ECOLOGICAL STUDIES OF THE COMMON LEECHES

OF RUTLAND WATER

by

MAJID HAMED MAJEED, B.Sc. (Baghdad)

A thesis submitted in candidature for the
degree of Doctor of Philosophy

at the University of Leicester

1984



UMI Number: U344930

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Dissertation Publishing

UMI U344930
Published by ProQuest LLC 2015. Copyright in the Dissertation held by the Author.
Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346






I dedicate this thesis to my mother Fatima, my late

father Hamid, my sisters Suhaila and Elham, and my

brothers Khalid, Wail and Shamil Al-Hayaley.



[
.
N

. " . . . . . .
U o0 NN NN P N

.
.

[ . .
WwoOW N NN NN NN P
.

. . . .

U W NN oD
L]

.
w N

W NN NN NN NNN K R e e e e e
. . . .

W W
B N

CONTENTS

INTRODUCTION

Taxonomic criteria and distribution of
species recorded in Rutland Water

Family Erpobdellidae
Erpobdella octoculata
Family Glossiphoniidae
Helobdella stagnalis
Glossiphonia complanata
Glossiphonia heteroclita

Theromyzon tessulatum

Hemiclepsis marginata
Family Piscicolidae

Piscicola geometra
Previous studies of leeches

The study of energetics requirements
Outline of present study

MATERIALS & METHODS

Description of study area

Limnological characteristics
Temperature

Oxygen

Major nutrients

Sampling technique

Sampling pattern andg frequency
Sorting

ABUNDANCE AND DISTRIBUTION
Introdaction

Methods

Results

Discussion

Page
no.

O ® MO N 3 O d d NN

N = O e e
N O OV OV O OO N

NN
\n W

w N NN
W v W un



=3

=8

o

>
G D s W W NN

>
[\ 2

oS
. . .
.
N

[V I

(G BT BT RS BT BT B R T

R B b W N

w N -

=

I e U IO e )
—

L]
SO

W wwwNn NN

.
.
W o

(o206 e Nl N0 ) o ) Wi« ) W o AW R € I G, IO, NG B0

CONTENTS (cont'ad)

POPULATION ECOLOGY

Introduction

Life cycle of H. stagnalis
Population density of H. stagnalis
Population biomass of H. stagnalis
Life cycle of E. octoculata
Population density of E. octoculata

Population biomass of E. octoculata

Life cycle of G. complanata
Population density of G. complanata
Population biomass of G. complanata

Summary
RESPIRATORY STUDIES

Introduction

Previous studies on leeches

Techniques for measuring oxygen consumption
Materials and methods

The Gilson respirometer

Procedure

Operational procedure for the Gilson
respirometer

Oxygen uptake

Calculation of oxygen uptake
Results

QlO and weight

Discussion

FEEDING STUDIES

Introduction

Methods

Prey preference experiments
Results

Food consumption rate
Calculations

Results

Food consumption and day length

Page
no.

37
37
38
42
44
45
48
50
51
54
54
55
57
57
58
59
61
61
61
62

64
64
65
66
68
72
72
76
76
77
77

80

81
81



NN N NN o

()
(s

(S

-

CONTENTS (cont'd)

Food consumption and temperature
Faeces production

Results

Discussion

ENERGY BUDGET OF THE THREE SPECIES
Introduction

Energy equivalents

Results

Population respiratory metabolism

Annual food consumption and faeces
production

Calculation of production
GENERAL DISCUSSION

Summary
Acknowledgements
References

Appendix A
Appendix B

Page
no.

82
83
84
85
89
89
89
91
92
94

95
96

101
103
104



1. INTRODUCTION

Leeches are common carnivores in many fresh-
water ecosystem with roles ranging from outright predation
to intermittent ectoparasitism. Despite their abundance
most researchers have concentrated on their life cycles and
prey preferences without considering their significance in
the energetics of freshwater ecosystems.

In this account, I examine the energy budgets,
abundance and population dynamics of three predatory species,

Erpobdella octoculata (L.), Helobdella stagnalis (L.) and

Glossiphonia complanata (L.) in the relatively simple and

immature ecosystems of a new reservoir, Rutland Water, in
Leicestershire, England. This study forms a part of the
investigation of the benthic invertebrates of Rutland Water
being conducted by members of the Zoology Department,

University of Leicester.

1.2 Taxonomic criteria and distribution of species recorded

in Rutland Water

The class Hirudinea comprises three orders
(Moore,1959), namely Rhyncobdellae, Gnathobdellae and
Pharyngobdellae, which together contain ten families,

140 genera and 500 species (Sbos, 1969, 1970). Most species



are confined to freshwater but both terrestrial and marine
taxa occur throughout the world. Sixteen species, all
freshwater, have been recorded in the British Isles (Elliott
& Mann, 1979). Seven species have been recorded from
Rutland Water during this study (Table 1) of which the

commonest are Helobdella stagnalis, Erpobdella octoculata

and Glossiphonia complanata. All identifications were

made using this key by Mann (1964).

1.2.1 ramily Erpobdellidae

Five British species belong to this family.
They possess no jaws but have large mouths which contain
muscular ridges which facilitate the ingestion of whole
prey. The genital pores are separated by a consistent
number of annuli in each species. There are four pairs of

eyes arranged in two transverse rows.

1.2.1.1 Erpobdella octoculata (L.)

The genus Erpobdella can be distinguished

from other British erpobdellids (Dina lineata and Trocheta

spp.) by having all annuli of the same breadth. In addition
Trocheta spp. have the genital pores separated by 5 - 6

annuli.



TABLE 1

Species occurring in Rutland Water

Rhyncobdellae
Family Glossiphoniidae

Helobdella stagnalis (Linnaeus, 1758)
Glossiphonia complanata (Linnaeus, 1758)
Glossiphonia heteroclita (Linnaeus, 1761)
Hemiclepsis marginata (0.F. MUller, 1774)
Theromyzon tessulatum (O.F. MUller, 1774)

Family Piscicolidae
Piscicola geometra (Linnaeus, 1758)

Pharyngobdellae
Family Erpobdellidae
Erpobdella octoculata (Linnaeus, 1758)




E. octoculata has the genital pores separated
by 2% - 3% annuli which in E. testacea are separated by
3% - 4} annuli (Mann, 1952). 1In addition E. octoculata has
the dorsal surface with a variable amount of black pigment
which is lacking in E. testacea.

Confirmation of identification can be obtained
by dissecting the atrial cornua.

Johansson (1910) described three varieties
of this species depending on the amount of black pigment on
the dorsal surface. The variety atomaria has the dorsal
surface marked by a black reticulum with the light spot
small and regularly rounded off, the variety pallida has no
pigment at all on the dorsal surface and the variety vulgaris
has a small amount of black pigment, not forming a complete
reticulum. Mann (1952) found var. vulgaris and var. atomaria
occurred in approximately egqual numbers and there was no
difference in their geographical distribution in collections
made in Britain. He concluded that he was dealing with a
single systematic unit in which the members develop a
variable amount of black pigmentation depending on some
external or internal factor at present unknown. Mann (Op.
cit.) reported that var. pallida has not been recorded in
Britain and the variety is regarded by So6os (1966) as being
confined to Eastern Europe. Dall (1979) reported the

occurrence of only vulgaris and atomaria in Denmark.



In the present study, both varieties were
encountered and their identity confirmed by dissection of
the atrial cornua in approximately 20 of each variety.

E. octoculata is found throughout Europe

(sbos, 1967). It occurs in all kinds of freshwater habitat,
in hard and soft water, in lotic and lentic water bodies
(Maitland, 1966; Wilkialis, 1970; Elliott, 1973b; Lang,
1974; Dall op. gig.). It occurs in particularly high
numbers in habitats subjected to moderate organic pollution

(Elliott op. cit; Aston & Brown, 1975).

1.2.2 Family Glossiphoniidae

This family includes seven British species.
They lack jaws and the mouth is a small slit in the oral
sucker. The total number of annuli is less than 80,
arranged in groups of three so that the pattern on the
dorsal surface, where present, is repeated every three
annuli. There are two to eight eyes and when there are

eight eyes they are placed in two longitudinal rows.

1.2.2.1 Helobdella stagnalis

This species is readily differentiated from
all other British Glossiphoniidae by the presence of a

dorsal chitinous scute lying a short distance behind the



anterior sucker. This species possesses only a single pair

of eyes.

It is one of the most widespread species in
the world being recorded from every continent except
Australasia and Antarctica (sbos, 1969) and is widely
distributed in the British Isles. The species is tolerant
of very diverse conditions. Thus Bennike (1943) reported
H. stagnalis living in oxygen concentrations as low as
0.69 ml 0, 17! while various authors (e.g. Williams, 1961;
Maitland, 1966; Sapkarev, 1968) reported from very acid
water (pH {4.0). It is most abundant, however, in eutrophic,
alkaline, lentic water bodies (Sawyer, 1968; Scudder & Mann,
1969; Tillman & Branes, 1973) and is particularly abundant

in waters of large surface area (Mann, 1961).

1.2.2.2 Glossiphonia complanata (L.)

This species is differentiated from all
other British Glossiphoniidae by the presence of two
distinct dorsal longitudinal lines and three pairs of eyes
which are arranged in two nearly parallel rows. Elliott
and Mann (1979) describe variations in the eye pattern but no
examples of any of these have been encountered in this study.
It is Holarctic in distribution (Kleem, 1975),

and shows a strong preference for lentic waters (Séos, 1967).



It is reportedly tolerant of oxygen concentration as low as
0.69 m1 0, 17} (Bennike, op. cit.). Scudder and Mann (1968)
and wilkialis (1970) relate the distribution and abundance
of this species to the availability of snails which form
its exclusive prey. Since snails are generally dependent

on a high level of calcium, the leech is similarly

restricted as noted by Mann (1957, 1961).

1.2.2.3 Glossiphonia heteroclita (L.)

This leech is amber with three pairs of eyes,
the first pair closer to the mid-line than either of the
other two pairs. These two characteristics differentiate
it from G. complanata and other British Glossiphoniidae.

In addition, G. heteroclita is translucent, and more or less

brownish yellow while G. complanata is clearly marked with

green and brown.

It occurs in Europe and Central and East
Africa (sSbos, 1969). It shows a strong preference for hard
water (Mann, 1964) and occurs chiefly in lentic habitats
containing large numbers of snails. It appears to differ

from G. complanata in preferring stagnant water (Wilkialis,

1964; sawyer, 1968; sbos, 1969).



1.2.2.4 Theromyzon tessulatum (O.F. Muller)

This species is easily recognised by the
presence of eight eyes arranged longitudinally in two
parallel rows on each side of the mid-line.

It is Holarctic in distribution (Sdos, 1969).
It rarely occurs in running water but is not restricted to
a particular type of lentic habitat (williams, 1961;
Wilkialis, 1970). Maitland (1966) reported that this
species is much less dependent on the alkalinity and hardness
of the water than are most other species. It feeds on the
blood of water birds and has been recorded on domestic and
wild ducks, swans, bitterns, curlews and great crested
grebes (Mann, 1951), so its distribution among various
habitats presumably reflects the distribution of the hosts

(MacCarthy, 1975).

1.2.2.5 Hemiclepsis marginata (0.F. Mliller)

This leech can be recognised by the presence
of only two pairs of eyes of which the anterior are much
smaller and closer together than those of the posterior
pair. Further, this is the only British glossiphoniid in
which the head and anterior sucker are markedly wider than
the following body segments.

It is Palaearctic in distribution (Kleem,

1976) and occurs in the muddy-sandy bottoms of lakes and

7.



rivers (Mann, 1955; Maitland, 1967; Wilkialis, 1970). This
leech feeds on the blood of fishes and amphibians and the
presence of this species is to a great extent dependent on
the presence of suitable hosts (Mansfeld, 1934; Mann, 1955;

Maitland, 1966).

1.2.3 ramily Piscicolidae

This family contains one British species.
It has no jaws. Both anterior and posterior suckers are
usually distinctly marked off from the body. The body is
cylindrical with many narrow annuli. There are two pairs

of eyes.

1.2.3.1 Piscicola geometra

This species is recognised by the presence
of two pairs of eyes which are parallel to one another and
by the general appearance of the family noted above. The
pulsatile vesicles present on the margin of the posterior
half of the body.

It is Palaearctic in distribution but has
also been found in North and South America possibly as a
result of introduction (Sbos, 1967). It is a widely
distributed leech, particularly in well oxygenated fast

running water, and is rarely found in a standing water,



except in the surface zone of lakes and ponds (Mann, 1962).
It is ectoparasitic on a wide range of fishes, and the

presence of this species is to a great extent dependent on
the presence of its hosts (Brightwell, 1842; Bennike, 1943;

MacCarthy, 1975).

1.3 Previous studies of leeches

The systematics, taxonomy and distribution
have occupied the attention of a number of biologists over
many years (e.g. Séos, 1967; sapkarev, 1968; Elliott & Mann,
1979). Detailed investigations of the biology and ecology
of leeches in Britain have been confined principally to the
population dynamics of a few species. Mann (1953; 1957a,

1957b) studied E. octoculata, H. stagnalis and G. complanata

in Berkshire. Elliott (1973a) studied E. octoculata in

Cumbria and Murphy and Learner (1982) studied the same
species in Wales. The population dynamics of H. stagnalis
were studied by Learner and Potter (1974) in wales. Outside
Britain the life cycle and production of E. octoculata was
studied in Denmark by Dall (1979), and Tillman and Barnes
(1973) studied the life cycle of H. stagnalis in Lake Utah
in U.S.A; Davies and Reynoldson (1976) compared the life
cycle of H. stagnalis in two different areas in Canada.

These studies are detailed in Chapter 4 (Population Dynamics).



The studies of food of non-parasitic species
have been confined to the numbers of individuals eaten and
prey preference. Thus Davies and Everett (1975) in Canada
examined the total range of prey taken by the leeches

Nephelopsis obscura, Erpobdella punctata, Helobdella

stagnalis and Glossiphonia complanata and they found that

H. stagnalis fed onEnchytraeidae,. Copep0cda, cladocera,

Lymnaea sp. and Gammarus lacustris. G. complanata fed

on Enchytridae, Lymnaea sp. and Helisoma sp. Young and

Ironmonger (1979a) studied the natural diet of E. octoculata

in some British lakes and they found that Chironomids and
Oligochaetes were the predominant diet of these leeches.
Furthemore, feeding activity was lowest in winter and
fairly low in late summer/early autumn. Young and

Ironmonger (1980) studied the food of E. octoculata,

H. stagnalis and G. complanata in the laboratory, and they

found that E. octoculata fed exclusively on Chironomids and

Oligochaetes; H. stagnalis fed on a wide variety of prey,
including 0ligochaetes, Chironomids, gastropods, Asellus sp.

and mayflies, and G. complanata fed on Gastropods, Oligo-

chaetes and Chironomids. "Serological investigations of the

diet of H. stagnalis and G. complanata in the British lakes
were repérted by Young (1980, 1981). He found that the
Oligochaetes and Chironomids were the most favoured prey for
H. stagnalis and Gastropods and Oligochaetes were the most

favoured prey for G. complanata. The effect of temperature

lO.



on predation was studied by Hilsenhoff (1963) in the U.S.A.
for the leech H. stagnalis, and he found that predation on

Tendipes plumosus increased with rising temperature. Green

(1974) in England found that E. octoculata would feed at

temperatures as low as 2°C. He further reported a constant
rate of predation between 7°~ and 12°C.

Estimation of respiration is confined to a
single comparison between five British species by Mann (1956).
Studies of the effects of pH, NaCl concentrations and oxygen

tension on respiration of Poecilobdella viridis were recorded

by Nagabhushanam & Kulkarni (1977) in India at a
temperature of 26°¢.

There are few reports of research on applied
aspects of leech ecology. In an attempt to control Hirudo
nipponia in the U.S.A. Keegan, Poore, Weaver and Suzuki
(1964) investigated the tolerance of this species to hydro-
carbon and organophosphorus insecticides. They found that
Chlordane was the most toxic of materials tested, while DDT
was the least toxic. Meyer (1969), also in the U.S.A.,
studied the effect of three insecticides, isopropoxyphenyl,

methylene borate, and dimethyl phosphate on Erpobdella

punctata, Illinobdella moorei, Piscicola salmositica,

Piscicola parasitica and Theromyzon sp. He found that

P. parasitica showed least resistance. Kleem (1976) studied

the possible importance of leeches as intermediate or final
hosts of parasitic protozoans, trematodes, cestodes,

nematodes and nematomorphs in the U.S.A.

11.



1.4 The study of energetic requirements

over the last forty years, the value of
investigating the energy budget of a population has become
generally accepted (cf. Slobodkin, 1962; Petrusewicz &
Macfadyen, 1970). The basic philosophy is that all parameters
and interactions can be defined in terms of energy transfer
and transformation. Biological parameters such as oxygen
consumption and biomass can thus be equated and compared
(Lindeman, 1942).

Engelmann (1966) recognised three lines of
approach to the investigation of energy requirements of
ecological systems, which can be loosely defined as the
study of the individual, the population and the trophic
level. The first of these is most appropriate to investigat-
ions of physiological responses to varying conditions while
the third is applicable to studies of energy flow in a
community or ecosystem. The second, that of the population
energy requirements, is most satisfactory for determining
the functional role of a population in a community as well
as providing a satisfactory basis for comparisons with
other populations of the same species at different points
in space or time, and with populations of other species at
the same point in the space-time continuum.

The comparison of different biological

parameters in energy terms is possible only if it is assumed

12.



that the laws of thermodynamics are applicable to ecological
systems. This has been discussed by a number of workers
(e.g. Slobodkin, 1960; Phillipson, 1966, 1975). It has
been shown that energy transformation conforms to the first
law of thermodynamics (Weigert, 1968). While all available
evidence indicates that the second law is also obeyed
(Phillipson, 1966).

The energetic relationship may be written

in biological terms as:

C=P+ R+ FU

]

where C food consumed

P = production

R = respiration which is used as a
measure of the energy used in
metabolic activity

FU = energy lost through egestion,
excretion, ecdysis, etc.

This equation comprises parameters which can all be
measured independently. Nonetheless if measurements are
made of any three parameters, the fourth can be derived by
difference. It follows that by determining all parameters,
an internal check on the accuracy of the experimental
determinations may be made.

Studies on ecological energetics have

focused on many different freshwater species including

13.



Asellus aquaticus L. (Fitzpatrick, 1968; Prus, 1972; Adcock,

1975), Gammarus pulex L. (Nilson, 1974), Acroneuria

californica Banks (Heiman & Knight, 1975), Tegula

funebralis (Paine, 1971) and Nepa rura (Waitzbaner, 1978).
The only study on leeches reported in the literature is of

Malmiana nuda, an ectoparasitic Piscicolid, by Mace and

Davis (1972) in Canada.

1.5 outline of present study

Investigations of Rutland Water in 1975 - 1977
(Xigg Bullock, Clark & Ison, 1982) showed that leeches were
generally abundant and were likely to be of considerable
importance in the energy balance of the benthic invertebrate
community. It was therefore decided to investigate the

three species Helobdella stagnalis, Glossiphonia complanata

and Erpobdella octoculata, which were in sufficient numbers

for valid population estimates to be made.
The aims of the study were:

1. To determine the abundance and population structure of
the three species.

2. To estimate food consumption, respiration, production and
egestioﬁ rates for selected individuals under laboratory
conditions.

3. To produce a tentative energy budget for each of the

three species.

14.



To achieve these aims, research was carried
out in three parts. First, the populations were monitored
in Rutland wWater over two years by means of a series of
grab samples at monthly intervals. These were supplemented
by hand collection of samples along the shore line of the
dam. Seasonal variation in abundance, population structure
and biomass were determined from these samples. Secondly,
individuals were maintained in the laboratory and gquantitative
estimates of food consumption, egestion and respiration rates
were made for a range of sizes of leeches at three temperatures.
Thirdly, the field and laboratory studies were
then integrated to obtain overall estimates of energy

consumption by each of the three species.

15.



2. MATERIALS AND METHODS

2.1 Description of study area

Rutland water lies in eastern England in the
county of Leicestershire (Oo 37'W, 52° 45'N) (Fig. 1) at a
distance of 30 Km from Leicester and 45 Km from Peterborough.
The water (Fig. 2) is a pumped storage reservoir designed
by the Anglian Water Authority to supply water to the
Greater Peterborough and Northampton areas. The dam lies
at the eastern end of the reservoir just west of the village
of Empingham. A large central basin lies behind the dam
and from this the reservoir extends westwards along the
valleys lying on either side of the Hambleton peninsula.

A limnological tower lies in the central basin and is used
to monitor physico-chemical parameters at all depths.

The reservoir is one of the largest man-made
water bodies in Europe, with a surface area of 1260 ha when
full. It has a capacity of 124 x 106 m3, is over 8 Km long
with a perimeter of 39 Km. The maximum depth is 34 m in
the central basin. The reservoir bottom consists of soft
mud except near the dam, where much of the floor is a more
solid clay. Along the shore near the dam, the floor is
totally covered with stones.

The water supply to the reservoir comes from

two sources. The greater part, some 60%, Was pumped from the

16.



Fig. 1 Map of Rutland Water Authority area in eastern

England, showing the location of Rutland Water.
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river Welland, which runs to the south of the reservoir and
then turns north east to enter the Wash (Fig. 1). A pumping
station also exists on the river Nene but less water has

been pumped from this source because the concentrations of
sulphates and nitrates exceeded the W.H.O. recommended limits
until late 1977. The remaining 40% of water was provided by
the natural catchments of two streams, the north and south
Gwash which run into the reservoir. At the start of filling
in February 1975, the water came from the natural catchment
only, but in the last three months of 1976 the water was
obtained from both sources with water pumped from the Welland,
making a major contribution (Low, 1982). The reservoir was
almost full by July 1977, when the first water was taken into
supply. Since 1977, the water level has been maintained
about 1 m below maximum capacity, except that evaporation in
the summer months has resulted in some small drop in level.

The only macrophytes are Potamogeton crispus

and Elodea canadensis, both of which occurred as isolated

individuals near the shore. Both species were present
in the Gwash before the reservoir filled. During the

summer of 1977, Enteromorpha intestinalis formed extensive

growths around the shore line and in June 1977 Hydrodictyon

Sp. was common in the littoral zone but did not occur in

floating mats. In autumn 1977 Cladophora sp. encrusted

with epiphytic disease was common floating in isolated

clumps (Ferguson, pers. comm.).

17.



