population density, and
mobility of the leeches present in the nests may limit cocoon deposition for medicinal leeches. Although specimens of natural pop
ulations of Hi. verbana produce cocoons from July to September, sampling cocoons in September may allow for further testing of these
hypotheses, when water-depth is less in the lake and the nest structures are frequently damaged as well as when there is fauna
presence.
Medicinal leech (Hirudo sp.) cocoons are typically deposited onto terrestrial substrates (Sawyer, 1986; Wilkin, 1989). The results
from the in vitro portion of the present study clearly supports this possibility. Furthermore, the presence of two thirds of the total
number of cocoons in the partially muddied, semi-humid layer of the nests of the great crested grebe (in vivo) also provides evidence for
this possibility.
Although only three cocoons of Hi. verbana were collected from the nests, a total of 20 cocoons of Ha. sanguisuga were collected.
Ceylan et al. (2017, 2019), reported that the relative humidity preferences for cocoon deposition is greater for Ha. sanguisuga (80 %
relative humidity) than Hi. verbana (70 %–75 % relative humidity). Inasmuch as Hi. verbana prefers lesser humidity conditions for
cocoon deposition, bird nests seem to be relatively unstable environments due to the potential for rapid increases in moisture
quantities. Results from the present study are the first to indicate that the specimens of the species, Haemopis, prefer bird nests for sites
to reside and reproduce to a greater extent than their blood-feeding relatives. The results from the previous studies indicate members of
Ha. sanguisuga should have a greater preference for bird nests when compared to Hi. verbana, because Ha. sanguisuga prefer relatively
greater quantities of moisture to deposit cocoons. In addition, the diversity in characteristics of the bird nests may also provide feeding
opportunities for the offspring of horse leeches because these leeches are macrophagous predators, as opposed to blood-feeding
parasites (Sawyer, 1986; Neubert and Nesemann, 1999). Because gastropods are among the prey of horse leeches (Shikov, 2011),
the sampling of gastropod specimens from the nests in the present study supports this notion.
The reproductive period of Ha. sanguisuga is similar to that of Hi. medicinalis and Hi. verbana with there being production of cocoons
between June and September in natural habitats (Sawyer, 1986; Elliott and Dobson, 2015). Cocoons from Ha. sanguisuga and Hi.
medicinalis are easily confused (Maitland et al., 2000), and it is also difficult to distinguish the cocoons of Hi. verbana and Hi. medicinalis
(Kutschera and Roth, 2006; Saidel et al., 2018). The outer spongy layer of Ha. sanguisuga cocoons consists of sparse thick fibers,
whereas the spongy structure of Hi. verbana cocoons is composed of finer, more dense fibers that almost completely cover the cocoon
(Ceylan et al., 2017) (Fig. 2C). It should, therefore, be noted that the description of the cocoon of Hi. medicinalis by Buczyński et al.
(2014) from bird nests should be re-evaluated. Because of its structure in the figure supplied in the publication, it seems more likely
that the cocoon originated from a species of Haemopis. It is the hope that photographs of the cocoons of both Hi. verbana and
H. sanguisuga (Fig. 2) will be useful when conducting future studies and will minimize the risk of misidentification of cocoon types.
5. Conclusions
Through a series of in vivo and in vitro investigations, it was ascertained that the leech species, Hi. verbana and Ha. sanguisuga, use
bird nests both for cocoon deposition during periods when the nests are not actively used by the birds, and as habitat during the
reproductive periods of the birds. Results from investigations in the present study into the presence/absence and number of cocoons in
both natural and experimental conditions strongly support the notion that waterfowl nests do not serve as the primary substrate for
cocoon deposition. This supposition is supported by the fact that moist peat was far more preferred by the medicinal leech, Hi. verbana.
It is concluded that bird nests are used to a minor extent by leeches as reproduction areas with there being desirable and undesirable
aspects of bird nests as sites for leech reproduction as a result of associated fauna, organism population densities in the nests, and
variations in moisture quantities. Future studies investigating the effects of these components should broaden the taxonomic scope to
other bird and leech species.
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