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INTRODUCTION

Leeches are among the most important fresh-water
predators, but the factors affecting their numbers and
distribnﬁion are not well known. Three of the most
&mpprf;nt pileces of original research into the ecology
of leeches are by Bemnike (1943), Mann (1955), and

Tucker (1958).

Bennike noted the presence or absence of leech
species in ponds, lakes, and marshes, and measured the
total élkalinity'of the water. He did not measure total
alkalinities from rivers, although he did note the presence
or absence of leech species. Mann related the total
‘alkalinity to the number of leeches caught per hour in 47
ponds and 11 streams or rivers. Both authors made some
copparisons between the leech faunas of different substrates,
Unfortunately, Bennike ?ompared stone‘and reed poyulationa
which did not come from,the,sameﬂlakes,o: rivers. Tucker (1958)
related the numbers of 1eechea and other 1nvertebrates caught-

per hour in 16 ponds to the calcium and magnesium concentrations,

gnd“the total alkalinity.



- JAN
.  Qn1y two estimates of the densities of leech
popuiaﬁioﬁa per unit area could be found. One was given by
Mann (1965), the other, based on three small areas of an

unspé§ified.substrate. by Bennike (1943).

Since the leech populations of 2low1ng waters have:
been less thoroughly studied than those of ponds. it was
decided to concentrate on the local rivers in the present
’wor&; Mean densities of leeches per square yard were
estimated to give figures which could be compared with those

for other animals.

The effect of substrate on leeches appears not to
havetbeen studied mubh; " It was therefore decided in the
Ipresént work to record the type of substrate from which
jéeches were collected. By recording the nature of the
substrate, misleading comparisons between different streams
were avoided. As far as possible the population densities
of leeches found were relcted to the nature of the substrate

end the chemical factors found.
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METHODS

Choice of 3ite

7he sites chosen were mainly in the river Jear or its
tributeries at or sbove Durham City. Vherever possible
a number of randomly chosen areas within an apparently
uniform substrate were searched for leeches. Any site
chosen was aprroximately uniform in current and'aubatrato.
In Whitewell Beck no attempt was made at random selection
because of the emsll sige of the stream and the absence
of anyvlarge areas of uniform substrate. ~ The size of
the arsas examined varied with the nature of the substrate,
but was kept approxim&tely constant for any one type of
substrate. Thie variation occurred hecause aress
covered with emall stones take longer to examine than

those covered with large onesc.

Larger samples were used to reduce the degree of

variation betwesn the samples.

S4tes were investigsted at regular intervals when
transport was readily available. It wes not possible

te meke regular visits to the sites above Bishop

Auckland .
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In the river Wear, all substrates present at depths
of less than 3ft were examined. In the other streams
stones resting on mud or sand, shingle, banks, and areas

covered by'sEarggnium erecta were examined.,

i4. Collecting and Counting

In stony sites all the stones within a measured area
were turned over, and all the leeches present were collected

or counted, The substrate benecath the stones was sieved

when erpobdellids were present.

Piants of Sparganium erecta within a measured area
were pulled up by the roots, and leeches were collecteé
from between the leaves.‘ _Ihe mud b9twgen the plants

‘was sieved to a depth of about 6in.. |

When,th;‘sqbstrate consisted of mud it was sieved

to a depth of about 6in. A qieyq with méshes 2mm apart

was used in all cases.

.Tﬁr;; éréas in the riQét:Bf§wney wéré.saﬁpied at
‘moﬂthiytiiterfgls to test whether r;peateﬁ sampling of
the same areas gave'mbre'accnrate estimationg of
_population qhapgps.than random sampling. = To reduce
the amount of disturbance, the mug'beneath the stones

was not e;aved.
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iid, AIdentification

. Individual leeches were identified with the help
of K.H. Mann's gey to British fresh-water leeches.
juri;gwthe first ‘two months'offtﬁé work ‘all specimens.
. we}e'takén to the lgboratories for identification
:undefftpe‘microscope. At the 'end 6f this period
it was ‘found that identificatioﬁs could be made
| accurately without a microscope, and'most¢idéntifieations

were made in the field,
iv. HEstimation of Numbers ~

.. The numbers of leeches per square yard was
calculated for each avea investigated. - If five or
more-areas of the same substrate at a given site were

- investigated within a period of ten days, the mean
density and the 95% confidence limits for the mean

and for individusl areas were calculated..

Arithmetical probability paper was used to test
whether the distribution of densities approximated
to a normal distribution. In the majority of cases
the distribution was transformed to a normal. The

transformation used is noted in each case.
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'Wheﬁ'bne or more of the areas at a site had no

) leeches of a particular species it vias imposaible to

transform that distribution to a normal one., In such

: cases the confidence limits were calyulated by the
rnegative binomial formula (see Anscombe 1950, Pliss 1953;

Flsher 1955). There was unfortunately not time enough

to apply this formula in all cases where it was needed.
Water Testing

¢alciun and magnesium concentrations, total

resistivity, and pH vere measured.

Resistivity was measured by a Mullard conductivity

cell at 0°C.

pH was measured by a direct reading pH meter.

Dissolved substances derived from peat are desecribed
throughout this work as peat effluents. It was not
possible to make any measurements of the amounts of
peat effluents present.

"@alcium and Magnesium concentrations were measured

by an E+E.L. atomic absorbtion spectrophotometer.



vi,.