2.2 Limnological characteristics (Data supplied by the

Anglian Water Authority)

2.2.1 Temperature

Water temperature was measured at least
fortnightly and usually weekly at the limnological tower
from the bottom (c 25 metres) to 1 metre below the water
surface throughout the period. In January 1978 the surface
was frozen for several days although not at the depth (1 m)
at which surface temperature is measured.

ﬁuring 1978 (Fig. 3) the water column was
thermally stratified, albeit rather weakly, for much of
the period June to August. For the rest of the year the
temperature difference throughout the water column was small
and in winter there was little or no difference between the
surface and the bottom. In the summer of 1979 the temperature
fluctuated and thermal stratification existed from June to
the beginning of August when the difference between the
surface and the bottom was again ¢ 5°C.

A steady increase in surface water temperature
occurred from approximately 2°c in January 1978 to a peak in
late August.of approximately 17°C, but in 1979 the lowest
temperature was 1°C in January, rising to a peak of 18°C in

early August (Fig. 3).

18.



Fig. 3 Mean water temperatures in Rutland Water from

January 1978 to October 1979. Measurements were

recorded at weekly intervals at the limnological
tower from 1 - 25 m.
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2.2.2 oxygen

The oxygen concentration was close to
saturation in the whole water column throughout the colder
months in both years (Fig. 4). The concentration in the
hypolimnion progressively declined throughout the summer as
the water temperature increased. The minimum observed
percentage saturation during the two years near the bottom

was 30% saturation at llOC.

2.2.3 Major ions

The concentration of some of the major
nutrients were determined by the Anglian Water Authority and
presented in Table 2. In comparison with other freshwater
bodies (Table 3) the reservoir may be considered an eutrophic

hard water body.

2.3 Sampling technique

There are many variables which affect the
collection of samples in freshwater, such as the nature of
the substrate, the depth of the water, the organisms which
are being studied, climatic conditions and the objectives
of the study. Hence the first problem is selection of

suitable techniques. No absolute quantitative method hag

19.



Fig. 4

Percentage oxygen saturation in Rutland Water.
Lines link points of identical saturation over the
period May - October 1978 and May - August 1979.
Measurements were recorded at weekly intervals at
the limnological tower from 1 - 25 m. (Data

supplied by Anglian Water Authority)
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been described in the literature as applicable to leech
populations, although many different methods and techniques
for collecting leeches have been described.

Searching time has been used frequently
and can be used to sample riffle areas and the shores of
lakes and rivers. It involves a thorough check for leeches
in their favoured habitat, and is made reasonably quantitat-
ive by searching for a fixed period of time. Authors vary
in their choice of time. Mann (1953) used periods of
45 - 60 min, wWilliams (1961) 30 - 45 min, Maitland (1970).
60 min. A possible defect of this technique is that at
low leech densities a greater area can be searched, thus
affecting strict comparability. An alternative is to make
a thorough search within a predetermined area. In this
study, search samples were taken within an area of 1 m2 to

assess densities of G. complanata and E. octoculata.

Other investigators have collected leeches by
vigorous sweeping of a pond net in the marginal area of
the water body (Scudder & Mann, 1968; Macphee, 1971;
Maitland & Kellock, 1972; Aston & Brown, 1975). This
method can be used on the banks of rivefs and lakes and,
although it samples a large volume, it is not suitable
for deep water. Further it is unlikely to give a satisfactory
estimate of a given area.

Lang (1974) is the only author to dive for

his samples during his work in Lake Geneva (Western Germany &
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Switzerland). He placed some tiles on the substratum at
seven stations around the lake. He then collected all
leeches and other macrobenthos from beneath each tile, once
a month.

Artificial substratescan be used, but while
this method is useful for collecting specimens (Arthur &
Horning, 1969; Mason, 1970), it does not give truly
quantitative data as the area sampled cannot be estimated
with any accuracy.

Adequate estimates of densities can only be
achieved in water of any depth by sampling with a grab,
taking a known area of substrate. Bennike (1943), Scudder

and Mann (1968), sapkarev (1968), and Milbrink and Wideholm
(1973) found that the Ekman grab was the most useful device

for average freshwater conditions. Flagman et al. (1970)
compared many different grabs and found that the Ekman grab
gave the highest number of benthic macroinvertebrates per
unit area.

There are nevertheless problems with such a
method. The grab swings from side to side as it is lowered
and is likely to strike the bottom obliquely, thus reducing
the degree of penetration and efficiency of sampling. Further
a small pebble or woody fragment is sufficient to prevent
complete closure of the jaws. To add to these difficulties,
when sampling relatively deep water in windy weather it is

not possible to use the ordinary Ekman grab because during
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the time it takes for the messenger to reach the release
catch, wave action may have raised the boat and hence lifted
the grab off the substrate or dragged the grab over on its
side.

In the present study it was decided to use a
modification of the Ekman grab (Rawson, 1947). This
apparatus closes automatically on reaching the substrate
without the use of a messenger. This saves much time in
deep water and ensures closure while the grab is still in
contact with the substrate. It also improves stability
so that the grab does not meet the bottom obliquely but,
of course, does nothing to cope with stones, etc., trapped

between the jaws.

2.4 sampling pattern and frequency

Samples were collected approximately monthly
from September 1977 to October 1979, using the Ekman grab
operated from a boat. On the first two occasions, samples
were taken with an unmodified Ekman grab, but thereafter
the Rawson modified grab was used.

Four study transects were selected on the
reservoir and these were designated as the Dam, the North
Arm, the South Arm and the Tower (Fig. 2). On the first
two sampling occasions, eight grabs per transect were

collected, but from November 1977 the number of samples was
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increased to 46 in all, with 10 samples taken on the Tower
transect and 12 on each of the other three. The minimum
depth from which samples were taken by the Ekman grab was
1 metre.

From August 1978 until October 1979, four
samples were taken monthly near the dam, each of 1 square
metre in area and up to 30 cm in depth, to collect

E. octoculata and G. complanata. These samples were taken

by carefully lifting every stone in the area and removing
each leech that was present. This sampling technique was
used because of the strong preference of the two species
for the underside of stones, which are infrequent on the
soft bottom of the reservoir and cannot be sampled with the
Ekman grab. Also only low numbers of both species were

recorded from the transect samples during the first year.

2.5 sorting

Samples were collected into labelled buckets,
brought back to the laboratory, and placed immediately in a
cool room (10O t 1°C). Each sample was washed in a sieve

(17 mesh cm~L

. aperture 355 um) with a jet of water to

remove clay and fine debris, and the residue hard-sorted.
The leeches were identified and recorded,

and separate records made of those which carried eggs or

juveniles attached to their ventral surface, or showed a
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clearly visible clitellum. Each leech was weighed alive,
after removing moisture with a filter paper for 30 sec, on
a direct reading electrical balance (Mettler H30) reading
to the nearest 0.1 mg. The sorting and weighing were
usually completed within three days of the samples being
collected.

The dry weight of each leech was determined
separately after drying the leech at 80°c and a vacuum of
400 mm Hg in a vacuum oven for 12 hr. Winberg and Duncan
(1971) recorded temperatures from 50o to 100°C for drying
biological samples. The dried leeches were reweighed using

an electro microbalance (EMB) reading to the nearest 0.0l mg.
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3. ABUNDANCE AND DISTRIBUTION

3.1 Introduction

Distribution and abundance are closely related.
A factor which affects the distribution of an organism may
also affect its abundance and thus these two characteristics
may be treated as different aspects of the same phenomenon
(Anderwartha & Birch, 1954). Recently interest in the study
of distribution and abundance of freshwater macrobenthos
has increased, mainly because it may be used to monitor the
impact of pollutants on aquatic communities (Moore, 1979) and

detect the source of pollution (Nalepa & Thomas, 1976;

Edmonds & Ward, 1978). Investigators have tried to relate
the presence or absence of specific indicator species to
varying degrees of water quality (Patrick, 1949; Olive, 1973;
Ruggiero & Merchant, 1979).

Most studies on distribution and abundance of
freshwater invertebrates have been undertaken at the level
of the community. Incanada, Moore (1980) studied the factors
which influence the densities of a community of benthic
invertebrates in a shallow eutrophic freshwater bay. He
concluded that the increasing availability of algae in the
littoral regions was strongly correlated with oligochaete

densities, but had no effect on the abundance of Chironomidae,
He reported also that differences in the timing of emergence

of different chironomid species were partly related to

water temperature and the organic content of the substrate.
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Edmonds and Ward (1979) studied the distri-
bution of profundal benthos in the Colorado Front Range
Reservoir (Horsetooth Reservoir) and found that there was
a strong positive relationships between total faunal density
values and organic content of the substrate. Furthermore,
they reported that chironomids decreased and oligochaetes
increased in abundance with increasing depth.

Ruggiero and Merchant (1979) found that the

distribution of benthic macroinvertebrates in the Patuxent

River (Maryland, U.S.A.) was more closely related to substr-
ate than to water chemistry. Streit and Schrbder (1978)
investigated the dominant groups of benthic invertebrates

in Lake Constance (West Germany and Switzerland). They
examined the reaction of invertebrates to the fluctuating
water level in the lake and found that some species (includ-

ing the leech species H. stagnalis, E. octoculata and gastro-

pods Radix ovata) increased in density with increasing water

level in spring, while others such as G. complanata,

Dreissena polymorpha and the Trichoptera showed no response

to water fluctuation. Maitland (1979) studied the distri-
bution of zoobenthos in Loch Leven in Scotland, and recog-
nised the existence of two communities correlated with differ-

ent substrate types, mud and sand. The mud associated

community included Hydra sp., and a number of chironomids,

mainly Chironomus spp., Polypedelum sp., and Procladius sp.,

while the sand associated community was characterised by the
presence of large numbers of Nematoda, Oligochaeta (Naididae

and Enchytraeidae) and various Diptera (Strictochironomus spp.,

Cryptochironomus spp., Tanytarsini and Cératopbgonidae).
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Relatively little is known about the factors
governing the distribution and abundance of leeches in any
particular body of water. Mann (1955) studied the distri-
bution and abundance of leeches in 58 water bodies, 29 in
Berkshire and 29 in the English Lake District. He recorded
total alkalinity, dissolved organic matter, pH of substrates
and water, and the surface area of each water body. He

found that E. octoculata was the most numerous leech in

soft water and H. stagnalis the most numerous in hard (calcium

rich) eutrophic water, while G. complanata was the most

abundant in moderately fast flowing rivers with a high
calcium content. Young and Ironmonger (1981) have provided
numerical data on the distribution and abundance of the
three species of leeches inhabiting the stony littoral of
100 British lakes of diverse trophic status during March/
April 1978. The numbers, biomass and mean weight were
analysed for correlation with a wide range of physical
factors (surface area, altitude and latitude) taken from
Ordinance Survey maps and chemical characteristics (pH,
sodium, potassium, calcium, magnesium, sulphate and chloride).
Significant positive correlations were found for all of the

chemical characteristics, with the exception of E. octoculata

numbers, and H. stagnalis mean weight. They reported
furthermore that the three species occur over a wide

spectrum of calcium content, although only E. octoculata

is found in lakes with a very low content.
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The reserwir is more or less uniform in terms
of physico-chemical characteristics of the water (Table 2)
and that we are dealing with a single system in which most
of the variables described by Mann (op. cit.) and Young and
Ironmonger (op. cit.) do not change in the reservoir, sc
it was decided to investigate the effect of the nature of
the substratum, the organic content of the four sites of
the reservoir, and the influence of the depth of water on
leech distribution, because no previous survey has

considered them concurrently.
3.2 Method

Abundance sampling

Samples of the substrate were collected with
the Ekman grab on four occasions along the four transects,
at approximately the same collection points as were the
benthic samples. Visual estimates of the composition of
the substrate were made for each sampling according to the
following categories: clay, mud, clay and mud, clay and
detritus, mud and detritus, mud and stones, detritus, and
algae.

The loss on ignition of each substrate sample
was determined on two occasions for the four transects, by
drying each sample in an oven for 2 days at 60°c. Each

sample was then weighed, placed in a muffle furnace and

o
heated at 5509 for twenty four hours, and reweighed. The
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difference between the dry weight before and after combustion
is the loss on ignjtion, which is the weight of organic

material in the sample.

To examine the effect of depth, samples were

recorded as shallow (< 2m depth) and deep (>2m depth).

2.3 Results

The numbers of individuals collected in each
sample on each occasion are shown in Appendix A. The total
of 1,072 samples were collected over the two years. From
these, 1,861 leeches were isolated and the relative abundances

of the thres species was 80% H. stagnalis, 18% E. octoculata

and 2% G. complanata. The mean and variance were calculated

for each transect, on each occasion, for each species, and

in many cases the variance was greater than the mean (except-
ions included those occasions when no leeches were recorded
in a transect). This suggested that the data required trans-
formation before statistical analysis could be applied. A
regression of log (variance +1) on log (mean +1) for the
three species gave regression coefficients of 2.130

(H. stagnalis), 1.804 (E. octoculata) and 1.933 (G. complanata)

(Figs. 5,6 & 7). Applying Taylor's (1961) power law, these

values indicate that a log transformation is applicable for
all three species.

The samples were analysed to determine

whether there was any significant variation in abundance
with sampling occasion and transects, using a 2-way analysis

of variance on log transformed data. Table 4 shows the

result of the analyses for the three species. There are
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Fig. 5 Relationship between variance (82) and the sample
mean (X) of H. stagnalis from Rutland Water.
Regression equation:

log (s2

+ 1) = 2.12975 log (X + 1) - 0.06936
n = 35

r = 0.972



(L+X)907
Tl Lt 0t 60 80 20 90 $-0 -0 €0 T0 -0

4 T 1 i 1 1 i 1 I 1

[ 4

(L+s) 907

$'O14




Fig. 6 Relationship between variance (32) and the sample

mean (%) of G. complanata from Rutland Water.

Regression egyuation:
log (s® + 1) = 1.93339 log (%X + 1) - 0.04035

n =17
r = 0.964
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Fig. 7 Relationship between variance (52) and the sample

mean (X) of E. octoculata from Rutland Water.

Regression equation:

log (s% + 1) = 1.80411 log (%X + 1) - 0.05832
n = 77
r = 0.826
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TABLE 5

W 0O 3 O 1 o W D -

N VN NN R e e
WD OV DONO NS WN H O

Ranked mean values (log (x +1) transformed data) for
all sampling occasions for H. stagnalis with those
means which are not significantly different linked
by a continuous line

QOccasion Mean SE of single
mean =
+ 0.0415
Feb 79 0.019
Feb 78 0.039
Mar 79 0.040
May 79 0.061
Apr 79 0.062
Dec 78 0.067
Nov 78 0.077
Jun 79 0.090
Apr 78 0.100
Jan 78 0.110
Oct 78 0.118
Mar 78 0.144
Sep 78 0.161
May 78 0.176
Jun 78 0.189
Nov 77 0.209
Aug 78 0.223
Jul 78 0.249
Sep 77 0.262
Jul 79 0.291
Oct 77 0.317
Aug 0.430
Oct 79 0.553

Sep 79 0.556 f



highly significant differences between transects (pP<0.001)
and between occasions (P< 0.001) for H. stagnalis and the

interaction between transects and occasions was just

significant (P = 0.05). The analysis for E. octoculata
shows a significant difference between transects (P<0.001)
but no significant effect from either occasions or the inter-

action (P> 0.05). G, complanata showed no significant

response to either variable.

Tests between the means of transects and of
occasions were carried out by means of a multiple range
test. Table 5 shows the mean number of H. stagnalis recorded
on each occasion in order of magnitude. Those means which
do not differ significantly (P = 0.05) are linked by a
continuous line. Thus abundance estimated for February

- 1979 through November 1977 are not significantly different
from each other, being linked by a continuous line.
September and October 1979 were significantly greater than
the rest of the months, except August 1979, The picture
from the analyses in general shows that summer and autumn
months do not differ significantly from each other, but
are significantly greater than winter and spring samples.
This difference reflects recruitment to the population and
the effect of temperature (cf. Chapter 4). There are
some anomalies in that some months do not appear in the
expected sequence. Thus September and October 1978 would
be expected to occur in the same pattern as August,
September and October 1979, but instead do not differ

significantly from winter and spring samples, suggesting

poor recruitment in that year.
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The analyses of variance showed a significant
difference between transects for both H. stagnalis and

E. octoculata. The multiple range test (Table 6) indicated

that H. stagnaliswas less common in the dam transect, than

in the other three transects. E. octoculata had the same

pattern of distribution with a lesser abundance near the
dam than elsewhere.

It is noteworthy that the dam transect
differs from the other three transects in that the substratum
is mainly clay, as opposed to mud and detritus in the other
three transects (Table 7). Further, the organic content
(loss on ignition) is markedly less in the dam samples than
the other three (Table 8). The reduced numbers of leeches
in the dam transects is possibly a direct consequence of
the substratum or is indirectly a response to reduced prey
density.

The analysis of variance was again used to
compare the occurrence of leeches in deep water (> 2m) and
in shallow water (£ 2m) (Table 9). The analyses for
H. stagnalis and E. octoculata showed the abundance was
Clearly related to water depth with both species more
abundant in shallow water, while no significant difference

was found for G. complanata.

As a consequence of the above result and the
previous results (Table 4), the H. stagnalis data were
analysed with respect to season, transects and depth. 1In
this case, seasons were taken as three month periods, e.g.

May, June & July = summer (cf. Table 11).
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TABLE 6

S. arm
N. arm

Tower

Mean number of leeches (log (x +1) transformed) in
the four sites of Rutland Water, lines to the left

represent the values not significantly different
from each other.

Number of

samples H. stagnalis E. octoculata
280 0.116 0.037
280 0.196 0.075
236 0.205 0.102

276 0.240 0.109
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TABLE 9 Mean numbers of leeches (log (x +1) transformed)
in shallow (£ 2m) and deep (> 2m) samples.

Species Shallow Deep VR
H. stagnalis 0.206 0.159 6.197%
E. octoculata 0.102 0.046 34.44 *%
G. complanata 0.009 0.007 0.2 NS
** - peo.0o1
X = p<0.05
NS = Not significant



The result of this more complex analysis
confirms the difference between both depth and transects
(Table 10). The result also revealed a highly significant
effect of season but no significant effect from either the
interaction of transects with depth and season with transects.
A multiple range test (Table 11) shows in general markedly
higher densities from May to October than from November to
April, although the differences are not clear-cut. Populat-
ions were significantly higher in the period August -
October 1979 than at any other time, while November 1978 -
January 1979 and February - April 1979 were significantly
less than all other periods, except February to April 1978.
The remaining data form a graded set with overlapping non-
significant ranges. Considering the interaction between
depth and season, all shallow water densities from May to
July and August to October are significantly greater than
the February to April shallow water values (Table 12), as
well as the November 1978 to January 1979 deep water

samples.

A similar analysis of the data for

E. octoculata showed significant effects of both transect
and depth as found earlier (cf. Table 4) and also of the
season with depth interaction (Table 13).

A multiple range test (Table 14) in general

shows that E. octoculataoccurrgl inshallow water most of

the season. Thus all deep samples except winter 1978 are

significantly less than summer 1978, late summer 1978 and

late summer 1979 shallow samples.
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TABLE 11 Ranked mean values (log (x +1) transformed data)
to test the effect of depth on season for

H. stagnalis

Season

Late Winter 1979 (Feb - Apr)
Winter 1979 (Nov - Jan)

Late Winter 1978 (Feb - Apr)
Summer 1979 (May - July)
Winter 1978 (Nov - Jan)

Late Summer 1978 (Aug - Oct)
Summer 1978 (May - Jul)

Late Summer 1979 (Aug - Oct)

Mean

0.0399
0.0717
0.0840
0.1540
0.1590
0.1670
0.1910
0.543

SE of single
mean =
+ 0.0237



TABLE 12 Ranked mean values (log (x +1) transformed data)
to test the effect of interaction of season x

depth for H. stagnalis

Season Mean

Late Winter 1979 D 0.033
Late Winter 1978 S 0.045
Late Winter 1979 S 0.0468
Winter 1979 D 0.0518
Late Summer 1978 D 0.0903 SE =% 0.0336
Winter 1979 S 0.0912
Summer 1979 D 0.1132
Late Winter 1978 D 0.1235
Winter 1978 D 0.1342
Summer 1978 D 0.1824
Winter 1978 s 0.1840
Summer 1979 S 0.1948
Summer 1978 S 0.213
Late Summer 1978 S 0.242
Late Summer 1979 D 0.5174
Late Summer 1979 s 0.5692

D = Deep

S = Shallow
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TABLE 14 Ranked mean values (log (x +1) transformed data)
to test the effect of interaction of season x
depth for E. octoculata

Season x depth

Late Summer 1978 D 0.018
Winter 1978 S 0.019
Summer 1979 D 0.033
Summer 1978 D 0.041
Late Winter 1979 D 0.051
Winter 1979 D 0.054
Late Summer 1979 D 0.057
Late Winter 1978 D 0.064 SE = 0.01865
Winter 1978 D 0.070
Late Winter 1978 8 0.081
Summer 1979 S 0.086
Late Winter 1979 s 0.086
Winter 1979 s 0.100
Summer 1978 S 0.145
Late Summer 1979 s 0.154
Late Summer 1978 s 0.159




In general H. stagnalis and E. octoculata

occurred at shallow water <2m throughout the study period
and were more abundant in summer, and late summer s&asons,
Nevertheless the transect locality influenced the abundance
and distribution of the leeches with the dam transect

tending to show decreased abundance.

3.4 Discussion

The aim of this sectionwas to investigate
the variation in distribution and abundance of the leech
species in Rutland Water and to provide a basis for furéher
field work. The only factors considered are the composition
and organic content (loss on ignition) of the substratum,
and the depth of water. There are other factors which
influence the distribution and abundance of leeches (cf.
Sawyer, 1974) such as water chemistry, temperature and
dissolved oxygen. These were not measured in relation to
specific sampling points but A Ferguson(personal communicat-
ion) has found no significant variation in water chemistry

throughout the water body.

The data for H. stagnalis and E. octoculata

show a clear preference for three of the four transects,
with numbers in the dam transect significantly lower. The
evidence on the abundance of prey organisms offers no
explanation for this difference, since potential prey are
equally abundant in all four transects. If then there are

no differences in the water body, it must be concluded that
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the leeches are showing a behavioural response to the type
of substratum and prefer a mud and detritus substratum as

opposed to the clay substratum with a low organic content

which characterises the dam transect.