.(.7.0

;fl0.0Qb pspem. of Lanthanum (Lanthanum chloride solution)
- were uséd to prevent interference by phosphoroﬁa with

~calcium determination.

Measuremént of Current

The only available method for measuring current was

‘the Pitot tube. This has two serious disadvantages;
it cannot be used to measure current speed in crevices

‘between stones; and it can only measure currents more

then approximately 50cm per second. - Most of the currents
measured at the surface of the substrate were too slow to

be measured by this method.

Water speeds were therefore measured by eye, and
described ass
fast, rapids with disturbed water surface.
moderate, wheore objects float at above normai
walking speed.
slow, where objects float at less than normal
walking speed, or

negiigible.

The substrate generally corresponds with the current

~ as follows:

fast, moderate current, substrate of stones on sand,
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slow current, substrate includes smaller stones on
'vsandy mud.,

negligible current, substrate of mud.
Weighings

"A number of leeches from each site were taken at

monthly intervals and identified in the laboratory.

. Phey were then blotted dry with filter paper and weighed

" .on & Mettler balance, accurate to -00°1$m"3{.

vidd,

Ages, births, and deaths of the leeches

Mortality among the older leeches, and births were

deduced from changes in the weight profile of the

. population, as shown in the figures giving individual

weighte: 1In general no distinction was made between
animals of different ages when estimating populations.
The young of Trocheta subviridis were excluded from

density calculations because of their extreme tondency

" to aggregates They were distinguished by their small

size and weight and thelr red colour due to blood pigment.

Gut contents

The gut contents of 20 specimens of Troqheta bykowskii

were examined.’
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‘ Ten were obtained by dissecting animals which had
been killed with alcohol; the other ten by gently
‘aqueeZing the near end of the live animal between two

pleces of filter paper. A1l were taken from adults.
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RESULTS

LEECH . POPULATIONS

Densitiés are expressed as numbers per square yénd;

- The pbpulation density of each area examined is given separately.
Where five or more areas within a single site have been examined
in one week the mean denéity. 95% confidence limits of the mean
density, éﬁd 95% confidence limits for the population densities
0% single aress are given. It was not possible in some cases
te c§1cu1ate confidence limits for the mean. The type of
calcﬁlaeion'used‘to determine the confidence limits of the

mean is described as normal when the distribution could be
"$ransformed into a normel oné, or as ﬁégétiéoibihomial when

the negative binomial equation was used. The type of
“transformation used to convert the distribution found into

_a_goiméi one is given in the tables.

In the figures giving 1ndividua; weights each dot
 represents the position of an individual animal on the weight
spale; Weights are expressed in grams.  Different weight
scales are used for different species. . Glossiphonids with

attached eggs or young are shown by an oblique dahs, thus .,/ .

Tﬁe féllowing_speciee were found in the rivers

under investigations




Q""Q“ll e

Glossiphonidast

:Helebéglla stagnalis

@lossiphonia coﬁglgna;g
" Theromyzon tésselatum

3{@?@@@@%&@#&83

*Efpobdsiis petoculats
* gesaeta yykevekts
Trocheta gubviridis
Hirudidaes
| ;ﬁgempgislsanggggusa
:@gé-folléwing species Qe?e'foun& pear Durham but not
4n tﬁe}riﬁeééjinveatigatad:
@lossiphoniddss
| Battaqébde;la,galudosa
Piscicolidaes
2&scicola geomatra
Erpobdellidaet

Dina lineata.
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WEAR AND TEES

Cowshill Quarry
WASKERLEY
Upper Wear, ¥
’ - Wear, Stanhope BECK

‘Wearhead N /

Upper Tees, Moorhouse
\

Emoﬂ.éo_m,:osoa\ Wear, Bishop
Auckland

: ~—Gaunless
Wear, Witton le émoﬂ\

«——1€es, Middleton

/

CROSSTHWAITE BECK 0 MILES m




Wear, Frankiand's WEAR — .
.mo:: / DURHAM AREA

mqoism\

Deerness

DURHAM

GOAT'S BURN

\

Cow Pond,
Cock of the North

SALTWELL
GiLL

Brancepeth Beck

o—— (Upper)

Holywell
Beck ™

\‘ \o_dxao_m Beck

\J

Wear,
Croxdale

MILE |

—O

Brancepeth NICKYNACK
Beck (Lower BECK
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RIVER WEAR

;'fhé'rivet Wear Was investigated at Wearhead.'Stanhope.
Wolsingham. Witton-le-Wear. Bishop Auckland, above a:i below
the confluence with the river Gaunleas. Croxdale, and below
Burham.‘ | ‘
Wear from Wearhead to WOlsingham L .

The areas inveatigated wera all about 5 aq.ft. with
a eubétrate of stones an muddy sand, and a slow current.
_AFeur areae were 1nvestigated at Wearhead and at Stanhope
on July 7th;. Fonr areas were examined at Wolsingham. two
abqygAgnd,;yo.below the cgnflpenge with Waakerley Beck on
A?Suét 3¢63 .

" No. leeches were found ia any of the areas examined.