This conclusion is at variance with the
generalisation of Elliott and Mann (1979) that leeches are
scarce on muddy substrata. Maitland (1979) concluded that
H. stagnalis was equally abundant on a sandy substratum
with low organic content and a muddy substratum with a high
organic content. Maitland's data were gathered over a 10
day period in October, a time at which juveniles are
dispersing and numbers are greatest, and it is consequently
difficult to attach great significance to his result. It
is perhaps more germane to consid&r the possible relation-
ship between substratum selection and prey availability.
Here again Maitland's results indicate abundant potential
prey on both substrata. Mackay (1976) and McLachlan (1969)
have both reported a significant correlation between the
abundance of chironomid larvae and both increasing organic
content and substratum composition. 1In the latter, they
reported that clay is discriminated against in favour of
middy or sandy/silty substrata. It is therefore possible
that the observed distribution in Rutland Water reflects an
adaptation for. leeches to locate substrate more likely to be
favoured by their prey.

Mann (1961) concluded that G. complanata

was veryabundant and distributed evenly when the calcium

content of the water is high, while Wilkialis (1970)
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related the abundance of this species to the number of

snails in any given piece of water. The two views are

in agreement in that the abundance of snails is positively
correlated with the calcium content of the water (e.g. Tucker,
1958). Hence there is an implicit relationship between the
abundance of this species and its food (snails) particularly

Lymnaea peregra L. (cf. Young & Ironmonger, 1979). Although

the reservoir is alkaline (pH 28) with a calcium content of
122 mg 171 (Table 3) only low densities of L. peregra were
recorded in Rutland Water, except for a brief upsurge in
July and August 1978 (Bullock et al., 1982). It is therefore

not surprising that G. complanata is recorded infrequently

in the grab samples.

G. complanata was found, however, in reasonable

abundance amongst large stones at the edge of the reservoir
(Chapter 4) and L. peregra was similarly present in this
littoral zone. Thus it may be suggested that the primary -
factor governing the distribution of G. complanata in Rutland
Water is the availability of suitable prey.

The leeches were generally abundant in June,
July, August, September and October. At this time there was
continuous breeding and leeches were more active. Both
these aspects Werealmost certainly mediated by increased
water temperature which, as shown in Chapters 5 and 6, also

caused increased metabolic activity.

In the present study, H. stagnalis and

E. octoculata occurred in the shallow water more than deep
water. This may reflect the availability and quality of

prey, which are more abundant in the shallow water (J.Bullock,
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personal communication), the higher temperatures in shallow

water and the better oxygenation through wave action.

The relative abundances of the leeches in

Rutland Water are 80% H. stagnalis, 18% E. octoculata and

2% G. complanata. These figures are similar to those

figures reported by Lang (1974) of 61 , 26 and 10% respect-
ively in Lake Geneva. Similarly, Streit and Schr8der (1978)
reported the same sequence of abundance in Lake Constance
without quoting figures.

The only other available evidence deals with
distribution rather than abundance. Thus, Mann (1961)

reported H. stagnalis occurring in the greatest number of
lakes in the Lake District and Southern England. Young and

Ironmonger (1981) found E. octoculata the most widespread in

Britain. Both papers are based on short surveys and the

latter was conducted in April when H. stagnalis are least
abundant.

To summarise the result, substratum composit-

ion, o:ganic content and depth of water affect the distribut-

ion and abundance for both H. stagnalis and E. octoculata.

The distribution of G. complanata appears to be more immed-

iately related to that of its gastropod prey.
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4. POPULATION ECOLOGY

4.1 Introduction

The study of a field population of any
animal requires adequate estimates of their density. These
are generally obtained by the collection of samples which
neither greatly deplete the population nor cause excessive
damage to the habitat.

The first study of the population ecology
of leeches in Britain was that of Mann (1953,1957a & b) who

dealt with three species, H. stagnalis, G. complanata and

E. octoculata, in Whiteknights Lake in Berkshire, England.

Elliott (1973a) has provided a comprehensive study of the

population ecology of E. octoculata in a small stony stream

in the English Lake District. Learner and Potter (1974)
studied the life cycle and production of H. stagnalis in a
shallow eutrophic reservoir in South Wales. Young and
Ironmonger (1982) conducted a comparative study of

E. octoculata, G. complanata and H. stagnalis in two lakes,

one of which is an upland oligotrophic lake in Wales and
the second of which is a lowland eutrophic mere in England.
Outside Britain, Tillman and Barnes (1973)
studied the life cycle of H. stagnalis in Lake Utah in
U.S.A., and pDavies and Reynoldson (1976) compared the life
cycle of H. stagnalis in two different areas in Canada.

Lang (1974) studied the life cycle of three species,
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H. stagnalis, G. complanata and E. octoculata in Lake
Geneva in switzerland. Dall (1979) in Denmark studied the

life cycle and production of E. octoculata and E. lestacea.

In the present study, the life cycle was
studied together with thechanges in both population density
and biomass. These were measured over the course of two
years and the data then used to calculate population energy

budgets for the three species of leeches.

4.2 Life cycle of H. stagnalis

The sampling method and collection of the
leeches have been discussed in section 2.3. All leeches
were weighed and the data presented as frequency diagrams
in 2 mg weight classes (Fig.8 ) on the 24 sampling occasions
from September 1977 to October 1979.

H. stagnalis lays its eggs in a thin
transparent cocoon which it fastens to the ventral surface
of its body (Mann, 1957b). None of the leeches carried
eggs or young when sampling began in September 1977. The
population was composed mostly of small individuals (modal
value 2 - 4 mg) which had progressed to a modal value of
4 - 6 mg by November 1977, but with some leeches reaching
14 - 16 mg. 1In January and February 1978, the population
declined on reaching the range (maxmimum 8 - 10 mg). 1In
March and April 1978 the leeches increased in weight with

some individuals attaining 16 mg, although many remained



Fig. 8 Weight frequency histograms for H. stagnalis from
Rutland Water at each sampling date. The number

of mature leeches is shown in solid lines.
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small. Egg cocoons were recorded first in May when about
20% of the overwintering population were carrying eggs. By
June 1978, 40% of the overwintering population carried eggs
and young. In July 1978 a new group of small leeches
appeared which comprised about 10% of the total population,
which was the offspring of the overwintering population.
15.5% of the overwintering population still carried young
and the number of ovigerous individuals was clearly
declining. The August 1978 polygons showed that there has
been considerable growth of the offspring but it does not
reach maturity. In September 1978 there was a high
percentage (23.6) of young (0 - 2 mg) of leeches and more
than 80% of leeches are £ 6 mg and were actually the
progeny of that year.

The pattern was repeated in the second
year (1978 - 1979) except that in June 1979, 81% of the
overwintefing population carried eggs and young, and the
first young released in July comprised 24% of the total
population and young-carrying adults were present in
August, the percentage of young liberated in September
1979 was 16.3%. The growth occurred from September -
December in both years with the mean temperature ranging
from 15.3 - 7.5°C and the production of eggs in both years
commenced when the temperature was 11°c. The breeding
season of H. stagnalis in Rutland Water commenced in May
and extended through to August, and this is similar to the
findings of Bennike (1943) and Wilkialis (1970), but in

conflict with Mann (1957b) who reported that the breeding
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season of H. stagnalis began when the overwintering adults
produced a brood in Spring and then died. Some of their
offspring grew rapidly and bred in the Summer, and the final
overwintering populations were composed of survivors of both
Spring and Summer generations. Learner and Potter (1974)
reported that their result from Eglwys Nunydd Reservoir in
Wales was similar to that described by Mann. In Canada,
pavies and Reynoldson (1976) found the life cycle at Marion
Lake and Newsome Pond was extended from mid-March to mid-
September with two broods being produced per year. In
Newsome Pond on the other hand, only a single generation was
completed in a year.

Lang (1974) reported a similar life cycle to
that of Mann (op. cit.) in a study of a population in Lake
Geneva, Switzerland. Tillman and Barnes (1973) reported, in
their study of H. stagnalis in Utah Lake, U.S.A., that a
short breeding season and the overwintering adults provided
both Spring and Summer generations and they showed that
gonad development of this leech had two distinct periods of
egg and sperm production. Young and Ironmonger (1982) showed
that a period of 69 - 72 days was necessary to complete a
generation from egg to egg in the laboratory at a constant
temperature of approximately 16°C. In Rutland Water,

H. stagnalis was found carrying young rather than eggs in
July for both years, and if the leeches carrying eggs were
present in July, it would be expected that some leeches

would be carrying young in September and October respectively.
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It is difficult to explain that young
leeches produced in July will grow rapidly and give a second
brood by late in September or beginning of October, as it
needs more than two months. Even though breeding commenced
at the beginning of May, we would expect to observe an
egg carrying adult late in July, but this has not been
shown for July in both years and Fig. 8 confirmed that
Rutland Water was devoid of any leeches carrying egygs or
young in September for both years.

The life history of H. stagnalis at Rutland
water is different to that described by Mann (1957b),
Learner and Potter (1974) and that of Young and Ironmonger
(1982) in the following respects:
1. Mann; Learner and Potter,and Young, and Ironmonger reported
that breeding seasons commenced in April, whereas at Rutland
Water breeding commences in late May with a water temperature
above 11°c.
2. Mature leeches, i.e. leeches carrying eggs or young,
reported by Mann; Learner and Potter, and Young and Ironmonger
were less than 4 mg live weight, while in the present study
no leech reached maturity at less than 4 mg.
3. Mann; Learner and Potter, Young and Ironmonger repor ted
that young appeared at the beginning of June, whereas at
Rutland Water young appeared in July, because reproduction
in Rutland wWater begins later.

Most workers included water temperature

data except Mann (op. cit.) and they related the breeding
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of H. stagnalis to temperature as the main factor (Tillman
& Barnes, 1973; Learner & Potter op. cit:; Sawyer 1972)
indicating that rising temperature induces breeding activity.
Bennike (1943) showed that the breeding season was short
when the water temperature is 12 - 13°c. Learner and
potter (op. cit.) found that breeding started in April when
the temperature was above lOOC, and Young and Irongmonger
(op. cit.) showed that the breeding season started in
April when the water temperature was above 11°C on the two
years.

In the present study the temperature reading
(Fig. 3 ) for the month of April in the two years never
exceeded 7°c, and in both years the temperature exceeded
10°c after mid-May. Hence egg deposition or breeding of
H. stagnalis found in Rutland Water commenced in May when
the temperature was over 11°C in both years, and the
temperature is considered to be a trigger for the commence-

ment of the breeding season.

4.2.1 Population density

The mean population density of H. stagnalis
was calculated from the total samples taken on each
occagion (32 samples in September and October 1977, and 46
in all other months). The graph for the population density
is presented in Fig. 9 as number per m2, and indicates low

population numbers throughout the Winter in both years and
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Fig. 9 The mean population density of H. stagnalis in

Rutland Water from September 1977 to October 1979.
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the densities declining particularly in February when the
lowest densities were recorded (4.8 m-z) in 1978, and
(2.9 m'z) in 1979. The population started to rise in
density from March in both years before any reproduction
occurs. This may have been due to leeches not being collected
in the grab samples, and observations show that many
leecheswere concealed under stones during the cold period
of the year. In June for the two years the population
begins to increase through recruitment of juveniles, and
the trend continues through the Summer of each year. The
highest population densities were recorded in September of
each year (178 m—2 and 199 m"2 respectively). These high
densities were due to recruitment of juveniles to the
population.

It appears that the population density of
H. stagnalis in Rutland Water is very low when compared to
the data reported in the literature. Hilsenhoff (1962)
recorded a total population density of 262 - 615 ind/mz/yr
in Lake Winnebego in the U.S.A. Learner and Potter (1974)
recorded a density of 343 - 1376 :'anil/m"2/yr"l in a shallow
eutrophic reservoir in South Wales. Young and Ironmonger
(1982) in the eutrophic lake Crosemere recorded a mean
number of 720 m~% in August and 80 n~? in April. Thut
(1969) working in Lake Washington recorded a density of
mean monthly estimates of 44 m=2 yr'l. Table 15 shows
the different densities obtained by some workers and in
comparison with them indicates that density in Rutland

Water was lower.
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Bennike (1943) concluded that in Lake Fures,
the highest population density was commonly encountered in
the surface zone (0 - 1.5m) from May to September, and
migration to greater depths did not occur during the rest
of the year; the littoral H. stagnalis being killed by
winter ice. While pDavies and Reynoldson (1976) showed in
their studies in both Newsome and Marion Lake in Canada
that H. stagnalis migrates to deep water in Winter and from
deep water to the shallow littoral zone in Spring. In our
present study, the density markedly increases in the
breeding season and decreases in Winter. Although we have
the same number of samples both in the deep and in the
relatively shallow water, andno sign of migration showed
in the Winter (cf. section 3), and we would expect a high
density at Winter time in the deep water, but the situation
showed no sign of high density, so the leech might be very
sensitive to temperature and when cold spells are expected,
the leech will conceal itself underneath the stones and

will stay there until the temperature becomes suitable.

4.2.2 Population Biomass of H. stagnalis

The monthly estimates of total population
biomass (mg DW m-z) were obtained by dry weighing all
leeches collected and converting this figure to mg m-2
(Fig. 10)., rThe data show a peak of biomass fram July to

September in each year, which is due to recruitment and a
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Fig. 10 Population biomass (mg DW m~2) of H. stagnalis
in Rutland Water from September 1977 to October
1979.
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high gfowth rate in this period. The biomass gradually
declined from November 1977 until February 1978, and from
October 1978 to April 1979, and this was due to mortality
as well as to failure to sample leeches concealed under
stones, and perhaps to the leeches not feeding at low
temperatures. Young and Ironomonger (1982) reported that
an increasing temperature accelerates the rate of growth

and metabolism.

4.3 Life cycle of E. octoculata

The results of the samples collected from
September 1977 to October 1979 by means of the Ekman grab
are presented in Fig.1ll. Due to the low numbers of this
species in the grab samples, an alternative sampling method
was used. Leeches were collected by hand from an area of
one square metre and a depth of 30 cm near the dam, from
August 1978 to October 1979 (Fig.12). Both Figures 11 & 12
show that the mature individuals, identified by the presence
of a clitellum, were present from May to October in each
year; their weights ranged from 55 to 150 mg. Cocoon
deposition was observed in July and empty cocoons were
first recorded in August, and by September and October most
of the juveniles had emerged. At this time, the population
densitywas at a maximum and three size classes can be
distinguished:
1. sSmall leeches (0.5 - 10mg) which have newly joined the

population and were the progeny of the current year.
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Fig.

11

Weight frequency histograms for E. octoculata

from Rutland Water at each sampling date taken
by Ekman grab. The number of mature leeches

with clitellum are shown in dotted lines.
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Fig. 12 Weight frequency histogram for E. octoculata from

Rutland Water at each sampling d&ate taken by hand.

Solid areas indicate leeches with clitellum.
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2. Medium sized individuals (15 - 55 mg) which have been
present throughout the preceding year but were not mature.
3. Large leeches,55 mg in size, which are mature and were

presumably two years old.

In November each year the picture showed
clearly that the large leeches, which had bred earlier, had
mostly disappeared and very few survived to breed in the
next year. The losses were high among the young leeches
between November and February, while the growth was high
from February until June. The medium weight had low
mortality from November until July, and the growth was high
from February until June, as indicated by the upward
extension of the polygons in Figures 11& 12, By May 1978
some of the medium sized leeches had reached maturity
(indicated by the development of a clitellum) while others
appear to mature later in the year. ‘

It is evident (Fig.l2) that young leeches

of E. octoculata reach maturity in their second year under

the conditions at Rutland Water. Mann (1953) in the Foundry

Brook, Berkshire (England) reported that E. octoculata

were breeding after one year as well as after two years,
and lived for two years. The very few which failed to
breed in their first year, lived for three years, breeding
in their second and third years. Lang (1974) working at
Lake Geneva, Switzerland, reported a similar life cycle to

that reported by Mann (op. cit.). Dall (1979) in his work
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in Lake Esrom, Denmark, found that 85 - 90% of E. ocCtoculata
reproduced after one year, and only a few individuals
survived and reproduced for the first time after two years.
Young and Ironmonger (1932) found a similar life cycle to
that reported by Dall (op. cit.), with 81% in Crosemere
and 75% in Llyn-y-Gadair reproducing and then dying after
one year.

In Wilfin Brook, Cumbria, a maximum life
cycle of about two years was recorded (Elliott, 1973 a and b)

and E. octoculata did not breed in the first year, but all

bred in their second year. Aston and Brown (1975) recorded
a similar life cycle at an unpolluted site in the river
Trent, but an annual cycle at another site on the Trent
which was organically polluted.

The life cycle in Rutland Water is thus
similar to that found by Elliott (op. cit.) and by Aston
and Brown (op. cit.) at an unpolluted site on the river
Trent.

The number of cocoons deposited and leeches
liberated has been investigated in the laboratory. Twenty
mature active leeches were kept individually in small jars,
3 cm in diameter, with resting stones and aerated lake
water, in a 15 (i 1)OC constant temperature room. Six
leeches out of twenty did not produce any cocoon and later
died. Table 16 showed the estimation of numbers of eggs
and young per cocoon, and cocoons per leech, was made, and

the number of young produced by the leeches in the present
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TABLE 16 E. octoculata mean numbers of cocoons/leech,
eggs/cocoon and number of leeches liberated

No. of No. of No. of
cocoons eggs/cocoon leeches
liberated
1 3 5 13
2 6 4 14
3 10 4.1 27
4 8 5.1 27
5 6 4.1 13
6 7 4.1 30
7 8 4.5 28
8 4 3.75 9
9 3 5.3 8
10 6 4.1 13
11 5 4.8 14
12 7 4.8 24
13 7 5.0 24
14 4 4.25 10
No. of cocoons/leech No. of eggs/cocoon No. of leeches
liberated
6 ¥ 0.54 4.5 X 0.14 18.14 ¥ 2.13

(3 - 10) (2 - 17) (8 = 27)
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study was compared with other authors (Tablel?).

4.3.1 Population density of E. octoculata

The density of E. octoculata was monitored

in Rutland water by two methods (section 2). The graph
for the population density is presented in Fig. 13 as
number per m2, and indicates a density which declined from
November 1977 until February 1978, due'to mortality and
the nature of the leeches to stay underneath the stones
during the cold period. The density started to increase
from February 1978 until April 1978, and this may be due
to the fact that the leeches came out from underneath the
stones. A second decline in density appeared from April
to August, and the picture was clear in 1979: this was
attributable to the mortality of the mature leeches which
died after breeding. The data from dam samples indicates
a higher population than from the grab samples. However the
picture showed clearly that the density was at a maximum
in October 1978 for the dam samples, and that was due to
the addition of new recruitment; and a decline in density
until March 1979; a slight increase in density from March
1979 until Jgune without adding any young: this increase
was due to the movement of the leeches from underneath the
stones. The density further decreased due to mortality
of the mature leeches, and in September 1979 the density

began to increase through recruitment of juveniles, but
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Fig. 13 The mean population density of E. octoculata in

Rutland Water from September 1977 to October 1979
A samples taken by Ekman grab

® samples taken by hand
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the density of E. octoculata near the dam in September 1979,

did not attain the level of September 1978, but was less.
There is a fluctuation in population density
in some months, such as May 1978 and December 1978, and this
must be due to the leeches not being available for collection
in the grab. Despite the small numbers of leeches collected
in the present study, and the fluctuation in density, the
picture showed a high density after recruitment, and low
density during Winter and the breeding season. The lowest
population density recorded was 3.8 m-2 in January 1978,
and the highest density was 26 m™2. Near the dam, the

2

lowest density was 12.5 m - and the highest density was

36 m~2.

These appear to be very low densities when
compared with some authors. Elliott (1973a) recorded a
maximum density of 4000 m~% in October and a low density
of 700 m~2 in gune. Dall (1979) recorded 1550 m~2 density
in August and a density of 75 m~? in February. Aston (1975)
showed a different population density: a high density in
the polluted part of the river Trent for three stations

2 2

gave 136.1 m™%, 380.5 m % and 245.6 m~%, while near the

unpolluted area, two stations gave low densities of 22.5 m_2

and 41.0 m~2 respectively.
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4.3.2 Population biomass

The monthly estimates of total population
biomass (mg DW m-z) were obtained by dry weighing all
leeches collected and converting this figure to mg m"2
(Fig. 14). The data show the total biomass for

E. octoculata taken by the two methods of sampling and the

monthly variations in the biomass show a different pattern
to that of the population density. The period from
November 1977 to February 1978 showed a decline in the
total biomass, similar to the decline in population density
which is due to three factors: (1) the mortality of large
leeches after they have laid their cocoons, as shown in
Fig.12 ; (2) a high mortality of leeches in all weight
classes at this period, as shown in the population density
section, and (3) the movement of the leeches to the under-
side of stones for a period of time during the Winter.
Population biomass increased from April 1978 to July 1978
as a result of rapid growth in all size classes. The
biomass reached 250 mg_2 in June 1978, following a decline
in May caused by smaller numbers in the samples of that
month, possibly as a result of aggregation. The biomass
declined from July until March 1979, despite the addition
of numerous juveniles in September and October. The second
year followed much the same pattern, with the peak again
being reached in June 1979. Unlike the previous year, the

biomass remained high throughout August and September,
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Fig. 14 Population biomass (mg DW m~2) of E. octoculata

in Rutland Water from September 1977 to October
1979.
A samples taken by Ekman grab

® samples taken by hand
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although July is greatly reduced due to a very low
population density.

The data from the dam samples shows a
similar pattern: the population biomass declined fram
August 1978 until March 1979, and then increased gradually

from April to July 1979 as a result of rapid growth of

individual leeches and little variation in population
density. The general trend, as revealed by both sampling
methods, was for a minimum biomass in February and a maximum
in gJguly.

Elliott (op. c¢it.) recorded the maximum
biomass in June or July, and the minimum in February or
March, whilst Dall (op. cit.) recorded two separate minima

of biomass, one in Winter (January, February) and the

other in August, with a maxima in June and October. The
latter results differ from Elliott's findings and the i
present study, because the cocoons hatched in July and |
these juveniles had a very fast growth rate from July to

October, thus giving a high biomass.

4.4 Life cycle of G. complanata

The number of individuals of G. complanata,

obtained by taking monthly samples of 1 m2 of stony
substrate near the dam, were used to study the population
structure and the data are presented as frequency diagrams
in 5 mg live weight classes from August 1978 to August

1979 (rFig.15 ).
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Fig. 15 Weight frequency histograms for G. complanata from

Rutland Water at each sampling date taken by hand

from an area of 1 m-2

Solid area indicates leeches carrying eggs or young.
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Like H. stagnalis, G. complanata lays its eggs

in a thin transparent cocoon which it attaches to its
underside. On hatching, the juveniles remain attached to
the parent for about a month. The parent feeds 1little,
if at all, during this period and dies soon after the
juveniles leave.

None of the leeches carried eggs or young
when sampling began in August 1978, the population consisted
mainly of small individuals (generally <15 mg), with some
large leeches which presumably did not breed in 1978. The
juveniles grew rapidly from August 1978 until November 1978,
attaining a modal size class of 15 - 20 mg. At the same
time, there was a high overall mortality with numbers

2 to 39 m~2 between September and November.

falling from 78 m~
The number of leeches remained low in Winter from December
1978 to February 1979, and this is a similar pattern of

events to the findings for H. stagnalis and E. octoculata.

The breeding season began in mid-April 1979, when the
water temperature was 6°C. In May, more leeches were
carrying egg cocoons and some were carrying young (water
temperature IOOC). In June no egg-carrying leeches were
found, and most leeches over 20 mg weight were carrying
young. By this time some young had been released and
appear in the population as individuals <15 mg in weight
(water temperature >12°C). 1In July, no leeches were
carrying eggs or young, and many juveniles had entered the

population. Some large leeches (>35 mg) remained in the
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population. It is improbable that these belong to the

1979 generation, and since all leeches die after reproducing
(cf. Mann, 1957a), it seems possible that some of the
leeches persist for a further Winter before reproducing.

The outline of the life cycle of G. complanata

is similar to that described by Young and Ironmonger (op. cit.)
when they reported an annual breeding cycle with about 72%
of leeches dying after one year in the productive lake,

and 88% of the leeches dying in the unproductive lake, and
some of both populations surviving into the next year and
then breeding. Mann (op. cit.) recorded a population which
produced eggs in two broods,with two year old leeches
reproducing in March, and one year olds reproducing in
April and May. At the end of the first year, 100% of the
first brood were breeding, but only 40% of the second
brood. At two years old, almost all leeches had bred

and then died shortly after reproducing, and 5 - 6% of the
population survived to breed again at three years of age.
Lang (1974) reported three generations present in Lake
Geneva, similar to the findings of Mann (op. cit.), with
two broods per year, with a breeding season from March to
June, and all mature leeches breeding at the same time.

In the present study, the breeding season is shorter, with
the older leeches (more than one year old) breeding
earlier, and there was no evidence for the production of

two distinct broods.
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4.4.1 Population density of G. complanata

The population density of G. complanata was

estimated from August 1978 to August 1979. The graph is
presented in Fig. 16 as number per m2, and indicates a
marked decrease from September 1978 to February 1979, when
the lowest density was recorded. As in the cases of

H. stagnalis and E. octoculatsa numbers tended to be minimal

in the Winter as well, and this may have been due to
mortality first, and due to the movement of young off
stones. An increase was recorded in March 1979 which was
possibly due to the movement of leeches to the stones
(Yyoung & Ironmonger, 1982), and the decrease continued
until June when the first juveniles of the 1979 generation
appeared.

Young and Ironmonger (op. cit.) reported
some evidence for an increase in population numbers in the
Autumn without the addition of any young, and this was

attributed to the movement of leeches onto stones.

4.4.2 Population biomass of G. complanata

p

The mean population biomass was calculated
from all individuals and is presented in Fig. 17. The
pattern is the same as that for population density, with
low population biomass in Winter with little or no growth

occurring. The population fell steadily until March 1979
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Fig. 16 The mean population density of G. complanata in

Rutland Water from August 1978 to August 1979.
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Fig. 17 Population biomass (mg DW m-z) of G. complanata

in Rutland Water from August 1978 to August 1979.
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when the population biomass increased due to a relatively
high density of leeches. The biomass decreased again in
April, probably as a result of the mortality of large
leeches following breeding. In May and June, the biomass
increased as a result of growth and, to a limited extent,
the addition of juveniles to the population. In July and
August, the biomass declined because of the loss of first
reproductive large leeches.

The highest population bicmass was recorded
in September 1978, and was 91 mg dry We:i.ght-2 and the lowest
was 20 mg dry weight m~% recorded in February 1979. There
is no data on biomass available in the literature to

compare with these results.

4.5 Summary

Population structure, density and biomass

for three species: H. stagnalis, E. gctoculata and

G. complanata, were investigated in Rutland Water. Because

of the strong preference of the animals to live under
stones, collections were made by hand near the dam for the

two species, E. octoculata and G. complanata.

The life cycle of H. stagnalis was predominant-
ly annual with the overwintering population breeding in May,
June and July, when the temperature was above 11°C. The
population density varied between 200 - 5 individuals m~2

with the biomass 215 - 5 mg dry weight m‘z; high density
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and biomass was due to the addition of new recruitment to
the population and the lowest density and biomass was
recorded in Winter.

G. complanata had a similar life cycle to

that of H. stagnalis. It lived for one year and the
majority then bred. A small percentage which failed to
mature may have survived to the next year. The density
varied between 19 and 4 individuals m 2 with a biomass of
90 - 20 mg dry weight m2.

E. octoculata did not breed in their first

year but all reproduced in their second year before dying.
Cocoon deposition began in June and terminated in August.
The highest population density was recorded in September as
31.5 individuals m > and the lowest in January with 3.8
individuals m—z. The population biomass was highest in
June 1978, being 250 dry weight m"2 and was very low in
Winter (February) being 30 mg dry weight m~2. It is
suggested that water temperature in terms of growing

season is at least one of the most important determinants

for the beginning of the breeding season.
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5. RESPIRATORY STUDIES

5.1 Introduction

The utilisétion of energy in metabolic
activity is an essential component of the energy budget of
any organism. The metabolism of stored energy can be
measured in terms of temperature changes or of the chemical
reactions which involve gaseous uptake and release. These
gaseous exchanges are quantitatively related to the energy
liberation from each particular chemical substance. When
the substance is known the measurement of one of the three
variables defines the remaining two (Petrusewicz & Macfadyen,
1970).

In most, if not all, studies of whole
organism metabolism under aerobic conditions, it is preferable
to measure oxygen consumption rather than either carbon
dioxide evolution or temperature change. The heat produced
is very difficult to measure in small animals, and no
convenient method for this determination is available
(southwood, 1978). Oxygen uptake varies less with different
energy sources than carbon dioxide output (Petrusewicz et al.,
op. cit.) and is thus more reliable when the nature of the
metabolised compounds is unknown.

In order to estimate the respiratory activity
of a field population, it is necessary to determine the

respiration rates of all the life stages or size classes in
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the population, and their relation to temperature. These
values can be applied to the field data comprising populat-
ion density and size class structure. This involves either
a large number of determinations of respiratory activity or
the acceptance of an overall population estimate in which

a number of assumptions are made concerning the relation-
ship between respiration rate and weight, and respiration
rate and temperature (Phillipson, 1963). Whilst it may be
preferable to explore the latter approach, there are few
data at the present time on which to base an objective
estimate of their reliability, and it is necessary to obtain
more detailed estimations in order to make this assessment

(Phillipson, op. cit.).

5.2 Previous studies on leeches

While much has been published on the respirat-
ion of several aquatic invertebrates, very little data are
available on the respiratory rates of leeches. Lindeman
(1932) studied the relationship of oxygen uptake in Hirudo

medicinalis to the oxygen tension of the water and found that

the oxygen consumption of this leech was independent of the
oxygen tension between 20 and 100% saturation of oxygen at
"room temperature". Mann (1956) measured the oxygen consumpt-

ion of five species of fresh water leeches, Helobdella

stagnalis; Glossiphonia complanata; Piscicola geometra;

Erpobdella octoculata and E. testacea and found that oxygen
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consumption by the last three species is related to oxygen
tension of the water, while a degree of independence is shown

by H. stagnalis and G. complanata. His experiment was

conducted only at the rather high temperature of 20°c.
Nagabhushaman and Kulkarni (1977) investigat-
ed the effects of pH, NaCl concentration and oxygen tension

on the respiration of Poecilobdella viridis at 26°C. They

found that the respiration rate increased significantly with
progressive elevation of oxygen tension of the medium. They
also found no significant change in the respiratory rate at
a pH between 5.5 to 7.0, but respiration rate was decreased
in pH of 4.6 and 8.2 - 9.1, while increasing salinity caused
the rate to rise. Ramamurthi (1968) reported that the
related leech P. granulosa had a minimal oxygen consumption
in 25% sea water, with a maximum oxygen consumption in 50%

sea water,
5.3 Techniques for measuring oxygen consumption

Most measurements of oxygen uptake have been
made with manometric apparatus in which the carbon dioxide
released by the animal is absorbed by an alkali such as
potassium hydroxide, so that when oxygen is taken in, the
total mass of gas in the closed respiration chamber is
reduced. The rate of oxygen uptake is then measured as the
reduction in the volume or the pressure of gas in the
chamber, or from a combination of both measurements

(Petrusewicz et al., op. cit.).

—
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Umbreit et al. (1972) reviewed many respiro-
meters used in estimating oxygen uptake which depend on
manometric systems. The Warburg respirometer has been
commonly used and this operates using the constant volume
principle. The reference arm of the manometer was open to
the atmosphere and hence subject to variation in atmospheric
pressure. This system has been superseded by the different-
ial type of respiometer originally designed by Barcroft
(1908). 1In this system a chamber of similar volume to the
respiration chamber was placed on the reference arm of the
manometer. This system is thus isolated from changes in
atmospheric pressure, and consequently the respirometer was
more accurate for low respiration rates.

Gilson (1963) designed a respirometer in
which the volume of oxygen used by the animal is determined
by adjustment of a micrometer syringe. The syringe was
calipbrated in pl and gave a direct volume reading. Lawton
and Richards (1970) showed that the Gilson apparatus gives
comparable results to the cartesian diver, Warburg and
Winkler methods of measuring respiratory rates of aquatic
invertebrates. Many authors, for example, Heiman and Knight
(1975) ; Adcock (1975), Dussart and Kay (1980) have shown that
the Gilson respirometer is suitable for ecological work in
measuring the oxygen uptake in aquatic benthos. It was there-
fore decided to use the Gilson respirometer to measure the

consumption of oxygen by leeches.
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5.4 Materials and methods
5.4.1 The Gilson respirometer

The apparatus comprises 20 reaction or
respirometer flasks, each linked to a separate manometer
which in turn links with a single reference or compensation
flask. Fig.18 shows the basic arrangement for a single
reaction flask. The reaction flask (14) is connected to a
manometer (5) which in turn connects to the reference flask
(1). The system is thus isolated from atmospheric changes
and is further stabilised both by being maintained at a
constant temperature and by all flasks being immersed in a
water bath. Any change in the system should be the result
of respiration in the reaction flask which will reduce the
pressure in the reaction flask side of the manometer. The
restoration of the manometer fluid to the original mark is
achieved by means of a micrometer screw plunger (6) which is
graduated in pl and hence the value of oxygen utilised is

measured directly.

5.4.2 Procedure

Animals from Rutland Water were kept in glass
aquaria in well aerated reservoir water, and were maintained
at the temperature at which respirometry was to be carried

out, i.e. 5° o
l.e. 57, 10° and 15°c for 7 - 14 days. The leeches
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FIG.18

Diagram of Gilson differential respirometer to show the arrange-

ment of valves

1. Reference flask

2. Disconnect valve

3. Operational valve

4. Index

5. Glass manometer

6. Micrometer

7. Capillary tygon tubing

8. Ground glass joint

9. Filter paper in centre well
10. Water with animal
11. 'Seelskrew’
12. Gassing manifold inlet
13. Water level

14. Reaction flask

i
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were separated into groups of individuals, to avoid

cannibalism. Small individuals of H. stagnalis have a

relatively low respiration rate and in order to obtain

reliable estimates, groups of up to four individuals were

respired in a single flask; while individual specimens of

E. octoculata and G. complanata were used.

5.4.3 Operational procedure for the Gilson respirometer

The water bath was brought to operating temperature
and the reference flask of 270 cm3 was partly filled
with 140 qn3deionisedwater to leave an air space of
130 cm3 which is equal in volume to the sum of the air
spaces of 20 reaction flasks (each 7.5 cm3 flask
contained 1 Cm3 of water).

A small piece of filter paper (Whatman No. 1) and two
drops of KoH solution (5 gm KoH to 100 gm water) was
placed in the central well of each reaction flask.

One cm3 of filtered fully oxygenated reservoir water
was added to each reaction flask.

Leeches were placed in each reaction flask except those
used as controls (see (6) below).

The joints were treated with a high vacuum grease and
the flasks immediately placed on the Gilson apparatus

and held in place with two springs.
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6. Six control flasks were used in each experiment. They
were positioned at the four corners of the water bath
with a further two in the centre (i.e. flasks 1, 3, 10,
11, 19, 20). Each control flask was set up in the same
way as above, except no animal was inserted.

7. All flasks were immersed in the water bath. The micro-
meters attached to the volume control plungers were
set at the 100 ul mark to allow for possible negative
readings. The index was set at the meniscus in each
manometer and the system was allowed to equilibrate for
45 min before it was closed to the atmosphere.

8. Readings were taken at 30 min intervals. On each occasion,
the meniscus of each of the twenty manometers was
returned to the starting point (indicated by the index)
by adjusting the volume to equilibrate pressures with
the graduated plunger. The volume change was then
read from the micrometer on the plunger.

9. At the termination of each run, the system was opened
to the atmosphere and each animal was removed from the
reaction flask, killed in ethanol, placed in a foil
pan and dried for 12 hr at 80°C in a vacuum oven at
400 mm Hg pressure. The dry weight was measured to the

nearest 0.0l mg on an electromicrobalance.

The respirometer was operated in a constant

temperature room to eliminate the effect of temperature
oscillations on the manometric system (Carver & Gloyne, 1971).
Adcock (1975) noticed that vessels adjacent to the stirrer

motor and refrigeration unit at the rear of the apparatus
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were subjected to localized heating, and this effect was
reduced by fitting an aluminium baffle between the apparatus

and the units.
5.5 Oxygen uptake

Throughout the respiration estimation, the
leeches in the Gilson were virtually inactive (this was
observed by raising the flasks above the surface of the water
bath briefly). The rate of oxygen uptake thus reflects the
resting rate of oxygen utilisation of the three species.

Dry weight measurements have been used throughout the experi-
ments as water content might affect the exact weight of
individuals. However, Figs. 19,20 & 21 showed the relation-
ship of live to dry weight is effectively linear over the
whole weight range for the three species, and hence the use

of dry weights probably increases precision only marginally.
5.5.1 Calculation of oxygen uptake

The mean change in oxygen content in the
nearest three control flasks was used to correct the readings
for the reaction flasks. Thus controls 1, 3 and 10 were used
to correct readings of reaction flasks 2 and 4 - 9 inclusive,
while the mean change for flasks 11, 19 and 20 was used to
correct readings for the flasksrlz - 18 inclusive. The
corrected volumes were then plotted against time and appeared

to be linearly related. Consequently a number of data sets
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Fig. 19 Relationship between dry weight and live weight of
H. stagnalis from Rutland Water.
Regression equation:

y - 0.00124 + X

4.17712
r = 0.99095
n =173

where y = dry weight (mg)

X

live weight (mg)
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Relationship between dry weight and live weight of

G. complanata from Rutland Water.

Regression equation:

y = X _+ 2.39971
5.79776

r = 0.9875

n = 47

where y = dry weight (mg)

X

live weight (mg)
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Fig. 21 Relationship between dry weight and live weight

of E. octoculata from Rutland Water.

Regression equation:

X + 1.03445

Y = —5.58665
r = 0.9922
n = 82

where y = dry weight (mg)

X

live weight (mqg)
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were subjected to linear regression and a high degree of
correlation obtained in all cases (r 2 0.95; rz >0.90).

It was therefore concluded that a linear regression analysis
would provide an adequate description of all data. The

1 h-l) is then directly available

respiration rate (nl 0, ind”
as the regression coefficient. All calculations were

performed using a Wang 729 programmable calculator.

5.6 Results

1 h-l) was

The respiration rate (ul 0, ind~
regressed on the dry weight of the individual, using a log/
log transformation. Strong positive correlations were found
in all cases (r>0.925, P<0.001) (Tablel8 , Figs.22 - 30),

Similar calculations of the relationship
between metabolic rate (nl 0, mg_l h'l) and dry weight (log/
log transformed) show a negative correlation at each
temperature (Table 19 , Figs. 31 - 33) but the percentage
variation accounted for by the independent variable (dry
weight) is much less (r2 = 0.26 - 0.66) than in the regression
of respiration rate (r2>-0.82). This weaker correlation is
frequently encountered in the literature (Mcfarlane &

McLusky, 1972, r2 = 0.31 - 0.75, on chironomid larvae;

Adcock, 1975, r2 = 0.173 - 0.96, on Asellus aguaticus).

Figs. 34 - 36 summarise the values displayed
in Figs.22 - 30 of log respiration rate on log dry weight
(and show that, respiration rate increased logarithmically
with‘dry weight, so that the larger animals have the greater
oxygen consumption). Metabolic rate conversely declined with
increasing size irrespective of temperature (Figs. 31 - 33).
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Figs. 22 Oxygen consumption (pl o, ina~1 h_l) against dry
& 23

weight (mg) for E. octoculata from Rutland Water

at 5° and 10°c. Linear regressions are given in

Table 18.
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Fig.

Fig.

24

25

-1

Oxygen consumption (pl 0, ind n~1) against dry

weight (mg) for E. octoculata from Rutland Water

at 15°c. Linear regressions are given in Table 18.

1 p-l against dry

oxygen consumption (pl o, ind™
weight (mg) for H. stagnalis from Rutland Water

at 5°c. Linear regressions are given in Table 18.



og B B

Og &:@ﬂl

0.6

0.4

0-5

0-4

03

0-2

0-1

0-1

FIG .24

0-4 0-6

Log (d .wt.*1)

FIG .25

0-2 0-3

LOg (d.wt* 1)

15C

5C

05

12

14



Figs. 26 Oxygen consumption (pl O, ina™! n1) against dry
& 27 '

weight (mg) for H. stagnalis from Rutland Water at

10°c and 15°c. Linear regressions are given in

Table 18.
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Figs. 28 Oxygen consumption (mpl O, ina”! nl against dry

& 29
weight (mg) for G. complanata from Rutland Water

at 5°c and 10°Cc. Linear regressions are given in

Table 18.
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-1 -l against dry

Fig. 30 Oxygen consumption (pl 0, ind
weight (mg) for G. complanata from Rutland Water

at 15°c. Linear regressions are given in Table 18.
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Fig. 31 Weight specific oxygen consumption (pl 0, mg
h-l) as a function of dry weight (mg) for

E. octoculata from Rutland Water at three temperat-

ures. Linear regressions for each temperature are

given in Table 19.
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Fig. 32 Weight specific oxygen consumption (ul O2 mg"l

h-l) as a function of dry weight (mg) for
H. stagnalis from Rutland Water at three temperat-
ures. Linear regressions for each temperature are

given in Table 19.
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Fig. 33 Weight specific oxygen consumption (Pl O2 mg_l
h-l) as a function of dry weight (mg) for

G. complanata from Rutland Water at three temperat-

ures. Linear regressions for each temperature are

given in Table 19.
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Fig. 34

Summary of oxygen consumption (nl O, ina™! 1) as

a function of dry weight (mg) for E. octoculata

from Rutland Water at three temperature investigat-
ed. The linear regressions are given in Table 18,

and a summary of the tests for significance are

given in Table 22.
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Fig. 35

Fig.

36

-1 .-1
Summary of oxygen consumption (pl 02 ind h™ ")

as a function of dry weight (mg) for H. stagnalis
from Rutland Water at three temperatures investigat-
ed. The linear regressions are given in Table 18
and a'summary of the tests for significance are
given in Table 20.

-1yl

as a function of dry weight (mg) for G. complanata

Summary of oxygen consumption (ul O2 ind

from Rutland Water at three temperatures investigat-
ed. The linear regressions are given in Table 18

and a summary of the tests for significance are

given in Table 21.
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In the present study the regression lines of
the respiration-weight data for the three temperatures for
each of three species were examined by using a covariance
analysis (Ostle, 1963) to show if a single line would
adequately describe the relationship for each species over
all three temperatures (Tables 20 - 22 ). The following
results were obtained:

(I) In all species the three regression lines are not
homogeneous (P< 0.001).

(II) The regression coefficients differed significantly
(P<0.05). Thus no overall equation could be derived.

Hence, for each species the regression
equations of the relationship between size and metabolism

vary with temperature.

5.6.1 QlO and weight

To examine the response to temperature or
the relationship between the respiration rate and temperature,
Vant Hoff's equation was used to calculate the temperature

coefficient (Qlo)’ the equation is written as:

_ 10
log Qi = (log vy, - log v2) T
1 -2
where vy and v, are the respiration rate at temperature t1
and t2.

The temperature changes were 5° _ 100, 10° -

o
157, and 50 to 15°C, and each weight class used in the

66.
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population was expressed as the median dry weight of all
specimens in the class and then interpolating this value in
the equations relating dry and live weight for the three
species (Figs. 19, 20 & 21). The mean respiration rate for
each of the weight classes was then calculated from the
respiration rate-dry weight regression equations (Tablasl88c19)
at each of the experimental temperatures. A selection of
these values is presented were treated similarly (Tables 23,24 &
25, Figs. 37~ 42).

The temperature coefficient Qlo was
calculated for each species for all size classes and is
shown in Tables 26,27 & 28 and indicates that the temperature

response for H. stagnalis and G. complanata was almost

constant over the range 5° - 15°% being 1.83 - 1.76 and 1.29

- 1.33 respectively. 1In H. stagnalis an interesting trend -
in the temperature response appears in Q9 values for the
lower component of the temperature range 5° to 10°C in
comparison to the higher component 10° to 15°c. The QlO

values increase with increasing weight while in the higher

range the converse occurs. G. complanata shows similar

trends, with Q;, 5% to 10°C rising from 0.85 - 1.25 with

(o]

increasing weight and Q19 10° - 15°% decreasing from 1.95 -

1.42.
The same results were obtained for the
temperature response for the metabolic rate as shown in

Tables 26,27 & 28) . The result for E. octoculata show greater

values of Q9 in the large animals and smaller values for

the small leeches over all temperature ranges, although this

. 67.
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Fig.

37

Effect of temperature on mean oxygen consumption

(n1 o, ind"l h'l) of fifteen size classes of

E. octoculata from Rutland Water. Mean oxygen

consumption calculated from the regression equations

in Table 18. Weight classes (mg live weight) are

shown in Table 23.
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Fig.