Wittén;le-Weaf
| Two types of substrate were investigated on
August 22nd.
i. B8tones oﬁ muddy sand, at or above the water level,
Two éreasﬁ ééch abbﬁt 6 sq.ft. were searched.
No leechés‘were found, | |
{1, Stones on sand, current slow.’
"ﬁihé‘éreaSQ‘ééch'ébdﬁﬁ“é 8q.ft. were investigated;
'Tﬁé‘ﬁéptlétidn densifies‘tqﬁnd‘are given in

Table 1.;‘
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Table 1
Area;hoé ,,'=} o Species Number per sq..yd.
@ - ... H. gtagnalis 8.6
3 ) Y 3.0
R C " 364.5
. '%5);~\A;L}RM S 13 5.4
(6) R T ) . 36.0
B ¢ I 11,5
3 P TR " 25,2
N 4 ERRE. w0 7.2
) “/ ‘-‘ P vf ngo. comE lanata St 702
‘Eiﬁ’!i‘ stagqélié,th,féllowipgvreSults were calculated, using
tﬁg'geéafiVQ.binomial'method.
Méan‘density a‘sl per s8q.yde
5% confidence limits ‘of mean density e up to 115 per eq.yd.
The mean weight of 95 specimens of H. stagnalis

was 0049 gm. Individual weights are given in figure 1.
Weg::ftomiﬁiahép Auckiénd'to Durham
Substfate‘typée investigatedé‘;
i, Stdnee on sand in regions of rapid current.
¢ gix areas, each about 1 'sq.yd. were investigated on
March 10 - 15, ~ Three were at Durhem, three at Croxzdale.

No leeches were found.,
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Stones on sand in regions of moderate current.

This type of substrate was investigated at Bishop
Auckland above the confluence with the river Gaunless.
and at Croxdale. Each area was between 2 and 2.5 sq.yds.
The numbers of each species found per square yafd in each
area are shown in table 2. Individual weights are shown
in figﬁres 2 & 3. Mean weights are shown in table 4.

Estimations of the mean density per ;quare yard of
each species, and its range of probable ;ariation, are
g&vén»in table 3.

The populations of H.stagnalis and g.complanata'
appear similar, since the ﬁeans for each site lie well
within the 95% confiden?e'limits for the other site.

The main difference between the two sites is that

T. subviridis is absent at Croxdale, while E.octoculata

ims scarce above the Gaunless.

It should be noted that the areas examined at
Croxdale on 30th April and lst June were closer to the

bank and therefore probably more sheltered than those

examined on 4th July and 6th August.




0 0 %1 O o o 9°t O 0 0 0 €'t ¢t 9° 0 T¥nsynouve *H
0°6 6°C O0°6Z Z°C 8°CT 2°6 1°C 1°8 1'% 9°C 0°% T1°Cl €°6% 8°6C g'IS ¥as[HoI00 °%
%°9  6°¢  O°CT 9°C 1°01°9°C 9°T Z'Zl ¥°  8°T S°z O %'/ (l°¢ @' TIeeerdwoo D
1°¢ 't ¥t o €'y 8° 2°9 O 8° 8°z ¢ 9*'9 O €T 0 gYvugels °H
. . :ga1oadg
ST . %1 .. €T .ZL.. II OL 6 . 8 L 9. ¢ v. ¢ Z.. .1 "oN ®exy
3BV 9 ST Sonf 1, 30V O s38qQ
: 9TBPXOID
0, e 0 0 o 0 'z . TEnsTiEGes W
0 Q 0 0°sy o @ gl Awe:aoosw ) SIpTITAGNS °J
'z w1 vt ser L° %1 6*  (s3tnpe) TTPTATAGRE °I
13z %1 %t ggs L v*1 4T (1v303) STOTATAGTE °I
0 1°2 0 0 _ w 0 0 . wu¢w:00uuo 3
ot %1 'L 06 g1 ¢ 6T . TIwesdEes T
o 8°2 L3> 0 0"z 0 0 | BY{eUde3Is °H{
SR wt e - L sgayo9dg
-8C- .- 1T oz . 61 . 8T AT 91 | *oN BRIy
Isn8ny 1z o ’ - Lyap m,.n °38q

vaﬁ.ﬂuﬂ054 nuo.nm.wm ommﬂﬁgﬂw 3A0QY
. T " }

1goM I9ATX 9yl uy pojedraseaur *Fy 2d4La
238138GNS JO SPIIR 3Yl U 83aYdI99] Jo °*pLA°bs i1aod siaqumy °z I31qel
i} [

mtmmﬂv,m Q.m.ﬂ..

o e



/€ N auoN /& ..|||\W. PuoN _ pP98N UOTIPUMIOISUBLY
S* 1° e 1 0 “ aamof
£°8¢ 19 4 PaIBIMOTEBD JON 9°¢1 6°8h po3leInNOIBD 30N x2ddn
. 4 :ggole S18uls 103 SITWJ] SOUSPIIUOD YGE
1°% 0 4 o _ 8°¢ v (o] I9mo
€°61 1°11 £y 9%t 8° 01 6°% 1addn
:upomw JO SITWI] OOUSPIIUOD %SE
feuzoN TsWION 1eTROUTq °*8aN 15TIOoN TemION Tetmoutrq °*SoN B17WI] 2OUSPIIUOD
103 posn uwojleInoiwd 3o adLy -
8°6 6°S Po3BINOI®Y JON oy c*zZ paeInoied woz (pouxojysuexy)
0°11 %°9 1°2 6% 6°€ 1°¢ (pomioysuwijun) A3TSUdp UBSK
BIBIN00390°y TICUF[JWOS°D BIJPUBPIS°H ©BIPIN00300°d UIVUPIAHOD °D SilouBe3s °H
3snBny o _ KIng & a1¥px01)
.wh\/ So1 \/ auoN 2uoN POSN WOTIPMICIFUBLY
rA 1° ¢ I2m0T1
L°ce c*zo1 $¢ x9ddn
| :guoa® 9T3UI8 107 SITWI] DOUIPIIVWOD %66
9°* G* Ly 13M0] .
8'Yy 9°11 pajernoTed 10N x9ddn
| ) TuReW JO SITWIT PDUIPTIUOD YC6
1emIoN TemIoN suoy suoyn " eaymyy 95USpFIUOd
E 103 p9sn uOTIBINOTEO jJo 2dLg
L't 0°z pa3eINOTeEd 30N (poui03sUBII)
'€ BT . 8% VAR (pemioysusijun) £318USp UBIH
(S3InpR) STPIAIAqNS °F (e31npe) STPIITAGNS *Y TIeur|dwod *H SF[e085I8 °H _
3sndny 1z - LInf G1 - Isn8ny 1z