38

Effect of temperature on mean oxygen consumption

1 h'l) of nine size classes of

(pl 0, ind
H. stagnalis from Rutland Water. Mean oxygen
¢onsumption calculated from the regression equation
in Table 18. Weight classes (mg live weight) are

shown in Table 24.
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Fig. 39 Effect of temperature on mean oxygen consumption

1

(nl o0, ind~ h-l) of fourteen size classes of
pt 9;

G. complanata from Rutland Water. Mean oxygen

consumption calculated from the regression equation
in Table 18. Weight classes (mg live weight) are

shown in Table 25.
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Fig. 40

Effect of temperature on the metabolic rate

1

(p1 o, mg~ h'l) of five weight classes of

E. octoculata from Rutland Water. Mean specific

oxygen consumption calculated from the regression
equation in Table 19. Weight class (mg live weight)

are shown in Table 23.
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41

Effect of temperature on the metabolic rate

(nl o, mg"l h-l) of nine weight classes of

H. stagnalis from Rutland Water. Mean specific
oxygen consumption calculated from the regression
equation in Table 19. Weight class (mg live

weight) are shown in Table 24.
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Fig. 42 Effect of temperature on the metabolic rate

1

(n1 0, mg~' h™!) of five weight classes of

G. complanata from Rutland Water. Mean specific

oxygen consumption calculated from the regression
equations in Table 19. Weight class (mg live

weight) are shown in Table 25.
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is less marked in the 5° - 10°% range animals and smaller

values for the small leeches over all temperature ranges.

Thus for the three species, it can be seen
that the large size classes show a greater response to

temperature (as measured by Qlo) than do the smaller leeches.

5.7 Discussion

Various relationships between respiration
rate and body weight have been described in poikilotherms.

These include: -

(1) The surface law, basically propounded by Sarrus and
Rameaux (1839, cited by Brody, 1945) and later by Bertalanffy
(1957). This effectively states that respiration rate is
directly proportional to two-thirds the power of live
weight.
(2) The power function of body weight 0.75 & 0.015, this
relationship suggested by Hemmingsen (1960) which states
that the respiration rate was proportional to the power of
0.75 of the body weight.

Studies of many invertebrates are consistent
with Bertalanffy's (1957) respiration coefficient (e.g.
Adcock, 1975 for A. aguaticus; Prus, 1977; Halcrow & Boyd,

1967, for Gammarus oceanicus and Cairns, 1978, for Sericesthis

nigrolineata). But others are consistent with Hemmingsen's

respiration coefficient of 0.75 (e.g. Davies, 1966, for the

68.



gastropods Patella wvulgaris and E. aspersa; Rao, 1980, Cellana

radiata) .

In the present study the relationship between
oxygen uptake and dry weight is again linear on a log/log plot
but the regression coefficients do not conform to either of
the above relationships. The regressions for the three
temperatures for each species are significantly different.
This is in agreement with the observations of Rao and Bullock
(1954) that respiration rate varies with temperature in
poikilotherms. This is further supported by Berg and
Ockelman (1959) who found that the respiration rate varied
seasonally in freshwater Limnaea spp, and by Laybourn and
Strachan (1980) who found a similar temperature effect in

the benthic marine copepod Cyclops bicuspidatus.

There is currently no explanation for wvarious
b-values found among poikilotherms, but Newell (1973)
demonstrated that environmental and endogenous factors
influenced the rate of respiration and these factors
included activity, body size, exposure to air temperature
and nutritional level.

Comparison of the rate of oxygen uptake for
the three species of leeches with these values obtained by
Mann (1956) is difficult as he worked with only one
temperature (20°C). However, his results are consistent with
the present findings. The regression coefficients for

H. stagnalis of 0.81 and G. complanata of 0.715 are similar

to those found in the present study at 15°%¢ (cf. Table 18).
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The regression coefficient for E. octoculata of 1.06 is

much higher than that obtained in this study of 0.776 at
15°C and implies that the oxygen consumption per unit weight
was actually lower in the smaller animals. It is possible
that the larger leeches were responding to a lower oxygen
concentration by ventilatory movements.

There are different views of the relation-

ship between and animal size. The first of these is

20
suggested by Akerlund (1969) in his work on the snail, Marisa

cornvariatis is that Qlo values are inversely related to

body weight, i.e. large animals are less influenced by
temperature than small animals. Rao and Bullock (1954)
sugggested that QlO values are directly proportional to body
weight, in that oxygen consumption commonly increases with
increasing weight. They supported their conclusion with
data from various sources. The third view is that the QlO
of poikilothermic invertelrates is constant with increasing
size. This was demonstrated by Pamatmat (1969) in his work

on the intertidal bivalve Transella tentilla.

In the present study, E. octoculata shows an

increasing QlO with increasing body weight as was reported
by Rao et al. (op. cit.) but it is noteworthy that the Q0
values for the low temperature range (5° - 10°C) are greater
in all cases than that for the higher range (10° - 15°¢) .

H. stagnalis and G. complanata have similar

patterns of QlO values increasing with size over the

temperature range 5° - 10°c and decreasing over the range
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10° - 15°C, although the decrease is very slight over much
of the size range. This is in agreement with Heubner (1973)

who found that Q0 varied inverselywith size between 15°
and 30°C, but directly with size between 5° and 10°C in the

prosobranch Polinices duplicatus. She suggested that large

snails are more sensitive to temperature changes in the low
range and small animals are more affected when warm.
There is a discrepancy in Q10 values for
many different species and there is no explanation for the
variation of Q10 with both temperature and animal size.
Huebner (op. cit.) suggested that alteration in isozymes
proportions as well as change in animal activity may be
responsible for general respiratory response to temperature.
It is difficult at the present time to suggest
a mechanism for the different temperature responses of

H. stagnalis and G. complanata to that of E. octoculata. It

is possible that different physiological mechanisms are
involved and a possible factor is the presence of haemo-

globin in the Glossiphoniidae which is absent in E. octoculata.

Further research is required on metabolic
temperature response of leeches, especially for higher and

lower temperatures.
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6. FEEDING STUDIES

6.1 INTRODUCTION

Identification of the food that is being
eaten by a particular species in a habitat is an essential
preliminary to estimating quantitative consumption. This
information can be used in a variety of ways, including

the construction of an energy budget. In this case

C=P+ F + FU
where C is consumption, P is production, R is respiration
and FU is faeces and urine excretion.

Hence, if estimates are made of any three
parameters, the fourth can be derived. Using this system,
internal checks on the accuracy of the experimental determin-
ation of these parameters may be made.

Several methods may be used to identify and
measure the food actually consumed (Klekowski & Duncan, 1975).
First, food preference experiments may be carried out in the
laboratory on animals acclimated to laboratory conditions.

In this method, a wide variety of possible foods are presented
to the animal over a given time. This method can be used to
estimate the amount of food eaten pér unit time.

A second method is the analysis of gut contents.
This method requires dissection of the gut of the animals and

identification of ingested organisms or their remains,

identified. However, this method is only satisfactory for
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those animals that consume their 'prey' whole, such as

E. octoculata, but it is not suitable for sanguivores such

as G. complanata and H. stagnalis.

A third method is a serological technique
which involves the identification of a prey species through
antigen anti-sera reactions in a precipitin test, using a
serum of a sensitised mammal. This method may be linked by
the fact that, unless certain assumptions are made, they
cannot be quantified (Southwood, 1978), so the method is
less useful for quantitative studies on food consumption,
unless it is known that only one individual is normally
eaten per period of detectibility (Klekowski & Duncan, 1975).

The feeding studies on leeches, reported in
the literature, are divided between these three methods.
Food preferences were studied by Young and Ironmonger (1980)

in England, for the three species E. octocuiata,_g. complanata

and H. stagnalis, by exposing potential prey organisms to
leech attack in dishes, in the laboratory. The prey organ-
isms included 42 taxa, and the experiment ran for 10 days.
In the U.S.A., Hilsenhoff (1963) studied predation by

g. stagnalis on the larval dipterans Tendipes plumosus, and

Cross (1976) studied the predation rate of H. stagnalis and
Erpobdella punctata on a mixed population of tubificids.

Davies and Everett (1975) in Canada, examined the food of

four species, G. complanata, H. stagnalis, Nephelopsis

obscura and Erpobdella punctata on a range of 11 prey taxa in

a laboratory experiment.
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Gut contents were used to study the food

preferences of E. octoculata by Elliott (1973b) and Young

and Ironmonger (1979) in England.

Serological techniques were used by many
authors. In Canada, Davies et al. (1978, 1979) studied
predation by N. obscura and H. stagnalis. Worna et al.

(1981) examined the preyutilization by G. complanata and

H. stagnalis. In England, Young (1980, 1981) determined

the food of H. stagnalis and G. complanata in productive

and unproductive British lakes. Young (1982) investigated
the food niches of the lake-dwelling triclads and the three

species, H. stagnalis, G. complanata and E. octoculata in

the littoral zone of British lakes of different trophic
status.

The leeches are reported in the literature
as feeding on a wide variety of prey specimens, e.qg.
H. stagnalis is widely reported to feed on chironomid larvae
(Bennike, 1943; Hilsenhoff, 1963; Moore, 1966; Sapkarev,
1968; Wilkialis, 1970; Lang, 1974; Cross, 1976; Davies et
al., 1979; Young, 1980; Young et al., 1980; Worna et al.,

1981), together with Asellus aquaticus (Wilkialis, 1970;

Lang, 1974; Davies et al., 1979; Young, 1980; Young et al.,
1980; Worna et al., 1981), and some molluscs (Mathers, 1948;
Kleem, 1975; Davies et al., 1979; Young, 1980; Young et al.,
1980). A claim by Moore (1912) that it feeds on the blood

of fish, frogs and humans, may be discounted.
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G. complanata feeds primarily on molluscs

(Pawlawski, 1936; Mathers, 1948; Moore, 1964; McCarthy,
1975; Kleem, 1975; Davies, 1975; Young et al., 1970; Young,
1981; Worna et al., 1981) and is also reported to feed on
chironomid larvae (Mathers, 1948; Williams, 1961; Young et
al., 1980; Young, 1981; Worna et al., op. cit.).

The third species, E. octoculata has been

reported to feed extensively on chironomid larvae and oligo-
chaetes (Bennike, 1943; Elliott, 1973b; Green, 1974; Lang,
1974; Aston & Brown, 1975; Young et al., 1979, 1980, and
Young, 1982).

In the present study, two main experiments
have been used to determine the food taken by the three
species of leeches. First, experiments were designed to
evaluate the total range of prey taken by each species.

The potential prey were chosen because they are represented
the most abundant aquatic macrobenthos found in Rutland
Water (Bullock et al., 1982). Secondly, by knowing the
type of prey eaten extensively, estimates were made on a
dry weight basis of food eaten by every leech per unit time.

The aims of the present study of feeding were:
l. To determine the quantity of food taken by each size
class of the leeches.

2. To determine the effect of day-length and water

temperature on feeding.

3. To use the data to compare the energy budgets of the three

species of leeches.
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6.2 Method

6.2.1 Prey preference experiment

This experiment was designed to establish the
range of prey taken by the three leech species on Rutland
Water. The leeches, together with their potential prey,

comprising A. aguaticus, Gammarus pulex, Lymnaea peregra,

Physa heterostropha,oligochaeta and larvae of chironomidae,
were collected from Rutland Water, and transported to the
laboratory in buckets filled with reservoir water.
For the experiment, ten containers of 250 cm3
capacity were used for each of the six prey taxa, with the
intention of using five for each leech species, and five
as controls. Ten individuals of a single prey taxon were
placed in each container, together with 150 cm3 of filtered
reservoir water. A small stone (4 - 5 cm diameter) was
placed at the centre of each container, to provide a resting
and sheltering place, and all containers were aerated with
air stones froma compressed air supply.

All leeches were starved for 14 days and only

medium-sized leeches were selected for the study. Four

individuals of H. stagnalis (4 - 6 mg) or E. octoculata

(40 - 50 mg) were allocated to each céntainer, but a shortage

of G. complanata (40 - 60 mg) necessitated the use of only
two individuals of this species.

The containers were maintained at 10°C in a

light regime of 12 hr light: 12 hr dark. The containers
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were checked daily for three days. On each occasion, the
numbers of live prey were recorded and all losses replaced.
After the three days, all remaining prey
were removed from the containers, the water changed, and the
leeches starved for a further 14 days. The prey taxa were
then reintroduced, placing the taxon in each container as on

the first occasion.
6.2.2 Results

The result for the two three-day periods have
been amalgamated to show the mean mortality in each prey
taxon with each predator over a period of six days (Table 29).

The mortality of each taxon in the presence
of each predator was compared with the control mortality,
using the Mann-Whitney U-test. The tests show a significant
departure for the null hypothesis, as follows: -

l. H. stagnalis on Oligochaeta only.

2. G. complanata on Lymnaea peregra only.

3. E. octoculata on Oligochaeta and larval Chironomidae.

6.3 Food consumption rate

This experiment is designed to estimate the
weight of food consumed by a leech in unit time and the effect
of temperature and light on the consumption rate. H. stagnalis

and E. octoculata are both feeding on oligochaetes Tubifex

tubifex, while G. complanata feeds on a gastropod, particularly
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L. peregra (section 6.2), so those taxa were used as the test
foods, although the first two species are known to have a

much wider dietary range.

The leeches were collected from the reservoir
with their food organisms and kept in constant temperature
rooms at 52, 10° and 15°C with an adequate supply of food for

a minimum of two weeks. For H. stagnalis and E. octoculata,

five size categories were selected, while four size

categories were used for G. complanata, each category was

fed at each of the three test temperatures (50, 10° and 15°C)

and replicated four times. The number of E. octoculata was

varied to allow for possible wvariations in voracity (see
Table 31). In the light of experience with this species,
it was decided that such variation was unnecessary and the
remaining two species were treated with a constant number
of individuals, four per replicate, regardless of size. The
experiment was conducted in 250 cm3 glass vessels (as in
the previous experiment), containing 125 cm3 of filtered
reservoir water and a pebble (4 - 5 cm diameter) to provide
attachment and cover for the leeches. Thirty control
vessels for each species were half filled with filtered
reservoir water and ten were held at each of the experimental
temperatures.

The oligochaetes were weighed alive after
being blotted dry by laying them on filter paper for one
minute. They were then placed in each experimental container

(approximately 45 mg dry weight for H. stagnalis and 75 mg

dry weight for E. octoculata), and similar weights of prey

were added to the control containers. For G. complanata
— [4
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six L. peregra, each of 150 - 170 mg live weight (= ¢ 20 mg
dry weight of soft tissue), were placed in each vessel.

The relation between dry weight and fresh
weight in the oligochaete was established using 36 samples
of T. tubifex. Each sample was blotted dry and weighed on
a Mettler H30 balance. The samples were then dried overnight
in a vacuum oven at 80°C and 400 mm Hg pressure. The samples
were then cooled and weighed on an eieétromicrobalénce. The
regression of dry weight on fresh weight gave the relation
dry weight (mg) = 13.5774 + 0.1132 fresh weight (mg) (r =
0.99726, P<0.001), Fig. 43.

The relation between live weight (including
shell) and the dry weight of soft tissues in L. peregra was
established similarly. Snails were weighed, after blotting
dry on filter paper. They were then killed by immersion in
boiling water for several minutes, the soft tissues were
removed with forceps and dried in the vacuum oven. After
cooling, the tissues were reweighed and a sample linear
regression calculated. This gave dry weight (mg) = 4.73998
+ 0.09848 % fresh weight (mg). (r = 0.759; n = 34, P<0.001).
Fig. 44.

The experiment was run twice for each species

of leeches for every temperature for three days, using two

different light-dark regimes; one with a 16 hr ¢ 8 hr light-
dark cycle, and the second with 8 hr : 16 hr light-dark

cycle to detect any effect of light regime on food consumption.
The illumination was provided by 80 watt fluorescent light

strips fixed on the top of the cabinet. A red dull light of

40 watt was used during dark. Periods of illumination
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Fig. 43 Relationship between dry weight and live weight of
Tubificidae from Rutland Water.

Regression equation: Y = 13.5174 + 0.1132X

r = 0.997

n = 36

where Y = dry weight (mg)
X = live weight (mg)
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Fig.

44

Relationship between dry weight of soft tissues
of snails (mg) and live weight of snails (mg) of

Lymnaea peregra from Rutland Water.

Regression equation: Y = 4.73998 + 0.09848X
where Y = dry weight of soft tissues (mg)
X

live weight of snail (mg)
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were controlled by a time switch.

The experiment was inspected at least once a
day. When the food supply had been virtually exhausted,
more food of known weight was added. Any replicate in
which a leech died was terminated immediately and restarted
with new leeches and food.

At the end of the experiment the remaining
food in the experimental and control vessels was blotted

dry (as above) and dry weights measured.

6.3.1 Calculations

All weights of fodd organisms were converted
to dry weight using the regression equations cited earlier.
Since the controls had shown an overall reduction in weight
this was used to calculate an expected weight of prey

organisms at the end of the experiment using simple proport-

ions, i.e.

Va$
Ype _ Mee
wpb wcb

where W = dry weight, P = prey, ¢ = control, b = beginning

of experiment and e = end.
Hence, the expected final dry weight (Qp )
e
is wpb ¥ ch'/wcb
The weight of prey consumed is

. A
Wp = Wpe - Wpe
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6.3.2 Results

The results are summarised in Tables 30 - 32
and are presented more fully in Appendix B. The data
suggest that the total food uptake was linearly related to
the size of the leech in each species. This relation was
examined by regression analyses of total food uptake on

estimated dry weight (mg) of the leeches (Tables 30 - 32).
6.3.3 Food consumption and day length

The effect of light on feeding in the present

study was tested for H. stagnalis and E. octoculata at three

temperatures using a special analysis (Ostle, 1963), to show
if a single line would be adequately described the relation-

ship for each species. No analysis was made for G. complanata

because the observed number of prey consumed under both light
regimes were identical in each size class at both 10°C and
15°C, while there was no feeding at 5°¢ (Appendix B).

The analysis of the results are given in

Tables 33 and 34 and the test includes the following: -

I. Homogeneity: - This tests the hypothesis that an overall
equation may adequately represent the relation between the
two variables in both light regimes.
II. Identity of the slopes: - This tests the hypothesis that
the slopes of the regression lines are identical.

The result of the tests were as follows:
A. In H. stagnalis at 5°C the regression lines are not
homogeneous (P < 0.01) and thus cannot be represented by a
single regression equation. The slopes of the line were not

significantly different.
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At 10° and 15°C, the regression for the two
regimes was homogeneous and the slopes of the lines were not
significantly different (P >0.05), thus an overall equation
may be used to represent the twollighting regimes at each
temperature.

B. The analysis for E. octoculata (Table 34) shows that the

regfession lines were homogeneous and the slopes of the lines
were not significantly different, thus an overall equation of
food on live weight for these animals can be described by a

single equation at each temperature.
6.3.4 Food consumption and temperature

The mean consumption rates for each of these
size classes for the three species were calculated from the
regression equations at each temperature (Tables 30, 31 & 32).
Thus a linear regression equation was calculated for each
for consumption rate against temperature. This relationship
for each temperature for each species is adequately described
by a straight line and are given in Table 35.

The results showed clearly that the individual
food consumption shows a positive, linear correlation with
temperature change, with consumption rates increased from 5°
to 15°C.

The consumption rates of the three species were
compared on the basis of consumption rate per one mg body
weight at three temperatures and it seems clear that

G. complanata consumes more than the other two species.
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6.4 Faeces production

The faeces of the leeches could not be

distinguished from those of Tubifex tubifex and Lymnaea

peregra in the feeding experiment. For these experiments,
leeches were classified according to size. For H. stagnalis,
four size classes were used, with 30 individuals‘per
replicate for the first two size classes and 20 individuals
for the third and fourth size classes. Three size classes

were used for G. complanata with 10 individuals per replicate

and five size classes in E. octoculata with 20 individuals

in the smaller size class and 10 individuals for the fggf
largest size classes (see Table 36). Each size class of
each species was tested at 5°, lOo and 15°C except that the

5°¢ temperature was omitted for G. complanata since it had

already been demonstrated that this species does not feed at
this temperature. Each combination was replicated four times.
The leeches were placed in 125 Cm3 of auto-
claved reservoir water with a generous supply of food. After
24 hr , the leeches were transferred to a clean container in
100 cm3 of sterile filtered reservoir water. After a further
24 hr , the leeches were removed, blotted dry and weighed.
The water was filtered through a preweighed fine glass fibre
filter (Whatman type GF/A) which retains particles down to

1 pm in diameter. The filter papers were dried overnight in

a vacuum oven at 80°c and 400 mm Hg pressure. The papers

were cooled in a desiccator and reweighed. The'difference
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in weight was taken to be the faecal output (dry weight).
6.4.1 Results
The faecal production of the three species

-1
are summarised in Tables 36, 37 and 38 as dry weight 24 hr

ind-l, together with linear regression equations of faecal
production on live weight. Only in the case of H. stagnalis
is there a consistent correlation between weight of leeches
and quantity of faeces. In other cases, although there is

a general upward trend in faecal production with increasing
weight, the variation was such that the regression equations
were either non significant or only just attaining signific-
ance (P = 0.05). Consequently in order to relate faeces
production to food consumption, the regression equation in
Table 35 was used to calculate expected food consumption

in each replicate and these were used to estimate the
apparent percentage assimilation. The mean percentage
assimilation was then calculated for each temperature and
shows little variation.

Examination of the data indicates that the
quantity of faeces generally increased with temperature,
although variation tends to obscure this, and this is
compensated by the increased consumption rate with increasing
temperature. Consequently the apparent percentage assimilat-

ion remains effectively constant.

It is not surprising to find the faeces

production in sanguivorous species is low, particularly since

only solid material was measured and no measurement was made

of any soluble egesta. It would, however, be expected that
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a macrophage like E. octoculata would produce a greater

quantity of faeces.

Generally predators are considered as having
high absorption efficiencies. Thus Macfadyen (1967)

discussed three major trophic groups of animals and concluded
that carnivores (predators) are characterised by a high
absorption efficiency while, on the other hand, herbivores
have an intermediate level and detritivores have the lowest
efficiency.

No authors appear to have made any attempt to
measure faecal production and hence no data are available for
comparison. P. Calow (pers. comm.) has recommended a value

for percentage assimilation greater than 90%.