puelony doysig ‘ssaTuUnEd) IA0QY

IBOH I9ATY °1 °dL3
9381318qNS 10J S3ITW]] SJUSPIJuod pue s2]37suap uorreyndod ueayy °*§ Iyqel

OONﬁI.




- - zo0t 2 e caTe"Y

v BLLY°T 1 TEneyasues °f
s (01" 52 cozt® sy 590" zZy gcL0°® c8 TIETRB0T
cHco" 12 0910 +° sz o) (3 4 sL10° 91 V3eusidEos D
7 8c00° ¢ £100° 1 o600 Y &i00° ¢ Tyreuseae W
. tapyoude

(=R)°a3 awoR pagSiomcen. () *1a ueon peyliss *op (@) °3e wwoy poulrom co  (=P) *am uwwal PpouSyea ‘oY

"8uy 9 Lynp o eung Y 173dy o
. _ | spepRoxn

: zo18°1 6 mETRIeeT T
cs1o° oz TECo® (o1 Tusang N

: _ A m%....mr_ YAGe® %
zsze i otos® 6 (31°pw) FIPIATAQAE °%
£691° Lz yavs* 1T (19303) Fipraiaant °I

cHs0” -1 :

gco0" Z . zcz0° g

»500° s - : .-

(=B -*3a vl paulioa *on (=B)°1n ueeR poyliaa *of
29n8ny 17 ] Line €1 . 239q
. ’ pueiony doysig *seoTunsd Ia0qy
u,u,aa I3ATY °71 9dL3 ejeiyagns woly e2y00sy FO s3yBiem uwel iy 9199l
*c91°*










443,

!slggs-

§?stones:on muddy sand in régibns of slow current.

'This type of substrate was investigated at Bishop

'*3Auokland above and below the confluence with the river

o

.
{

Gaunless; and at Frankland's ‘Parm, below Durham Citys
Each area investigated meam.red approximately one

square yard. The numbars of each speeies in each area

L. investigated are given 1n table 5. Mean weights for

vl

Ve

the specimens taken from each site are shown in table 6.

' Individua) weights are shown in figures & & 5. Mean

population densitiea”énﬂ range of probable variation are

. shown in table 7. -

" Plants of‘sEgrgggng erecta on soft mud at Croxdale.

Thé eurrent was slow to nég&igible{'ﬂffhié'site was

- 202t from ‘the nearest stony area.

The numbers of cach species per square yard in each
érea investigatéd'are'giﬁen in table B'toéethet with the
mean weights of each species on each date. Individual
weights‘afe'shown in figure 6,

Each area examined measured about 2 sq.yds.

Mud, including some organic detritus (rotten leaves, twigs

etc.), current slow to negligible,
The numbérs of each species per sduare yard in each -
areca investigated on 6th September are shown in table 9.

Each area investigated measured about 1 sq.yd.
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Table 12, Mean numbers per square yard of leeches on substrate type vi, River Wear

Croxdale, 5th August

Haemopis sanguiguga

Mean density (untransformed) 2,2
(transformed) 2,0
Type of calculations used m0H|no=mHmnwnm.
limits Normal

95% confidence limits for mean:
upper & 3.3
lower . ' ‘1,2
95% confidence limits for single wnmbum

upper , 7.7
lower . -1
Transformation used . m wom4

Prankland's Farm, below Durham, 27th July

Irocheta bykowskii

¢

Mean density (untransformed) o 6e3
(transformed) 5.7
Type of calculation used for confidence
limits : Normal

95% oOﬁmwmmunm limits for mean:
upper " 10,6
lower 2,7
95% confidence limits for single areas:
upper 22,8
lower o7
Transformation used &/

Haemopisg wmbmmwmnmm
3.4
Not calculated

None

Not calculated

None




© 40 0 2406 0 0 O O
3.0 8.0 . 6.0 6.0 15.0 16.8-3.0 18.4 7.5

. No '-viei‘-gm‘ngs' wore made. The two areas with
.¢omplanata wore not typical because they contained a
relatively large ameunt of rotting twigse.

, ?.oi Erpo. bdp:_i;la_ Mchlatg the following data were
eal'culfated :

Untransformed mean density = 8.6 per sq.yd..

Transformed mean density = 7.2 per sq.yd.

95% confidence limits of the

" Mean density = 4.5 * 11.6 per sq.yd.

95% ean:idaﬁce 1imits fer single areas = 1.6 ~ 32.1 per sq.yd.

Log transformation used. B |

_vi, Stones on muddy sand, just above the water level, with
a mat of damp algae cavering the surface, Frankland's Farm.
. Each area examined on 25th July vas about 6 .ft.
The follewing numbers per square yard were found in
.the areas inveastigated.

‘10
5.1



"0'025’0 [ 3
Table
, Area no.l Area no.2
Speciess
H. stagnalis | 61.7 82.5
E. octoculata 0 1.5
H. sanguisuga - 0 - 3.0
- The following mean weights were founds
Specieéz . : : No. weighed Mean wt. (gm)
~ 'H. stagnalis 55 +0031
ga?sangu;suga : 2 1.1759

| Note the difference in the weight distribution for
Helobdella stagnalis in substrates type iiiand vi as shown

in figure 4.

vii. Exposed shingle banks, with the intexsiices between

e
x

" the stones filled by mud or sand.

Two sites were searched., The one at Croxdale was
exposed excejt when the river was high after heavy.rain;
the one at Frankland's Farm was exposed only during one
visit when the river wés Selow its normal level. The

 numbers of éach species in each area investigated are

. ghown in table 10. Each area was about one square yard.



.;0260i

" ©" The mean population densities and’ confidence limite
for the mean are shown in table 12. Mean weights are
' ghown in table 11, individual weights in figures 7 & 8.
Table 10

- .Croxdale, Sth August

. - - Area No. - 1 2 -3 L. 5 6 7

fra’

. subviridis = k2 0 o o 86 0 2.0

. sanguisuga 2.1 2.0 1.2 2.0 2.9 &5 1.0

=

¢/ . Fronkland's Farm, 27th July
© o hrea Wou B 9 10 1 12 13 b

\

bykowsicdd - 2.4 6.3 9.5 11.0° 5.6 6.0 3.0

3

senguisuga 32 0 0 b 2.2 8.0 6.0

.

.

“fable 11
" Croxdale, 5th August
~ Speciess - ' ¥o. weighed 1”M9€n wte
T. gubviridis = S 1695 gn
'H. sapguisuga . ... . 9 .. ~ 2.1063 gm
| ' Frankland's Farm, 27th July |
Speciesy B No. weighed Mean wt.
. bykowskii | 17 | 11479 en
H. éanguiaug& o L 1.5033 gm
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The places wgﬁro T. subviridie were tound at Croxdale
are shown on the map. All were in places isolated from the
main body of the river Wéar. either near pools or in a trickle

of water from a drain.

The presence of T. subviridis here is rather anomalous.

None of the specimens “Found were large anough to be sexually
mature, égd only one may have been a newly emerged Jﬁvenile;':.
This?is'a_completely different population profile from that..

found above the confluence with the Gaunless. The position
' ~§£ the genital'étria'(oﬁlﬁ'viaiblé‘ih’tﬁé'lérgerispecimens)

“‘eorresponded to that of’ Trocheta subviridis. |
& ‘single specimen with a clitellum was found in the

early spring. It was larger than an ‘adult T. bykowskii and
’ had:a'jélidwiéﬁ”colour; similar to that of immature specimens
of 'T. gubviridis.

*‘Three areas of the site at Frankland‘s'Faiﬁ were
investigated again on 27¥h'ﬂugust when they were found to be
cb?éféd‘bj-3'4'9in of water. = These were areas 28, 29, and
30 of substrate type 1ii, with péphlaticns of H. stagnalis,

. om 1anata. and E. octoculata. 2; bykowskii éﬁd

H. gangg&guga were completely absent. The leech populations
ﬁuétﬂbabé“méﬁea'upwards within: the river banks as the water
fés6. It wan ot poESibLS €0 check wHether populations of
zg”ﬁikbﬁakii“énd'gl ééﬁéﬁlﬁﬁgé’Wéré'preéénﬁ in the bank beeauée

it consists here of large stones held in place by steel bars.




! o . u..‘.a?:-9.‘..
| COWSHILL QUARRY, NEAR WEARHEAD
Thie is a'fioodédtahaiix.d?éihihg“iaﬁb é i§ecﬁ1e§£
stféfﬁh'b? thé'upperﬂWear. The substrate was stoneb'on.gan¢y
nud, Gith'a_ﬁegligible curiént;:‘ ItAﬁés iﬁvéétigateﬁ oncé. on
7th ngy; when the foilowing densities were found.

Table 14

Speciest ' No. per sq.yd.
E. stagnalis %
_ggfsiaspalié - 333
B stagalte - 369

None were weighed.

Each area investigated was about 3 square feet.




20304

CROSSTHWAITE BECK

3 This is a small streanm, draining into a leechless
part of the upper Tees at Middleton in Teesdale. Two areas
Withva_substrate of stones and a slow current, each measuring
abquty@%,aquare feet, were searched on 6th May. The

following leech populations were found.

4. No leeches

.ii.x;BG g; cqmglanataspervaquare yard.




[ ] .51..

WASKERLEY BECK= -

This is a shallow, generally fast stream, 4 - 6 feet
‘wide. flowing into a leechless stretch of the Wear at Wolsingham,
It was sampled only once, on 2nd August., The substrate was stones
on .sax.ul. The following densities were founds

Table 14
Species: Current No. per sq. yd.
G. gomplanata Slow 33
&. gomplanata ¥oderate 9

The mean weight of 16 specimens was .0121 gm,

Both areas examined were about 6 square feet,




° 0320'
RIVER GAUNLESS

'Phe’ ¥iver Gaunless was investigated whaté'it~
tibwg:throngn?nibhopts~pafx. Bishop Aueckland, just above
its confluence With the Wear.' ~All the arcas examined were
oﬁia?énbéttaﬁé'bf‘stoﬁés on muddy sand.- Each area measured
approximately 6 square feet.