6.6 Discussion

The first step in a feeding study is to
determine the prey taxa selected by a predator. The six
groups of prey organisms selected in the present study
represent the most abundant food organisms available to the
three species of leeches in Rutland Water and include the
main food items attributed to these species in the literature.
The prey preference trial revealed that H. stagnalis fed

extensively on Tubifex tubifex: this agrees with various

authors (Davies & Everett, 1975; Young et al., 1980, 1981;

Wrona et al., 1981) who reported heavy predation on oligochaetes.
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Although Young et al. (op. cit.) and Wrona (op. cit.) also
recorded a broader dietary range including gastropods,
isopods and chrionomid larvae, none of these was taken in

the present experiment. G. complanata fed extensively on

L. peregra but on neither oligochaetes nor chironomid larvae
contrary to the results by Davies and Everett (op. cit.) and

Young et al. (op. cit.). E. octoculata preyed only on oligo-

chaetes and chironomid larvae. It did not take either

Asellus aquaticus or Gammarus pulex, although both have been

reported as prey (Young et al., op. cit.).

The more restricted diets found in this experi-
ment, reported by the authors cited above, is not readily
explained. Wrona (op. cit.) used a serological technique on
field collected specimens and Y.T. Daoud (pers. comm.) has

confirmed that both H. stagnalis and E. octoculata take

Asellus spp. in Rutland Water. Young et al. (op. cit.) used
a similar technique to that used in this study. There is one
difference, however, in that in my study, the leeches were

maintained for at least one week: T. tubifex (both H. stagnalis
and E. octoculata) or L. peregra (G. complanata), this may

have resulted in habituation to a single food type.

There is no explanation why the leeches select
some prey and ignore others. Wrona et al. (op. cit.) concluded
that the preferential selection for prey exhibited by the
leeches may be due to prey differences in palatability or
quality as a food source or to differences in the leeches'

ability to capture the prey. One factor not included which
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affects the selection of prey by predators in both the field
and laboratory is the preys' activity. Thus all authors

are in agreement that oligochaetes, chironomid larvae and
gastropods are the most common food for the leeches and all
these prey taxa are very sluggish and hence are easily
captured.

There are many factors affecting the rate of
food consumptioh by invertebrates, such as temperature,
availability of food and the physiological state of the
individual (Petrusewicz et al., op. cit.). For the leeches
the day-length and water temperature are claimed to be most
important factors, causing variability in food consumption.
Thus Young (1980, 1981) reported the lowest food consumption
during the winter months in all three species and Wrona et
al, (op. cit.) confirmed that consumption activity was at a
minimum in winter months. Both authors reported an abundance
of prey in the winter months. Hilsenhoff (1963) showed that

the predation rate of H. stagnalis on Tendipes plumosus was

minimal at 4°C and increased to a maximum at 25°C. Similarly,

in the present study the consumption rate increased from 5°C

to 15°c.

Elliott (1973b) claimed that day length was
the causative factor governing the feeding activity in

E. octoculata rather than water temperature. He inferred that,

although leeches were active in periods of darkness, 12 hr
of day light was necessary to promote this activity. The
data he presents are, however, readily explained in terms of

leech inactivity in response to decreased water temperature.
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Further, Greene (1974) reported a slightly more active

consumption by E. octoculata at lower light intensities, but

the difference was not statistically significant. This is
substantiated in the present study, where food consumption
was strongly correlated with temperature but unaffected by
day length.

It is therefore concluded that the leeches
are to some degree restricted in their diet and hence will
be affected by the availability of prey. Further, a major
environmental factor controlling feeding rate is that of

water temperature.
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7. ENERGY BUDGET OF THE THREE SPECIES

7.1 Introduction

The population dynamics of field populations

of the three species, H. stagnalis, G. complanata and

E. octoculata have been described earlier (Chapter 4). The

respiratory metabolism, feeding preference and quantitative
feeding biology were studied in the laboratory (Chapters 5
& 6). These approaches can be combined to estimate the
energy budget of each species. It is necessary to convert

all items in the energy budget to units of energy.
7.1.2 Energy equivalents

The energy content of the three species and
- of their food were determined using a commercial version of
Phillipson's (1964) ballistic microbomb calorimeter and the
procedure described by Phillipson was followed with two
modifications. First, no water was introduced into the
bomb so that there was a dry atmosphere, and secondly the
bomb, after pressurising, was checked for leaks by immersion
in a beaker of water to a point below the teflon junction.
This procedure also cooled the bomb after pressurisation.
Material for calorific determination was
dried in a vacuum oven at 80°C for 24 hrs. These were
ground to a fine powder and compacted into péllets of

10 - 30 mg dry weight. These materials were stored in a

desiccator over silica gel overnight. On the following day,
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the pellet was placed on a preweighed platinum foil pan

and weighed on an electromicrobalance  0.001 mg) to give
the weight of pellet by difference. The pan and pellet
were placed on the pan support of the calorimeter and a

4 cm length of 0.1 mm diameter platinum wire was attached to
the firing electrodes and bent to bring it contact with the
pellet. The calorimeter was sealed, charged with oxygen

to a pressure of 28 bars, and cooled and checked for leaks
by immersion in water.

The bomb was seated on a brass ring contain-
ing eight thermbcouples and the whole apparatus was
insulated by an inner metal and an outer polystyrene
jacket. After the temperature had equilibrated, the pellet
was ignited by passing a current through the platinum wire.
The corresponding temperature rise of the exterior of the
bomb was detected by the thermocouples and this produced
a deflection on a chart recorder. This was measured to
the nearest 0.5 mm, and since the deflection is proportional
to the calorific value of the pellet, this was easily
calculated. Any ash remaining on the foil pan was weighed
again so that the result could be expressed on an ash-free
dry weight basis.

The bomb was calibrated using standard thermo-
chemical benzoic acid with a known calorific value of
26 .3584 joules mg-l. A total of six pellets were fired in

which the calorific equivalent of each millimetre of deflect-

ion was calculated as calibration factor mean = 12.705 hy
0.072 J mm~1_
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7.1.3 Results

The calorific values of the three species of
leeches were determined by sorting each into two size classes
(Table 39). Five determinations for each size class of each
species were made and they are presented in Table 39, Applicat-
ion of simple t-tests revealed no significant difference
between the two size classes in any species. These results
are similar to those of Calow and Woolhead (1977) when they
reported only minor differences in energy content between
newly hatched and larger freshwater triclads. A one-way
analysis of variance indicated a significant difference
between species (F2,27 = 3.555, 0.01<P<0.05) and a
subsequent multiple range test revealed that H. stagnalis
had a significantly highermean value than did E. octoculata

(P¢0.05).

The only available data to compare with these
results are those of Prus (1970) who obtained values of

22.784 J mg"l dry weight for Dina microstoma. This lies

within the range of the result cited here.

The calorific values of two major food items,

Tubificidae and Lymnaea peregra, were determined in an

identical manner. L. peregra was removed from its shell
before vacuum drying, but otherwise the procedure was
identical to that followed with the leeches. The mean values
(Table 39) are based on six (Tubificidae) and seven

(L. peregra) determinations.
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7.2 Population respiratory metabolism

The energy which is assimilated can either be
incorporated into the individual as tissue for growth or
reproduction or to utilise in performing work. The
work necessary for maintenance of the individual is usually
measured by estimating oxygen consumption.

The total respiration of the leech populations

were estimated in the following manners:

1) The numbers of leeches of each size class on each
sampling occasion and the mean dry weight of individuals in
each class had been estimated (Chapter 5).

2) The mean temperature of the reservoir water in each month
was estimated as the mean of the 2 - 4 readings recorded

by the Anglian Water Authority (vide Fig. 3).

3) The appropriate respiration équation was chosen as being
that for the temperature closest to the lake temperature

for each occasion.

4) The total daﬁly respiration (R) on each occasion was then
estimated as g 1 ny antilog [a + b (log wi)] where n; is
the number of individuals of mean weight, Wi in size class
i (i =1 toN) and (a + bw) is the appropriate respiration

equation.

5) The total respiration between two sampling occasions, t,

and t, is then (t2 - tl) (Rtl + th)/z.
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?he total respiration for each month was
summed to give the annual respiration of the whole population
(Tables 40, 41 & 42). The oxygen consumption for the whole
population for one year was then converted to Kilo Joules (kJ)
yr'l, using an oxycalorific coefficient of 20.19745 (Ivlev,
1934; 1 ml 0, corresponds to 4.825 cal = 20.19745 J).

Table 40 demonstrates clearly that a high
peak of oxygen consumption occurred in June/July of the first
year and August/September of the second year, for the
population of H. stagnalis and declined during winter, from

1

December - April in each year, which was 8.38 kJ yr - with

1

6.82 kJ yr = in the second year.

In E. octoculata the consumption of oxygen

was at a maximum in June for both yeqrs and the minimum
consumption occurred from December - March in eacn year
(Table 41). The annual respiratory loss was again higher
in the first year (8.05 kJ) than in the second year
(7.531 xJ).

The annual respiratory loss for G. complanata

was 13.02 kJ, and the high peak of respiration loss was
recorded in September. Again it is at a minimum throughout
the winter season (Table 42), from November - February.

The low respiratory loss during the winter
season for all three species partly reflects the low
population biomass as well as the low water temperature,
while the high peak of respiratory loss in the summer is a
result of increased temperature and the presence of large

individuals in great numbers, hence the respiration rate of
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the leech population increased and fluctuated widely with

temperature changes.

7.3 Annual food consumption and faeces production

Calculations of annual food consumption and
faeces production are based on daily estimates using the
field data for the numbers of leeches of each size class on
each sampling occasion, and the mean dry weight of individuals
in each class. The consumption of T. tubifex by H. stagnalis

and E. octoculata and L. pereqra by G. complanata were

estimated using the equations in Table 35 which represent
the food consumed by the leech at three temperature 5°, 10°
and 15°C, these equations were chosen as being that for the
temperature closest to the reservoir temperature for each
occasion. The total food consumption and faeces production
between two sampling occasions was estimated in a way
similar to that of annual respiratory metabolism. The total
energy consumed and faeces produced are presented in Tables
43, 44 and 45. The difference in annual population consumpt-
ion between the two years for H. stagnalis and E. octoculata
is reflected in the difference of population structure
between them, thus in year one despite the lower density,
the population was dominated by individuals which had a
higher biomass.

The faeces production has the same pattern,
its' production was highest in the first year and lowest in

the second year.
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7.4 Calculation of production

In the absence of information on population
production, the'COmponent of energy budget is considered

here as follows:

A=C-F

where A = population assimilation
C = total food consumed
F = faeces prdduced

The total energy assimilated (A) is estimated
directly as the food consumed minus the faeces produced. The
assimilation is then converted to the joules equivalent,

after using the conversion of the Lymnaea food for

1 1

and 19.569 J mg~

G. complanata 16.488 J mg~ for

H. stagnalis and E. octoculata. The total annual respiration

of H. stagnalis population for the two years were 8.381,

6.824 kJ and the total annual respiration for E. octoculata

for the two years 8.05, 7.53 kJ. The total population
respiration for G. complanata was 13.025 kJ. Similarly, the

the total population assimilation for the three species for
the two years was calculated as 52.535, 46.053, 35.885, 35.1
and 104.561 kJ for the whole population.

' Thus,

A =P R
p~ pt T

where Ap: population assimilation in the field
P =A -
P p RP
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The population production 1s presented in
Tables 43 - 45 for the 3 species which was based on the
estimation of total respiration with the total assimilation,

the population production for H. stagnalis, E. octoculata

and G. complanata were 44.154, 38.279, 27.835, 27.571 and

91 .536kJ for the whole population.

8. GENERAL DISCUSSION

Three dominant predatory leeches were studied
in Rutland Water over two years. This study was concentrated
on distribution and abundance, and population biomass and
structure, together with estimates of respiration, food
consumption and faeces production to calculate energy
budgets. From these data, estimates of production were
obtained for each species. Ideally, such estimates can be
compared with estimates of production obtained directly
from field data (Engelmann, 1966), but the low numbers of
leeches obtained in samples make such estimates unrealistic.

The problem in population estimates is that
the use of a grab sampler did not take into consideration
the tendency of leeches to hide bereath stones. The problem
was overcome by using hand collecting in the littoral zone
in the second year to study quantitatively the population

ecology of both E. octoculata and G. complanata.

The leeches were abundant in the summer period
particularly after breeding, but the numbers in the grab

samples declined greatly in winter. This is doubtless
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partly due to mortality but numbers rose aéain in the spring
prior to reproduction, suggesting that the leeches were
available for capture during the winter period (cf. Fig. 9).
This suggests that the leeches may burrow into the substratum
when temperatures are low.

The distributions of the leeches was limited
to both the type of substratum and organic content. This
resulted in the dam transect, which had a clay substratum,
supporting low densities of all three species. The other
three transects supported higher densities on a generally
mud/detritus substratum. The abundance of the leeches was

clearly related to water depth with both H. stagnalis and

E. octoculata more abundant in shallow water (£ 2 m). None-

theless, the distributions of all species were highly
aggregated and this resulted in apparent violent oscillat-

ions in E. octoculata which occurred in relatively low

numbers.

The life cycle of E. octoculata took two

years to complete, as has been reported by Elliott (1973a)
although Mann (1955) and Young et al. (1982) reported an
annual cycle. The difference in duration may be a result
of physico-chemical differences in the water bodies, as
has been demonstrated by Aston and Brown (1975).

H. stagnalis has an annual life cycle with

extended breeding season as has been reported by Bennike

(1943) and wilkialis (1970). No evidence was found of two

generations p.er year as reported by Mann (1957b), Learner
et al. (1982). Again, this difference could be a response
to physico-chemical variation.
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G. complanata was only sampled effectively

for one year. On the basis of this evidence, there is only
one generation in a year in Rutland Water. This agrees
with the findings of Young et al. (1982) but differs from
Mann's (1957a) report of two generations in the year.
Reproduction began in May to June in all three
species at a time when the water temperature.exceeded 10°c.
It is possible that this is a direct response to temperature,
but also may reflect the increased availability of prey at
this time.
Respiration rates were measured in the
laboratory at three temperatures (s°, 10° and 15°C). 1In
all three species, oxygen consumption increased logarithm-
ically with dry weight, and increased with rising temperat-
ure. These relationships were used to estimate population
respiration rates in the field. This extrapolation is
likely to underestimate true respiratory activity, since
the leeches were more or less quiescent in the respirometer.
Also, there is an element of approximation in applying the

equation for the temperature nearest to the known field

temperature.

Measurement of food consumption was carried
out in the laboratory under three temperatures for different
size clasées of leeches. The weight of food consumed was
measured and linear regression equation of consumption on
biomass of leeches were fitted. These equations were then
used to estimate consumption in field populations in the

Same way as that used to estimate the annual respiration
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estimates. The energy consumed for H. stagnalis were 54.160

k3 yr=l (1977 - 1978) and 47.477 kJ yr~+ (1978 - 1979), for

1 and36.949 kJ yr~ !, and for

(1978 - 1979). The figure for

E. octoculata37.774 kJ yr

: -1
. complanatall3.654 kJ yr

9]

. complanata, is certainly overestimated, because the

1Q

assumption was made that if one snail was killed, the

entire mass of soft tissues were consumed. This is untrue,
but it was impossible to estimate the amount'of food remain-
ing.

Although faecal production was measured in
the laboratory and could therefore be applied to the field
populations, it was not possible to measure excretory
losses which include not only normal nitrogenous excretion
but also mucous secretion. This therefore implies an over-
estimation of production. Also, it is acknowledged that
the further subdivision of production into growth and
reproduction has not proved feasible in this study.

It follows from the preceding account that
with respiratioﬁ underestimated, consumption probably over-
estimated and excretion underestimated, the estimates of
production are certainly excessive. Nonetheless, they do
indicate the order of magnitude of the impact of leeches
on benthic organisms which has not been attempted before.

Further research on aspects of the energy
flow is necessary. First, the energy input to the populat-
ion should be studied, especially the quality and availab-
ility of food.

These measurements must be based on a full

understanding of the feeding biology of the animal concerned.
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Secondly, the energy balance of the individual animal at
different temperatures should be determined to emphasise
the effect of temperature on the energy parameters. More
detailed work is required on the eéology of the: leech
population in order to assess the absolute effect of

temperature (low and high) on food, respiration and life
cycle.
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SUMMARY

1. Three species of leeches, Helobdella stagnalis, Erpobdella

octoculata and Glossiphonia complanata were studied in

Rutland Water. The 1072 grab samples taken over the period
of two years showed that H. stagnalis was the most abundant

species with densities ranging from 180 m~% (in September)

2

to 4 m™“ (in February), while E. octoculata had densities

from 30 m~% (in October) to 3 m~2 (in January). G. complanata

was only recorded at very low densities in the grab samples.
This species was therefore studied on a stony substratum

Close to the water edges, where a maximum density of 18 m"'2

was recorded in September which declined to 4 nrz in February.
The distribution and abundance was related to water dépth,
while the substratum type also had a considerable effect on
their distribution.

2. H. stagnalis and G. complanata completed their life cyclé

in one year with continuous breeding from June - September.
No evidence was found of two generations per year.

E. octoculata reached maturity in their second year. The life

cycle observed in tbe present study are compared with those
described in previous accounts.

3. Respiration rates were measured at three temperatures, 50

’

10° and 1s°c. Log/log linear regressions were calculated for
oxygen uptake on dry weight; the regression coefficients were
significantly different from each other at each temperature.
The mean respiratory metabolism was estimated for the densities

described in paragraph one as 7.778 kJ m—2 yr‘l for

E. octoculata and as 7.603 kJ m 2 yx:"1 in H. stagnalis, while

G. complanata was 13.025 kJ m-z yr-{
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4. Feeding experiments revealed that H. stagnalis fed extens-

ively on Tubifex tubifex, E. octoculata fed extensively on

both T. tubifex and chironomid larvae, while G. complanata

fed on Lymnaea peregra. The food consumption rate was

measured at three temperatures and showed a significant
increase at increased temperatures, but no effect of day
length was detected. Faeces production was measured and the
apparent percentage assimilation were calculated as 97% for

H. stagnalis, 95% for E. octoculata, while G. complanata
had 92%.

5. The energy equivalents of leeches were measuredas follows:

24.8 Jmg~! dry wt of H. stagnalis:; 23.177 Jmg~! dry wt of

E. octoculata and 24.009 Jrug-1 dry wt of G. complanata. The

energy equivalent for L. peregra was 16.488 ng"'1 dry wt and
19.569 gmg~! for T. tubifex. No significant difference
between large and small individuals in their energy equival-

ent was detected. The mean energy consumed by H. stagnalis

estimated at 50.818 kJ m™2 yr-1 and, for E. octoculata at

37.362 kJ m~2 yr'1 and by G. complanata 113.654 kJ m~2 yr'l

Production was estimated from the annual food

consumPtion minus faeces production and annual respiration,

and were 41.692 kJ m~2 yr"l for H. stagnalis; 27.703 kJ. m™2

yr—l for E. octoculata, and 91.536 kJ m=2 yr-l for

G. complanata.

102.



ACKNOWLEDGEMENTS

I am most grateful to my supervisor,

Dr. J.A. Bullock, for his advice and encouragement through-
out the sﬁudy period. My gratitude is also extended to
Professor H.C. Macgregor for allowing me to use the research
facilities in the Zoology Department, University of
Leicester; and to the Anglian Water Authority for supplying
limnological data.

I am most grateful to Mr. Frank Clark and
Mr. Steve Ison for their technical assistance and cheerful
hard work in both the field and laboratory. I also
acknowledge all other members of the 20010gy Department,
who made my stay with them so pleasant and profitable. I
am also indebted to Mrs. Frances Barker for typing this

thesis.

I wouldlike to thank the Iragi Government
for financially supporting part of this research with a

two year grant.

103.



REFERENCES

Adcock, J.A. (1975) The bioenergetics of a population of

Asellus aquaticus (L.) (Crustacea, Isopoda). M. Phil.
Thesis, University of Leicester. '
Akerlund, J. (1969) Oxygen consumption of the ampullariid

snail Marisa cornuarietus (L.) in relation to body

weight and temperature. Oikos 2@, 529 - 533.

Andrewartha, G.H. & Birch, L.C. (1954) The distribution
and abundance of animals. Chicago. 782 pp.

Arthur, J.W. & Horning, W.B. (1969) The use of artificial
substrates in pollution surveys. Amer. Midl. Natur.
82, 83 - 89.

Aston, R.J. & Brown, D.J. (1975) Local and seasonal

variétions in populations of the leech Erpobdella

octoculata (L.) in a polluted river warmed by

condenser effluents. Hydrobiologia 47, 347 - 366.

Barcroft, J. (1908) Differential method of blood-gas
analysis. J. physiol. 37, 12 - 24.

Bennike, S.A. (1943) Contribution to the ecology and
biology of the Danish fresh-water leeches (Hirudinea).
Fol. Limnol. Scand. 2, 1 - 109.

Berg, K. & Ockelmann, K.W. (1959) The respiration of fresh
water snails. J. exp. Biol. 36, 690 - 708.

Bertalanffy, L. van (1957) Quantitative laws in metabolism
and growth. Quart. Rev. Biol. 32, 217 - 231.

104.



Brightwell, T. (1942) On Hirudo geometra (L.) and some

other species of British freshwater leeches. Ann. mag.
Nat. Hist. 9, 1 - 11.

Brody, S. (1945) Bioenergetics and Growth. New York,
1023 pp.

Bullock, J.A., Clark, F. & Ison, S. (1982) Benthic
invertebrates of Rutland Water. Hydrobiologia 88,
147 - 156.

Cairns, sS.C. (1978) Growth, respiration and the utilization

of assimilated energy in the larvae of Sericesthis

negrolineata (Coleoptera). Oikos 31, 142 - 152.

Calow, P. & Woolhead, A.S. (1977) Locomotory strategies
in freshwater Triclads and their effects on the
energetics of degrowth. Oecologia 27, 353 - 362.

Carver, M.F. & Gloyne, A.R. (1971) The effects of variation
in ambient temperature on the Gilson differential
respirometer. Lab. pract. 20, 423.

Cross, W.H. (1976) A study of predation rates of leeches on
tubificid worms under laboratory conditions. Ohio J.
Sci. 76, 164 - 166.

Dall, P.C. (1979) Ecology and production of the leeches

Erpobdella octoculata L. and Erpobdella testacea Sav.

in Lake Esrom, Denmark. Arch. Hydrobiol. Suppl. 57,
2, 188 - 220.

Davies, R.W. & Everett, R.P. (1975) The feeding of four
species of freshwater Hirudinoidea in South Alberta.

Verh. Internat. Verein. Limnol. 19, (4), 2816 - 2827.

105.