The numbers of each species per square yard in
each area inféétiéated are given in table 15. The mean

weights of each species taken at eac h date are shown in

table 16,

Estimations of the mean density per’ square yard
of éach:speciea; and the probable range of variatiou, are

given in table 17..
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Table 17. Mean numbers of lesches per sguare yard; in the River Gaunless.

17 - 18 July.
H.stagnalis. G.complanats. E.octeculata.

Mean ne, per na yd Anunn.ubunawioau 2.0 22.7 10.3
(transformed) Not caleulatad 19.5 9.9
u.u,wo of calculaetion used for '
confidence limits of mean Neg.binomial zou.lwu _ Normal .
’ R i rr”..lv " e .. Al N
Transtermiition used None \/ Tog. vY;
95% confidence linits of mean: , )
: dpper 3.9 T 25.6 12.6
- lewer ° 0 - 14.1 7.8
95% cenfidonce limits for single areas : , A
. upper Not ealculated 61.9 20.3
- Jower Not calculated 7.4 4.1
26 August. w S :
H.stagnalis.  G.complanata = E.octeculata.
Meen mo. por sq.yd (untransférmed) 46.6 56.6 _ 37.3
(tranaformed) 35.5 Not calculated 36.3
© .. Typo of calculation used for o o o o
confidence limits of mean . © Normal .~ Normal . Normal
Tranformation used N/ Nene \7/
95% ceafidence limits of mean: : L ,
‘ lower o 1.8 32.3 . , 22.9
. 95% cenfidence limits for single areas: o :
~ lower o] o " .8






00350‘-
BRANCEPETH BECK'

"“ﬁfi‘"hraﬁeébéfh'(Sﬁoék;ey)'Beékis’a small stresm,
34 8 fest wide. ' It can be divided into three parts: =
;”iﬁf7Ab uﬁﬁéf‘péét‘&iﬁh'éegeféili rapid flow, the substrate

A aénaiéting o£ stones on eroding clay.
:igiwf Awmiﬁdle-part where it enters the Wear valley
”?leplaip,'with a shingle bottom, and stretches of
| slow flow,
.;;ﬁ,;}ﬁﬁlpwe;fmeandering part, with a substrate of mud
. ‘oh gravel, often lined by Sparganium erecta.

The numbers of each species per square yard in
each area investigated are given in table 18. Each area
investigated was about 6 square feet., The mean denmsity
and probable range of variation are given in table 19.

Mean weights are given in table 20.

Tndividuel weights are given in figure 10,
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Table 19. Moan numbers of leeches von square yard in Brancepeth Beck.

Leeches oa steny substrates, slow current, August 11.

G.complanats
Mean 50wou. 9. %n (untransformed) . 8.5
nnngu&egv _ Not c-wgn»aa Not ealculated
Type 6& calculation used for camfidence ’ E
IHmits. : - Neg.binomial Hormal
thouﬁn»eob used, Mone None
895% confidence limits for mean: : _ _
_ upper - 32.1 121.0
lowar : o 50.0 .
' 95% cenfidence 1imits for single areas :
. ; . . upper . Noet calculated 180.9
. lower , : 2@9 calculated 2.1
o ; z; .—.nuuc 20. g iogna ot woeowo« trom uﬁpbaoﬁ.wg Beck. .
- 8 .E:c , 9 July _ 1l August
. No.weighod Mean wt No.weighed Mean Wt Ro.weighed Moan Wt.
tagnal o - - o - 1 .0078 ga
G.Gemplanata 21 .0250 ga 22 .0234 gm 86  .0180 gm

- H.snguisaga - 19 0 1.,2958 ¢gm 3 1.6465g © - .
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HOLYWELL BECK

Holywell Beck is a emall gtream; 2 = 4 feet wide,
and naver more than 1 foot deep. The areas inveastigated

all had a slow current and a bottom of shingle.

The numbers of each species per square yard
in each area investigated are given in table 21. Each
area investigated measured about 6 square feet, except

area No.l.

Mean densities and range of probable variation
are shown in table 22. Mean weights are shown in table 23,

individual weights in figure 1ll.




Table 21.

18 Jume 11} July

Area No. 1
A 5.0

E.octeculata 5.0

10 August.

- Numbers of leeches per sq. yd. in the areas pacohﬁwnwnan in abw«ic.ﬁh Iﬁaw.

2 3 4

4.4 0O
0 O A

5 6 7

1.6 1.4 O

8 e
0.8 9.6 7.2 24.% 6.2 21.6

e o

6.3 18.0 3.1 7.7 18.7 20.8 7.0 11.4

Table 22. Mean numbers of leeches psr sq. yd. in Holywell Beck. 10 August.
. ‘ - H.stagnalis. G.complanata. E.octoculata.
Mean no. per sq.yd. (untransformed) 13.9 o7 13.1
~ (transformed) Not calculated Not calculated Not calculated
Type an calculation used »QN . _
' .nesu»a!noo linits. - Neg.binamial - None ‘Nene
Transformatioen used.. , .* . None- ‘None . None
95% confidence w»lpﬂu u@n luu: ¢ upper 23.1 " "Net cmlculated Not calculated
. lower 4.5 Not calculated Net calculated
95% 85»538 limits for -Enua areas: o o ‘ :
. upper Not calculated Not calculated Not calculated
lower Not calculated Not caleculated Not calculated
Table 23. Mean weights of ieechss from Holywell Beck.
15 Jwe o 11 July | | 10 August
No.weighed Mean Wt. No.weighed Mean Wt.  No.weighed  Mean Wt. .
a8 - L0105 g S 10 0143 gm 22 o .8wu gu
0. - o - 2 .0357 gm
8 42545 gm 18 .2831egm . 27 . 0479 gm
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RIVER DEERNESS

This is a small river, less than ) feet deep,
and 6 - 15 feet wide, Its bed is of gravel or stones
on sandy mud, and shingle banks above the water level
ooour. Sparganium erectum grows along its banks in
places,

Four types of substrate were examined,

i. Sparganium ereotum on suddy shingle,
ii, Stones embedded in inud or clay at the edge of
the water,
114, A single large, flat stone at the edge of
the water,

iv. Stones on sandy mud, covered by water, slow current.

The numbers of each species found per square yard
in each area investigated are given in table 2. Mean weights
are given in table 25, individual weights in figures 12 & 13.
The mean densities of each species, and the 95% confidence
limits of the mean and of pupulations of individusl areas
are shown in table 26. Each area of stony substrate

examined measured about 1 square yard.
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Table 25. Mean weights of leeches in the River coonﬂiuu._.

May 5. June 7. July 8. Aug. 9
Ne.weighed Mean wt. No.weighed Mean wt. No.weighed Mean wt. No.weighed Mean
H. stagnalis @ - _ o - o - 4 0063 gm
G. ﬂeiv&rswn@ 19 . .014% gm - 2¢ .0187 gm 16 JOL82 gm 12 0287 gm
T. bykowskil 8§ .076B gnm 8 .1013 gm 11

.08926 gn 44 .0788 gm



Table 26. Mean numbers of leeches per

September 3 = 5.

Mean no. per sq.yd. (uatransformed)
A (transformed)

Type of calculation used for confidence
Tdmtits.. T
Transfermation used.

95% confidence limits for.
mean : , upper
. _ lewer
95% confidence Yimits for
single areas : upper

. , lewer

Mean no. per sq.yd. (untransformed)
(transformed)

Type of calculatien used for confidence
limits.

Transfermatien used.

95% confidence limits for
mean: upper-
’ . - . Jewer
95% ceonfidence 1limits for
single areas: . Upper

v .. lower

H.stagnalis.

square yard in the River Deerness,

Areas 10 -

G.complanata.

’ #ﬁ.od.
Not calculated

None
Nenpe

Not calculated
Not caleulated

. Not calculated

zeo.nweazwﬁ»oﬂ

- Aresas = 17 -

lanata.

H,.,.A.,i ‘
10:9

16.
T., VNwaﬁuern

- 2.0
Net caleculated

None
None

Not calculated
Not calculated

Not calculated
Not calculated

24, . © Areas 10 - 24.

G. complanata.

11.1

Normal

e

<Pmm

7.

60,
1

b N
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RIVER BROWNEY

~ The Browney is a relétivélyilarge'river‘(10'6 20
féétfﬁddé); ‘It was sempled below the bridge of the Durham =
Bearpark road. The bed comsists of solid rock, stones on
sandf.mud;'of’mud.‘

wwé areas of mud, each approximately one square yard,
were siévedvoh 22nd August. No leeches were found.

Thé:numbers of each speciés found per square yard
in égbh area of stones or mud examined are given in table 27.
The areas examined on 28th May measured about 2 square yerds.
All'Buhséqﬁenﬁ'areas measured about one equare yard.

Aress 6, 7, and 8, had been examined previously

- on 28th May and 30th June. The population densities have

been ealculated excluding these areas. Mean population
densities per square yard and range of prebable'vériation are
shown in table 28. Moan weights are shown in table 29,
individual weights in figures 14 and 15.

" As can be seen from table 27, the H. gtagnalis
populations of areas 6 & 8, and the ga_bxkdwskii populations
of areas 6, 7y & 8, lie outside the 95% confidence limits for
4ndividual areas. It can therefore be concluded that the
g.lgtasn51is popdlati6n'b£ areas disturbed by previéué sampling

‘s higher than that of undisturbed ereas, and the T. bykowskii




.. .460 .

| po‘pul.iaibit.m is lower than that of surrounding areas. It
thus appears that repeated saﬁpling of the same areas is
not a reliable méthod. . o .
N i , The mean density of G. complanata in areas 6 - 8
is 16.6 pég :sq'imé yard. This is outside the 80% confidence
l}im:\.ts for theé mean of areas 9 - 1k, ‘but within- the .95%
limits, T4 '":.Lé.'tiei"efore. n’ét possible to say whether the
‘g_."géﬁg'_”lénétéz"ﬁo'pdliation was affected by the disturbance

caused by sampling.

SRR AR T G R s A

e,




Table 27,  Numbers of leeches per square yard in the areas examined in the River Browney.
28 May 30 June 30 - 31 July 29 August
Area No, 1 2 3 4 5 6 (3 8 9 10 11 12 13 14 15 16 17 18 19 20

H.stagnalis 2.7 0 107.4 25.2 3.2 115.7 40.2 52.2 10.3 8.6 26.7 23.4 35.5 28.0 151.2 2.5 25.2 11.5 38.3 2.0

O.nmﬁwﬂ..mﬁn 6,04, 16.8 14.4 1.} 115.4 11, 23.4 10.3 2,74 17.3 6.2 14.7 4.0 18,5 5.0 14.4 o 2.0 .w.o

ﬂ..dngma,u 6.51.5 1.8 9.6 5.4 3.9 0 3.6 18.6 10.7 13.3 13.6 16.0 16.0 6.2 0 18.0 13.5 6.8 45.0




Table 28. Mean mumabers per square yard of lesches in the River Browney.