Davies, R.W. & Reynoldson, T.B. (1976) A comparison of the

1ife cycle of Helobdella stagnalis (Linn. 1758)

(Hirudinoidea)'in two different geographical areas in
Canada. J. Anim. Ecol. 45, 457 - 470.
Davies, R.W., Wrona, F.J. & Linton, L. (1979) A serological

study of prey selection by Helobdella stagnalis

(Hirudinoidea). J. Anim. Ecol. 48, 181 - 194.
Davies, S.P. (1966) Physiological ecology of Patella.
I. The effect of body size and temperature on metabolic
rate. J. Mar. Biol. Assoc. U.K. 46, 647 - 658.
pussart, G. & Kay, R. (1980) Relationship between water
chemistry and respiration rate in several populations

of Lymnaea peregra Muller (Gastropoda: Mollusca).

Hydrobiologia 69, 57 - 65.

Edmond, J.S. & Ward, J.V. (1979) Profundal benthos of
multibasin foothilis reservoir in Colorado, U.S.A.
Hydrobiologia 63, (3), 199 - 208.

Elliott, J.M. (1973a) The life cycle and production of the

leech Erpobdella octoculata (L.) (Hirudinea: Erpobdell-

idae) in Lake District stream. J. Anim. Ecol. 42,
435 - 44s8.

Elliott, J.M. (1973b) The diel activity pattern, drifting
and food of the leech Erpobdella octoculata (L.)

. (Hirudinea: Erpobdellidae) in Lake District stream.
J. Anim. Ecol. 42, 449 - 459,

Elliott, J.M. & Mann, K.H. (1979) A key to the British

freshwater leeches with notes on their life cycles and

ecology. Freshwater Biological Association, Scientific

Publication No. 40.

106.



Engelmann, M.D. (1966) Energetics, terrestrial field studies,
and animal productivity. Adv. Ecol. Res. 3, 73 - 115.

Fitzpatrick, C.M. (1968) The population dynamics and
bioenergetics of the isopod Asellus aguaticus (L.) in

small freshwater pond. M.Sc. Thesis, University of
Durham.

Flannagan, J.F. (1970) Efficiencies of various grabs and
corers in sampling freshwater benthos. J. Fish. Res.
Brd. Can. 27 (10), 1691 - 1700.

Gilson, W.E. (1963) Differential respirometer of simplified
and improved design. Science 141, 531 - 532.

Greene, K.L. (1974) Experiments and observations on the

feeding behaviour of the freshwater leech Erpobdella

octoculata (L.) (Hirudinea: Erpobdellidae). Arch.

Hydrobiol. 74, (1), 89 - 99.

Halcrbw, K. & Boyd, C.M. (1967) The oxygen consumption and

swimming activity of the amphipod Gammarus oceanicus

at different temperatures. Comp. Biochem. Physiol.
233 - 242,

23,
Heiman, D.R. & Knight, A.W. (1975) The influence of temperat-
ure on the bioenergetics of the carnivorous stonefly

nymph, Acroneuria californica Banks (Plecoptera: Perlida).

Ecology 56, 105 - 116.

Hemmingsen, A.M. (1960) Energy metabolism as related to body
size and respiratory surfaces, and its evolution.

Reports Steno Memorial Hospital & Nordisk Insuline
Laboratorium IX, pt 11.

107.



Hilsenhoff, W.L. (1963) Predation by the leech Helobdella

stagnalis on Tendipes plumosus (Diptera: Tendipedidae)
larvae. Ann. Ent. Soc. Amer. 56, 252.

Huebner, J.D. (1973) The effect of body size and temperature
on the respiration of Polinices duplicatus. Comp.
Biochem. Physiol. 44A, 1185 - 1197.

Johansson, L. (1910) Zur kenntnis der Herpobdelliden,
Deutschlands. Zool. Anz., 36, 367 - 379.

Keegan, H.L., Poore, C.M., Weaver, R.E. & Suzuki, K. (1964)
Studies of Taiwan leeches. I. Insecticide susceptibility
- resistance tests. Bull. inst. Zool. Acad. Sinica.

3, 39 - 43.

Kleém, D.J. (1975) sStudies on the feeding relationships of
leeches (Annelida: Hirudinea) as natural associates
of molluscs. Sterkiana 58, 1 =~ 51; 59, 1 - 20.

Kleém, D.J. (1976) Leeches (Annelida: Hirudinea) found in

North American molluscs. Malocal. rev. 9, 1/2, 63 -
76.

Klekowski, R.Z. & Duncan, A. (1975) Review of methods for
identification of food and for measurement of
consumption and assimilation rates. In: Methods for
Ecological Bioenergetics. Eds. W. Grodzinski,

R.Z. Klekowski, A. Duncan. Blackwell Scientific

Publications, Oxford & Edinburgh, p. 227 -~ 261.
Lang, P.C. (1974) Macrofaune des fonds de cailloux du

Léman. Schweizoriske Zeitschrif fur Hydrologie 36,
301 - 350.

108.



Lawton, J.H. & Richards, J. (1970) Comparability of
Cartesian diver, Giléon, Warburg and Winkler method of
measuring respiratory rates of aquatié invertebrates in
ecological studies. Oecologia 4, 319 - 324.

Laybourn-Parry, J. & Strachen, I.M. (1980) Respiratory

metabolism of Cyclops bicuépidatus (sensu stricta)

(Claus) (Copepoda: Cyclopodia) from Esthwaite Water,
Cumbria. Oecologia 46, 386 - 390.
Learner, H.A. & Potter, D.W. (1974) Life history and

production of the leech Helobdella stagnalis (L.)

(Hirudinea) in a reservoir in South Wales. J. Anim.
Ecol. 43,(1), 199 - 208.
Lindeman, V.F. (1932) Respiratory regulation in the leech

Hirudo medicinalis. Physiological Zoology. V.4,

560 - 565.

Lindeman, R.L. (1942) The trophic-dynamic aspect of
ecology. Ecology 23, 399 - 418.

Low. N.F. (1982) Rutland Water, raw water quality
problems and management. Hydrobiologia 88, 93 -~ 101.

Mace, T.F. & Davis, C.C. (1972) Energetics of a host-

parasite relationship as illustrated by the leech

Malmiana nuda, and the shorthorn sculpih Mvoxocephalus

scorpius. Oikos 23, 336 - 343,

Macfadyen, A. (1967) Methods of investigation of product-

ivity of invertebrates in terrestrial ecosystem. In:

Secondary Productivity of Terrestrial Ecosystems.

(ed. K. Petrusewicz). Warszawa-Krzkov, pp. 383 - 412.

109.



Mackey, A.P. (1976) Quantitative studies on the chironomidae
(Diptera) of the rivers Thames and Kennet. Arch. Fur.
Hydro. 18, (2), 240 - 267.

Macphee, F.M. (1971) The distribution of leeches (Hirudinea)

in the river Clyde, Lanarkshire, with notes on their
ecology. Glasg. Nat. 18, 535 - 538.

Maitland, P.S. & Kellock, E. (1972) The freshwater leeches

(Hirudinea) of Orkney. Glasg. Nat. 18, 558 - 564.

Maitland, P.S. (1964) Hemiclepsis marginata and Batracobdella

paludosa in Stirlingshire, with notes on the ecology

and morphology of the latter species. Glag. Nat. 18,
219 - 227.

Maitland, P.S. (1966) New vice-county records of leeches

(Hirudinea) in Scotland, with special reference to the

lower valley of the Aberdeenshire Dee.

Glasg. Nat. 18,
401 - 406.

Maitland, P.S. (1979) The distribution of zoobenthos and

sediments in Loch Leven, Kinross, Scotland. Arch.
Hydrobiol. 85 (1), 98 - 125.

Mann, K.H. (1951) On the bionomics and distribution of

Theromyzon tessulatum (O.F. Muller, 1774) (= Protoclepsis

tessulatum). Am. Mag. Nat. Hist. 4, 956 - 961.
Mann, K.H. (1952)

A revision of the British leeches of the

family Erpobdellidae, with a description of Dina lineata

(0.F. Miller 1774) a leech new to British fauna.

Zool. Soc. 122, 395 - 405.
Mann, K.H. (1953)

Proc.

The life history of Erpobdella octoculata
(L.). J. Anim. Ecol. 22, 199 - 207.

110.



Mann, K.H. (1955) Some factors influencing the distribution
of freshwater leeches in Britain. Verh. Int. Ver.
Limnol. 12, 582 - 587.

Mann, K.H. (1956) A study of the oxygen consumption of five
species of leech. J. exp. Biol. 33, 615 - 625.

Mann, K.H. (1957a) A study of a population of the leech
Glossiphonia complanata (L.). J. Anim. Ecol. 26, 99 -
111.

Mann, K.H. (1957b) The breeding, growth and age structure,

of a population of the leech Helobdella stagnalis (L.).

Jq Anim- ECOl. _2_6_’ 171 - 177.

Mann, K.H. (1961) The oxygen requirements of leeches

considered in relation to their habitats. Verh. Int.

Ver. Limnol. 14, 1009 - 1013.

Mann, K.H. (1962) Leeches (Hirudinea). Their structure,

physiology, ecology and embryology. Pergamon Press.

Mansfeld, W. (1934) 2Zur Kenntnis der Hirudineenfauna

Lettlands. Korr. Bl. Natf.-Ver. Riga 61, 156 - 167.

Mason, W. (1970) Artificial substrate, sampling macroinverte-
brates in polluted reach of the Klamath River, Oregon.

J. Wat. poll. C. 42, (8), 315 - 328.

Mathers, C.K. (1948) The leeches of the Okoboji region.
Iowa Acad. Sci. 55, 397 -~ 425.

McCarthy, T.M. (1975) Observations on the distribution of

the freshwater leeches (Hirudinea) of Ireland.
RoIcAo _”_S_B, 401 - 451.

Proc.

McFarlane, A. & McLusky, D.S. (1972) The oxygen consumption

of chironomid larvae from Loch Leven in relation to

temperature. Comp. Bioch. Physicl. 43a, 991 - 1001.

111.



McLachlan, A.J. (1969) Substrate preferences and invasion

behaviouf exhibited by larvae of Nilodorium breribucea

(Chironomidae) under experimental conditions. Hydrobiol-
ogia 33, 237 - 249.

Meyer, F.P. (1969) A potential control for leeches. Prog.
fish-cultur. 31, (3), 160 - 163,

Milbrink, G. & Widerholm, T. (1973) Sampling efficiency of
four types of mud bottom samplers. Oikos 24, 479 - 482.

Moore, J.E. (1964) Notes on the leeches (Hirudinea) of
Alberta. Nat. Mus. Canad. Nat. Hist. papers 27, 1 - 5,

Moore, J.E. (1966) Further notes on the Alberta leeches
(Hirudinea). Nat. Mus. Canad. Nat. Hist. papers 32,

1 -11. |

Moore, J.P. (1912) The leeches of Minnesota. Part III.
Classification. Zool. Series J, 68 - 150.

Moore, J.P. (1959) Hirudinea. In Freshwater Biology. 2nd ed.
H.B. Ward & G.C. Whipple, eds. New York, 549 - 557.

Moore, J.W. (1979) Diversity and indicator species as
measures of water pollution in a subarctic lake.
Hydrobiologia 66 (1), 73 - 80.

Moore, J.W. (1980) Factors influencing the composition,
structure and density of a population of benthic
invertebrates. Arch. Hydrobiol. 88 (2), 202 - 218.

Murphy, P.M. & Learner, M.A. (1982) The life history and

production of the leech Erpobdelia octoculata

(Hirudinea, Erpobdellidae) in the river Ely, South
Wales. J. Anim. Ecol. 51, 57 - 67.

112'



Nagabhushanam,R. & Kulkarni, G.K. (1977) Effect of some
extrinsic factors on the respiratory metabolism of the

freshwater leech Peocilobdella viridis: oxygen tension,

pH and salt concentrations. Hydrobiologia 56 (2),
181 - 186.

Nalepa, T.F. & Thomas, N.A. (1976) Distribution of macro-
benthos species in Lake Ontario in relation to source
of pollution and sediment parameters. J. Great Lak.
Res. 2, 150 - 163.

Newell, R.C (1973) Factors affecting the respiration of
intertidal invertebrates. Amer. Zool. 13, 513 - 528,

Nilson, L.M. (1974) Energy budget of laboratory population
of Gammarus pulex (Amphipoda). Oikos 25, 35 - 42.

Ostle, B.R. (1963) sStatistics in Research. Iowa State
University Press, Iowa.

Olive, H.J. & Dambach, A.C. (1973) Benthic macro invertebrates
as index of water quality in Whetstone Creek, Morrow
County, Ohio (Scioto River Basin). The Ohio Journal
of Science, 73 (3), 129 - 149,

Paine, R.T. (1971) Energy flow in a natural populationof

the herbivorous Gastropod Tegqula funebralis. Limnol.

Ocean. 16 (1), 86 - 98.

Pamatmet, M.M. (1969) Seasonal respiration of Transenella

tentilla Gould. Amer. Zool. 9, 418 - 426.

Patrick, R. (1949) A proposed biological measure of the
Conestoga Basin, Lancaster County. Pa. Proc. Acad.
Nat. Sci. Phila. 101, 277 -391.

Pawlowski, L.K. (1936) 2Zur Okologie der Hirudineen fauna

der Wigregseen. Arch. Hydrobiol. Rybect. 10, 1 - 47,

113.



Petrusewicz, K. & Macfadyen, A. (1970) Productivity of

terrestrial animals, principles and methods. IBP 13,

190 pp.
Phillipson, J. (1963) The use of respiratory data in

estimating annual respiratory metabolism, with

particular reference to Leiobonum rotundum, Oikos 14,

212 - 223.
Phillipson, J. (1964) A miniature bomb calorimeter for
small biological samples. Oikos 15, 130 - 139.
Phillipson, J. (1966) Ecological Energetics. Institute of
Biology Studies in Biology. E. Arnold, London.
Phillipson, J. (1975) Introduction to ecological energetics.
In: Methods for Ecological Bioenergetics. (eds.
W. Grodzinski, R.Z. Klekowski & A. Duncan). Blackwell
Scient. Publ., Oxford, Edinburgh, p. 3 - 13.
Prus, T. (1970) Calorific value of animals as an element
of bioenergetical investigations. Pol. Arch. Hydro-

biol. 17 (30), 183 - 199.

Prus, T. (1972) Energy requirement, expenditure and trans-
formation efficiency during development of Asellus
aguaticus (L.) (Crustacea, Isopoda). Pol. Arch. Hydro-
biol. 19, 97 - 112. | '

Prus, T. (1977) Experimental and field studies in ecological

energetics of Asellus agquaticus L. (Isopoda). Ekologia
Polika 25 (4), 593 - 623.

Ramamurthi, R. (1968) Oxygen consumption of the common

Indian cattle leeCh, Hirudinaria granulosa to osmotic

stress. Comp. Biochem. Physiol. 24, 283 - 287.

114.



Rao, B.M. (1980) sStudies on the oxygen consumption of a
tropical intertidal limpet Cellana radiata (Born):
Effect of body size and tidal rhythm. Hydrobiologia
71, 175 - 179.

Rao, R.K. & Bullock, T.H. (1954) Qlo as a function of size
and habitat temperature in poikilotherms. Amer. Nat.
838, 33 - 44.

Rawson, D.S. (1947) An automatic Ekman dredge and other

equipment for use in extremely deep water. Spec. Pub.
Limn. Soc. Amer. 18, 1 - 8.

Ruggiero, M.A. & Merchant, H.C. (1979) Water quality,
substrate, and distribution of macroinvertebrates in the
Platuxent River, Maryland. Hydrobiologia 64 (2), 183 -
189.

Sapkarev, J.A. (1968) The taxonomy and ecology of leeches
(Hirudinea) of Lake Mendota, Wisconsin. Trans. Wisc.
Akad. Sci. Arts and Lett. 56, 225 - 253.

Sarras & Rameaux (1938) Memoire addresse d l'Academie Royale.
Bull. Acad. Roy. Méd. 3, 1094 - 1100. |

Sawyer, R.T. (1968) Notes on the natural history of the
leeches (Hirudinea) on the George Reserve, Michigan.

Ohio J. Sci. 68 (4), 226 - 228.

Sawyer, R.T. (1972) North American fresh water leeches,
exclusive of the Piscicolidae, with a key to all species.
University of Illinois Press, Urbana. '

Sawyer, R.T. (1974) Leeches (Annelida: Hirudinea). In:

Pollution Ecology of Freshwater Invertebrates (eds.

C.W. Hart Jnr. & Fuller, S.L.). New York.

Press, pp 81 - 142.

Academic

115.



Scudder, G.G.E. & Mann, K.H. (1969) The leeches of some
lakes in the southern interior plateau region of
British Columbia. sSyesis 1, 1/2, 203 - 209.

Slobodkin, L.B. (1960) Ecological energy relationships at
the population level. Amer. Nat. 94, 213 - 236.

Slobodkin, L.B. (1962) Energy in animal ecology. Adv.
Ecol. Res. 1, 69 - 101.

Sobs, A. (1966) Identification key to the leech (Hirudinoidea)
genera of the world with a catalogue of the species.
III. Family: Erpobdellidae. Acta. Zool. Acad. Hung.
12, 371 - 407.

Sobs, A. (1967) On the leech fauna of the Hungarian reach
of the Danbue (Danubialia Hungarica, X211). Opusc.
Zool. Bud. VII, (2), 241 - 257.

So6s, A. (1969) Identification key to the leech (Hirudinoidea)
genera of the world, with a catalogue of the species.
VI. Gamily Glossiphoniidae. Acta. Zool. Hung. 15,

397 - 454, |

Sobds, A. (1970) A zoogeographical sketch of the fresh-water
and terrestrial leeches (Hirudinoidea). Opusc. Zool.
Bpest. 10, 313 - 323.

Southwood, T.R.E. (1978) Ecological methods with particular
reference to the study of insect populations. London,
Chapman & Hall.

Streit, V.B. & Schréder, P. (1978) Dominant benthic
invertebrates in the stony littoral zone of Lake
Constance: Phenology, feeding, ecology and biomass.
Arch. Hydrobiol. 2, 211 - 234.

Taylor, L.R. (1961) Aggregation, variance and the mean.

' 116.



Tillman, D.L. & Barnes, J.R. (1973) The reproductive biology
of the leech H. stagnalis (L.) in Utah Lake, Utah.
Freshwater Biology 3, 137 - 145.

Thilt, R.N. (1969) Bottom fauna of Lake Washington.
Ecological Monographs 39 (1), 95 - 100.

Tucker, D.S. (1958) The distribution of some fresh-water
invertebrates in ponds in relation to annual fluctuat-
ions in the chemical composition of the water. J. Anim.
Ecol. 27, 105 - 124.

Umbreit, W.W., Burris, R.H. & Stauffer, J.F. (1972)
Manometric and biochemical techniques. 5th ed.

Burgess Pub. Co., Minneapolis.

Vernberg, F.J. & Vernberg, W.B. (1970) The animal and the
environment. Holt Rinehart & Winston Inc. New York.
398 pp.

wWaitzbauer, W. (1978) Studies in energetics and population

dynamics of the water scorpion Nepa rubra L. (Insecta:

Hemiptera). Oecologia 33, 235 - 253.

Weigert, R.G. (1968) Thermodynamic consideration in animal
nutrition. Amer. Zool. 8, 71 - 81.

Welch, H.E. (1968) Relationship between assimilation effic-
iencies and growth efficiencies for agquatic consumers.
Ecology 49 (4), 755 - 759.

Wilkialis, J. (1964) On the ecology and biology of the

leech Glossiphonia heteroclita F. Hyaline (O.F. Miiller).
Ekol. pol. 17, 315 - 323,

117.



Wilkialis, J. (1970) Some regularities in the occurrence

of leeches (Hirudinea) in the waters of Bialystok

region. Ekol. pol. 18, 647 - 680.
Williams, R.G. (1961) The distribution of freshwater leeches

in the Glasgow region, with notes on their ecology.
Glasg. Nat. 18, 136 - 146.
Wrona, F.J., Davies, R.W. & Linton, L. (1979) Analysis of

the food niche of Glossiphonia complanata (Hirudinoidea:

Glossiphoniidae). Can. J. Zool. 57, 2136 - 2142,
Wrona, F.J., Davies, R.W., Linton, L. & Wilkialis, J. (1981)

Compétition and coexistence between Glossiphonia

complanata and Helobdella stagnalis (Glossiphoniidaw:

Hirudinoidea). Oecologia 48, 133 - 137.
Young, J.0. (1980) A serological investigation of the diet

of Helobdella stagnalis (L.) (Hirudinea: Glossiphoniidae)

in British Lakes. J. Zool. Lond. 192, 467 - 488.
Young, J.0. (1981) A serological study of the diet of

British lake dwelling Glossiphonia complanata (L.)

(Hirudinea: Glossiphoniidae). J. Nat. Hist. 15, 475 -
489.

Young, J.0. (1982) A comparative study of the food niches
of lake-dwelling triclads and leeches. Hydrobiol. 84,
91 - 102.

Young, J.0. & Ironmonger, J.W. (1979) The natural diet of

Erpobdella octoculata (L.) (Hirudinea: Erpobdellidae) in
British lakes. Arch. Hydrobiol. 87 (4), 483 - 503.

118.



Young, J.0. & Ironmonger, J.W. (1980) A laboratory study of
the food of three speciés of leeches occurring in
British lakes. Hydrobiologia 68 (3), 209 - 215.

Young, J.0. & Ironmonger, J.W. (1981) A quantitative study
of the comparative distribution of non-parasitic leeches
and triclads in the stony littoral of British lakes.
Int. Rev. Hydrobiol. 66 (6), 847 - 862,

Young, J.0. & Ironmonger, J.W. (1982) The influence of
temperature on the life cycle and occurrence of three
species of lake-dwelling leeches (Annelida: Hirudinea).

J. Zool. Lond. 196, 519 - 543,

119.



APPENDIX A



cn

Cco

S|

\0

in

o
&

4
ig

COO0O0O00D00OCOCOO0OO0OO0O0OCOOO0

%OCQCTt'_O 'r-CT 'CT'CT'Cr' CT]':_CT];_CTh‘_

b a *»

3
<

gy

U
[o]



00 ™M M ™

00 @ -T A
VO b M o«

in

m™ (e
in B o« -J vO ro M ™ ™ T
a O o co co 0O »  » o
™ in  «
™
™M & <~ ™ -T
™ cT> = ™ r -
= = a1 ol
in  » t ¢¢] a1
™M - — e
o a1
In (0] .
» ™ & in O
o
00
h ™M - 3
0 W M in ro
in o™ o <r M
'T o o
n e
Gd « ™M o
™M « © [e 4 <r L o
w en
in
< oY
n ™ en
o™

in

in

en

en

c

00

en

00

in

co

in

\O

00

00

in

Y

en

in

in

00

in

b-b-t— 0000CO00000000000O00OCOOOC7NC7>CT'CT'C7iC7>0CT'C7"
= t e = c e e & t - c* c

SIS SH 85181 FRFPRR L g eeri - A3 IF(43Y



] -4 400

& & & & b o7
_ 5 8 ooy
v g
S oh
b my
b M
& B )
¥ [ ob
& 8 84 o
8 MOn
2] § ¢ 8b
5 9 Sy g
4 5 A = B sb #n
8 v 8 &b
v g 2 v 8b
& 8 8 Ae
Y 2 <8 b HBy
Lo b
<N
& o P
TN
XX ox M X X X X XX X X Po
X% XX XX XX MM X X =)
o B 8 & g 5 49 &

0B Vo Booo Sv Buss 0e2 wo 8290 02]: @ ud ARz 3088 g o B 4o s o z83



APPENDIX B



0°9 €8¢ €9y LLs Zv° 8¢ 61" %% Z1-11
s €1°6€ €S 4y 6€°S 84" 6€ L84y 11-01
8¢ 6L 8€ 65"y wL'¢ Sy 8¢ 61" 9% S 0T-01
vl Ly LE 189y 76°L S8 LE LL°SY  (9)S°0T1-01
8€°¢ 7€ 6€ LYYy 9°¢ S 6€ 1°6y S 6-6
61°6 ¥€° 6 €S 4y 20°¢S 82" 6€ €9y < 6-6
€9°9 SHLE 80" %% 66°S 1€°8€ € 9y s8-8
¥6'¢ 8 8¢ vE vy 68°S 1L°0% 9° 9y (v)S 8-8
€6°S 00°6€ €64y 12°6 £8°6€ %0°SY S L-tL
€%°¢ 18°8€ € Yy 1°6 6€° 6¢€ 94y S L-L
L%°s Z1°6€ 6S Y L8°% %€ 0% 12°6Y L-$'9
96" % 8°6€ 9L 4y 86°¢ 61°0% LLSY (9)L-S9
192°€ = X 8L9°€ = X
<0°¢ 6% 98" 6€ 9L 4y 6€°% 12°¢ 110y zE°SY S €-€
mm.m 68°¢ £€6°8€ CRL, Mm.m 10° 75" 09 £ Y ¢ E-€
h-g vy €170 €S 4y 26-¢ v2'¢ $6°8€ 61° 9% S ¢g-¢€
A 8y 87" 6€ 80 ¥y ¢ 9L % 6L° 0% SS9y (9)S €-€
S0 € 6%° 2
91°¢ 68°€ L8°0Y 9L 4y 81" % 8€" 4 £6°0% €€°SY § 2-2
81°¢ LSy L0 0Y %9 4y 162 6% Y v2°0% L%y §'T-T
S0°€ Ly 9¢° 0¥ €S 4y 86" % 05" % €6°0% £9°GY §z-2
16°€ 6% L6°6€ (8" %Y 9L ¢ vE'€ €S 1Y L8 %Yy (v)S z-2
sso] 12putewa (3w) pappe sso| ldputeuwsa (3u) pappe
1013U0) pood pooJ pooJg 1013u0) poog pooJd pood (8u)
- sS®})
jyiep 1y91 - Y311 1yg ds jaep ayg - Y3ty I1Y9f 1y31opM
1 319Vl

*3y8tem Lap/Sw :pooj 3Jo 3y3iam aya pue 3yd1om aAry/Su
Y2237 3Jo 3yS1am 9yl ‘saanjeaadwal JUBIIJIIP 921yl 3B ST[EUSEIS 'H Yd99] 9yl 10J uoridwnsuod pooj 3O UOTIIBWIISE - g XIANEddY



S1°8 S0°9¢ 0T %% 9L %6°9€ LI A 71-01
9v°8 78°6¢€ 0€ 9% LL €8°9¢ €S 9% 11-01
7°8 7°9¢ 0% 9% 89°9 20°8¢€ LYY S 01-01
6L 88°9¢€ 8L Y 8L L0° L€ L8 %Y (7)S°01-01
9L 6°9¢ 0S¥ AN £ LE Sy S 6-6
L 96 LE 99 4% 1L € LE AL S 6-6
8L LS 9€ LE Yy 89 $9°LE SHuy S 8-8
1€°¢L %0 LE SE Y 1L IAANAY [ANRL (v)5 8-8
v L 0°LE AR A L 7°LE VAL S L-tL
$9°9 9L LE 9y 89 8 L€ 9° 4% S L=t
1t ST LE ST 9y L9 9 L€ €4y L-5"9
16°9 v LE 1€° %Y €L 6°9¢ 12 9% (7)L-5"9
%19°€ = €66 = X
Y'Y 79 €8¢ S Yy 69°¢ 18°S 6% 8¢ £ 4y S-G9
61°¢€ %9 0°8¢ v 4y 1€ 16°S 69°8¢€ 9% G-G'%
AR 26°$ 8¢ 8¢ €9y 7€ €979 S8 LE 84 %Y S €-¢
Y€ 1679 62 8¢ 8 4y 15°¢€ 12°L 87° L€ S 4y (75 €-¢
¢S ¢ 78°¢€
LL e 6L"€
Yy Sy 1170 19° %Y L9°¢ Y'Y %T 0% 99" %Y S z-t
96°¢ 8% £6°6€ €LYy 68 ¢ 98" % 00°0% L8 %% S t-2
81°¢ £°¢ £6°6€ €LYy 96°¢ L6°Y 7€ 6¢€ €9y S T-1
69°¢€ 6°S %0°6€ 96" 9% ve'Y €1°9 96" LE 19y S -1
$SO7 lapulewaa (8w) pappe ssof I3putewax (8u) poppe
1013009 pooJ pooyg pooJg 1033u0) pooJd pooJ pooJ (3w)
sseid
A1ep 1y91 - Y31y 1yg :shep ¢ pug 201 y3topm

azep 1yg - YT ay9y :skep ¢ 3Is|

¢ 314Vl



v €1 8°0¢ 0z %Y €01 €2 9¢ €S 9y Z1-11
86 96 %€ 9L 9% AR 1€° 1€ 1S9y 11-01
6°01 8% €€ 8€ " %Y Lzt £2°2¢ £6° %% 11-01
IARN g €e LY L8 ST 9¢ L84 (9)11-01
£°6 19°6¢ L% 1°6 S gg 9" %% 6-8
1°6 A1 SE Yy L8 LS¢ v 4y 6-8
8°8 §6°GE SE WYy 1°6 L S€ 8" 4y '6-8
68 98°G¢ 9L %y S8 v 9¢ 16" %% (%)6-8
v L €1°L€ €S 4y 8°8 61°9¢€ 66" %% S L-S'9
€8 8%°9¢ 8L %% 12°8 €L°9¢€ 96" 4y L-$°9
6°8 1°9¢ Sy 1$°8 96°S¢€ LY 9% L-$°9
76 1°6€ € 9% €€ '8 6S°9¢ L8 %Y (9)L-S"9
96L°% = X 919°% = X
€T Y 1'8 S 9¢ 9" 4% 6% % 79°L 89°9¢ 0€" %% S h-y
LY 1°6 _ 9 6¢ LY v € %€ 6 8%°¢¢ 8% S 9=y
88"y €L 61°LE AN 00°S S6°L €1°9¢ 80 Y% S €-¢
€Sy 6¢°8 8%°9¢ L8499 78°€ 19°¢L 6°9¢ 159y (9)6 ¢-¢
1S w6 Y
9%°¢ 06°€ .
1859 z'9 1°8¢ £ 4 %g€'9 26°9 81°8¢€ 1°6Y S 2-7
Y 60° L 1 L€ 61" %% Lz's L9°L €6°9¢€ 9" 4% S 2-T
98 % L 1°L€ €99 £€9°Y S6°L 1€°9¢ 92" %Y 6 T-7
6% 91 L 8 LE 96" %% cey 66°S 1€°8€ . € v § -2
§$SOT umvﬂ«mEmp AwEv poppe S§SO01 HovamEmh AMEv peppe
10ax3u0) poodg poog pooJg 10x13u0) pood poog pooyg AwEv
SSel)
jaep 1491 - 34317 1yg 2 st jiep 1yg - IY311 1Yy9] y8rapm

£ 378Vl



LLYy (v tl wTLL 16°8 %S L9 S%'9L 08-0L
%6 ¢ ce°SL 97°8L 1€°8 L0 69 8€ LL 08-0¢
9% ¢ L8 %L €e€-8L 06" L 0T 0L 0L LL 08-0L
6C°6§ 17°2L 86 LL 8G6°9 00" 1L 8G LL £ 08-0L
8¢l 8% %9 0€°LL 1¢°01 ¢1° L9 €€ LL 09-06¢
1€° €1 16°%9 87 LL SH° 11 00°69 S%°9¢ 09-06
12 11 L°69 16°9¢ L0711 6L°%9 £€2°9¢ 09-0S
1°%1 %T°¢€9 7e LL 10°6GT 10°29 ¢0"LL S 09-06§
¢'G 8°1¢L € LL t8°6 167 L9 £Ee LL 0%-0¢
1S L 1L 8°9¢L 1L°01 81°69 68°GL 0v-0¢
BT T = X 1L°9 12" 1L 6" LL cee ¢ LG0T €%°69 00°9¢L 0v-0¢
- €€ 9 LS 0L 6°9¢L 8°01 %%°99 7T LL S 0%-0¢
%6°0 1€°9
0L"0 1T°¢ AR YA 7%°91L 8¢ VA A GE"89 68°GL 0C-61
68°0 9% ¢ 90° €L ¢5°9L 8y 96°¢ 8€°0¢L 7€°9L 0CZ-S1
Gt 1 ST'9 91" 1L €CLL GGy 6%°6 86°L9 (v LL 0C-ST1
[ £S°¢ L TL €T LL (49 18°01 £%° 66 9T LL S 0C-61
67 ¢ L6°¢
0% 1 ©6°¢C [ Y 97°8L 19°9 08°6 99°99 0%°9¢L 01-¢
¢%°0 88°¢C LL°SL 09°8L ¢9°9 78°8 0G6°L9 7€°9L 01-¢
91 6G'¢ 6%°CL %0°8L %9 Le°8 o%° L9 LL° 6t 01-¢
9¢°0 €9 LL 69 00°9¢ 59 9°L 1¢°0L 18°LL 0t 01-¢
sso1 laputewalx pappe SsO I3puTEWaX pappe
1013U0) pood pooyd pood 1013U09) poog pood poog
sayodaal SSetd

(0,6)%18P IY9T - IY3TT 1yg

(0,6)%1ep 1yg

IY3TT Y91

jo "oN 1y31apM

VARCHEAAS

"3y8tem Kap 3w utr poo3j jo 3yStem sy3z pue IY3TAM dAT] 3w uT Yd33] jJo 3Iy3ram ayg

D — e B

"saanjeaadwal JULIIJJTIP 991yl 3jB BIB[ND03D0

*d Yo33] 9yl i0j3 c0aua69wsou pooO3 3O uotlewilIsy - g XIANIAAV



§%x Bew 0%
g good %0n o0
©Xaz toeo

Xo0o0

—

X000
- b3
&= e

-

ol:
CGontigo

foof

Boge

JooH

XXz RagN M p G4 Baa™
rewafpEex

8
"o ot
L= @Ao0™o8
goou
aog?

Wo ma™
clpgs

mOgXE

O' un <r un un CN Cd CN CN O
m o ~:i-dd" cNnenvo 00o cN

Q' oo vocwo O n- 00

d end N 1 Nl
woo «x GANN deadm FNnH Do

S oW GEEN WRE BlBim owed

ﬂﬂnoo;' éﬁgﬂ%ﬂg g;&%ﬁﬂi 5&:3&1 &H%figi
wHO-d @ WE BIhde &EE STDD

I-H ml—ﬂ I-H
nondg ey 3T JFEE Gdada
= ll%i%: CDd%lnr F:Bdafg %HW%;w

00 00 QN Hm H
mOr~HOo HH«dvo O

Imd'd0' o O V=T

0o

88%m VL= BHTw JENT I

S enq @ w0l B PR, dwdd

I-H ¢H m m w
g%m% m00 a'\]% 811‘1%}? O gl en :Iﬂg en en
O (0O WO N
(N© uxlo‘omw %:8%% ‘D(u VOO lglmwlg ‘D\De‘be‘l)n

A H_ W O BN
WoR., 8omd wla® Name. SHdim

CRXsE PRER POPF EfFeE PP

|
=

0200 g8&& 3933 2222 2999
NNN®N gy 0000 gooo ooog



mA g XE

890

«
i

X Sow qax‘:

=
o

g

-0

LY ES

x

on
o

SonXxo

g'oo
£o g

gooé

xgHSEO g

TJ
TJ

C:O(-)Nxoi

8

Yoo
o= =

Qoog
kg <

d o'

m + (—pP o' O

r-1

o'

LN

g% 7O

00
un

g o
8o

-1 CN d
CM CN un

00 vo ©'

I-H i-H I-H

re P
CN O CN

< ¥ oo
un vo un

I-H en I-i
d CN 00

P P P
P P P

E'U

(@)

rH

vO

CN

vO

rH
I-H

I-H

CN

p
P

MQMm O'O m
orMd P oroop OO O

CcM

CN

CM en CM
m end

vo en HH
rH H

i ten 00
un O0' d

cM d un
MO MO vO

en vo o
00 CM O'

00 00 vo

vO rH

p 5 HA

CN P 00

und d
f-H f-H rH

en o
©d vo

CN CN CN
VO VO VO

un

(o]
:rrzo
e Q

zO

<] Q
:!"'Zo
<]
B8R

it
"
|
m
»«
i
m

en

en
vo

L)

00

00

un
Vo

I-H

H8

0o

o cOp
r-H

CM

00

en

o'

CN en CN

CN ¥H rH £H

CN o'
00 VO d

MO en O'
un vO un

Q
OZ
on

L
g o
S ©
" Yo

o'
©'

00

CM CN en
p ©Od

©' un 00

f-H f-H I-H

o' ©
d d ©

un vo un

un

po
po
po

O O O
en en en

un
p~

o
vo

vO

" og

)
£

00
vo

©

un

d

CN m

IH

en O 00
CM rH rH CN

00
-1

d
un

CN
CN

L LE

n&o

e 0
E]

o'

P

p. fHen

00 (©'
un un

o (0

CN ©
ri d

00 00

r-H I-H

©' un

un co

© ©

hgo
h o

£ 0

E]
e 0

P
un

P

‘oo

I-H

CN

00

rH

CN

I-H

©

un

en

o

=H

L)

en
CM

vD

I-H

en
cn

CN
vO

CN

vO
en

en
vO

vO
un

vo

©
CN

vO

rH

vo
vo

r-1 CN

£ (¢

d
©

©'
un

L1
©

en
vo



9 0L-09 0 0 9 0L-09
9 0L-09 0 0 9 0L-09
9 0L-09 0 0 9 0L-09
9 0L-09 0 0 9 (%)0L-09
(681-081) (¢81-081)
9 Syv-0% 0 0 9 06-0%
9 SH-0% 0 0 9 06-0%
9 Sv-0Y 0 0 9 06-0%
9 (%)sy-0% 0 0 9 (%)05-0%
(1L1-0L1) (te1-o0L1)
0 9 GT-02 0 0 0 9 §t-0¢
0 9 9 GT-0¢ 0 9 0 0 9 €Z-0t¢
0 9 9 6t-01 0 9 0] 0 9 gt-0¢
0 9 9 (%)sz-0t¢ 0 9 0 0 9 (%)sz-0¢C
0 9 0 9
0 9 (691-091) 0 9 (691-091)
0 9 0 9
0 9 0 0 9 S1-01 0 9 0 0 9 S1-01
0 9 0 0 9 S1-01 0] 9 0 0 9 S1-01
0 9 0 0 9 S1-01 0] 9 0 0 9 S1-01
0 9 0 0 9 (")s1-01 0 9 0 0 9 (%)s1-01
(091-061) (091-061)
yooaj Kep Sseyd UEEER] Kep sseyd LY EEER
31 PaPPY /ua31ed /42931 In yawa jo ou Muwo PaPPY juajes /Yy2991 M yiim jo rou
~TE3I0K sy1eus Juaied pappe PERY,) -18310K s{1eus /uaiea pappe yatmm
jo s{teus s1teus sseyd jo s{teus sT1eUS sseld
1013u0p in Lxp Su jo -oN jo ON Iy31ap 101310y M Lip 8w 3jo ‘oN jo ‘ON 3y8S1ap
j1ep 1491 - 3IY3TT 1yg (05S 3®) 1ep 1uyg - Y8BT 149l
L 3T9VL
-saanjexadwal Jua19JJTIp 991yl 3B BIEUEB[AWOD H Y233 3yl ioj uoridwnsuod pooj Jo uollewilsy - g XIANIIAY



0 9 1 9 (%)0L-09
0 9 I 9 (v)0L-09
1 9 0 9 (¥)0L-09
1,670 170°0 1 9 1€6°0 %0°0 0 9 (v)0L-09
(681-081) (S81-081)
0 9 0 9 (v)05-0%
0 9 1 9 (%7)05-0%
1 9 0 9 (v)os-0v
68°0 v0°0 1 9 68°0 Iv0°0 1 9 (%)os-0v
(SL1-0L1) (SL1-0L1)
0 0 9 0 0 9 (%)6z-0C
0 9 0 9 0 9 0 9 (v)st-0t
0 9 1 9 0 9 1 9 (7)st-0t
0 9 §8°0- v70°0 1 9 0 w ¢80 v0°0 I 9 (#)sz-0t
0 9 0
0 9 ($91-091) 0 9 (S91-091)
0 9 0 9
0 9 1 9 0 9 o 9 (v)S1-01
0 9 I 9 0 9 1 9 (7)s1-01
0 9 0 9 0 9 1 9 (v)s1-01
0 9 870 iv0°0 0 9 0 9 z8°0 I%0°0 0 9 (¥)s1-01
(091-0S1) (091-051)
skep ¢ sdep ¢
yo99g /sayod3ag SSEB1D yo297 /sayl2g sseyd $aydaa7
juaie?d anoj IM Yyiia juajea inoj M Yiim jo ‘ou
sjteus Kep Juaied pappe siteus fep juaied pappe yita
£31 Jo /423371 syteus syteus L3t Jo /Y2931 s]teus s{teus SSe1d
-1B33I0K [023u0) 3IM Kip 3w juesy 10 ‘ON -1e3310 [013u0) 1IM Kip Suw Jueay jo ‘ON jo ‘oN 1y31oM

30 ‘oN

j1ep IYy9l - 3IYSTT 1yg

(0,01 3®) saep 1yg - 43T 149l

8 d14Vl



- LYY 1 9 (v)0L-09
w w wmlww Gt'0 I 9 (%)0L-09
1 9 0L-09 S0 I 9 (7)0L-09
801°0 1 9 cL-C9 g01°0 S0 A 9 (%)0L-09
(681-081) (G81-08T1)
4 9 06-0% st'0 1 9 (%)05-0%
1 9 06-0% S0 1 9 (%)0s-0%
4 9 06-0% S0 4 9 (7)05-0%
801°0 1 9 06-0% 801°0 [} 4 9 (7)05-0%
(SL1-0L1) (SLT1-0L1)
. - * = X
§0°0 = X 1 9 (%)52-02 S0°0 = % 50 z 9 (%)52-02
0 9 1 9 (v)sz-0t 1 9 (YA 1 9 (v)sz-0z
0 9 4 9 (v)sz-0t2 0 9 sT'0 1 9 (%)cz-02
1 N L80°0 1 9 (v)sz-0¢ w w L80°0 st'0 1 9 (7)cz-02
0
1 9 (691-091) 1 9 (691-091)
0 9 0 9
1 9 1 9 (v)s1-01 0 9 0sZ°0 1 9 (v)s1-01
0 9 1 9 (v)s1-01 0 9 0620 1 9 (7)S1-01
0 9 1 9 (v)S1-01 0 9 062°0 1 9 (%)61-01
0 9 (90°0 1 9 (")s1-01 1 9 L90°0 06T°0 1 9 (#)g1-01
(091-061) (091-061)
Kep
/Y2991 sayoaal sayoaag sayd9a]
Jua3e? " 3o ‘ou Lep inoj jo ‘ou
sT1eus uajed pappe yatm JAEEE]R sfep ¢ Jusjes pappe yatm
L3t jo sT1eus sT1eUS sseyd L3t Juajed Ju29931 s11eus sT1eUS sseyd
~-1B3I0K 1013U0)H ‘ou uesy 3JO °‘ON jo ‘oN IYy31aM -1e3I0K [OIJUO) "OU UBIY Jueay jo ‘oN jo "oN Jy81apm

A1ep 1y9r - Y31y 1yg

(0oST 3®) A1ep 1yg - 3uSTIT Y9I

6 I19V1



ABSTRACT Ecological Studiés of the Common Leeches of Rutland Water
~ by M.H. Majeed.

Three species of leeches (Helobdella stagnalis, Erpobdella
octoculata and Glossiphonia complanata)were studied in Rutland Water
(England) between September 1977 and October 1979. Samples were taken
by Ekman grab at monthly intervals and by hand collecting from unit
areas near the shore. For each sample, the number and size distribut-
ion was recorded of each species, and these data were used both to
analyse the effect of depth and substratum on distribution and to
provide base-line data on the life cycles and population structure
for estimating the parameters of the annual energy budgets.

The abundance and distribution were clearly related to
water depth and to the type of substratum.. Maximum densities were
recorded from July to October, while the lowest densities were recorded
in January to March.

The life cycle of both H. stagnalis and G. complanata
were predominantly annual, while E. octoculata took two years to
complete its cycle.

v The resplratlon rates of the three spec1es were determined
using a Gilson respirometer operated at 5 10° and 15°C. Oxygen
consumption increased with dry weight of leeches over all three temper-
atures, and in each species the three regression equations were signif-
icantly different from one another. The monthly respiratory metabolism
was calculated for each species by applying the regression equation for
the nearest temperature to the recorded population structure and from
these values, annual respiration was determined.

Food consumption was measured at 5°, 10° and 15°C’and
direct relationships between food consumption and both body weight and
temperatures were found. No effect of day length was demonstrated.

The apparent percentage assimilation was calculated, and was more than
90% in all three species. Monthly consumption was calculated by apply-
ing the appropriate regression equation of food consumption on body
weight to the data for population structure at the nearest temperature
to that in the field. -This value was multiplied by the apparent
assimilation efficiency to give the monthly assimilation rate and

- these values were summed to determine the annual a531m11at10n

Annual production for each species was calculated using
annual assimilation, minus annual respiratory metabolism.

Problems encountered in this study have been discussed.