30 - 31 July.

Aroas 9 ~ 14 . Areas € - 14.
H.stagnalis. G.cosplansta. T.bykowskii @.complanata
" Meamn no, per sqg.yd (untransformed) 22.1 13.4 . 14.7 14.5
(transfermed) 20.8 11.1 ¥ot calculated 13.5
Type of calculation used for’ .
oonfidence lialta _ Nermal Normal Mormal Kormal
g&@i@g used \/ S Tone N/
© 95% canfidence limits for mean: .
larar 0.0 5.1 11.6 7.9
95% confidence limits for single
areass: © T uppar 63.8 35.7 22.4 38.9
. P ”gn .”Ouu Qw “'e “'w
_ 29 August -
L H.stagnalis © G.complanata . I.bykowskii
¥Mean no., por 5q.yd (umtranaformed) 39.6 8.3 , 17.9
{transformed) 20.2 . Not caloulated Not calculated
. Type of calculation used for v :
. ag»,p.g Timits Normal None Nome
Transforpation used N8/ . .. . Koms None
85% confidence limits of - . - EEET
.mean: © upper . 83.7 Not calculated Not calculated
lower : 2.3 . Not calculated

TR

| ° single-areas: - wupper = 510.8 - . . Not calculated

" - Not calculated

~ Not calculated

" . Net calculated
- Mot calculated




Table 29.

Mean weights of leeches

28 May
No.weighed Mean wt,
H.stegnalis 5 0095 g
G.complanata 20 0520 g

T. bykewskii 5 0272 g

from the River Browney.

30 June
No.weighed Mean wt,
128 L0038 g
53 0133 g
21 0911 g

30 July

.No.welghed

129
28

20

Mean. wt.
L0069 g

.0243 g

.13583 g
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CROXPALEZ BECK

‘Croxdale Beck is 5 - 12 feet wide, and seldom more
:than?;éb feet deep. Whéfe‘invés%igated;~thé current was
maini& moderate to fast. The bottom iz of stones on sandy
:muﬁ;[aad many shingle banks occur. The water is very turbid,
and-céﬁtaiﬁé§much'coé1 dust.
wﬁf%§}1‘“n;Thé:Y6110wing-substrates were investigated:

'”5,}S§6nee'on sand, with a slow to moderate current.

g :T*3F6ur»areas were examined on 27th June. No leeches
- were ‘founde
‘Eiifzv'étonée on muddy sand in very sheltered places,
| current slow to negligible.
' 4idi. . Shinglé banks rising above the water level.
liy.‘ Single large stones on the shingle banks.
. v. Boil of the river bank, including stones and rotten.
wood,
The areas examined measured nbout 2 x 3 feet,
except for those of substrate type iv, which wére about
3 4 4 square feet. .
The numbers of each species found per square yard
in each area examined are given in table 30. Hean densities
per squarbfyard for each species, and range of variation. are

given in table 31. Mean weights are shown in table 32,
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Table 31. Mean nusbers of leeches per squarse yard in
Croxdale Beck.

Substrate type ii 2¢ May
G.complanata T .UwaIuw»»
Mean no. per sq.yd. (untreansformed) 15.8 2.2
(transformed) 12.9 Not calculated
Type of calculation used for confidence liwmits, Normal None
Transformation ussd, ) Logarithmic None
95% confidence limits for mean : .
upper 33.4 Rot calculated
owar 4.9 Not calculated
95% confidence limits for single arcas : _
upper 109.1 Not calculated
lowor 1.5 Not calculated
Substrate type iii .
27 May 28 June 28 July - 27 April=-28 July
. T.bykowskii T.bykowskii T.bykowskii T.bykowskii
‘Mean no. por sq.yd (untransformed)  11.2 15.3 T 12.5 13.2
, (transformed) 10.2 14.6 , 11.2 12.4
Type of calculation used for . ’
confidence limits. Normal Normal . - Nor=zal Normal
Transformation used - \/logerithm \/ T 8/ </
95% confidenco limits for .
nean @ upper 19.7 L .7 17.4 . 15.2
95% confidence limits for o _ ‘
sean: - ’ dhgg “le.q - uwcq g.“ gow
4 lower 2.7 % | . 2.8 3.9




g

individual | weights in figure 16. o

B "'ﬁécaﬁSé the population of 1. bykowskii is ﬁractieally
sonstant from April 27th to 28th July, and because fignre 16
shOwéia constant pgpulaﬁion“profiié. éééémpanied'by a steady
increase ;i:-'x"x individual weight , it was concluded that the mean
aéﬁéiis“eahg& not changed during the period of this research.
iﬁé;§GAn wag ﬁﬁéﬁ'fé—d&iéui&té&; using the densities of a1l o

the areds of substrate type iii which had been inVestigated.j
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‘Whiteweli Beck is a small sfream‘h'Qié"féef wide,
The botton s mainly of large stones om olay. ' The site
1nvestigated was below the bridge of the A, 180 near Shincliffe.
This includes ‘two pools. one of which 15 about’ 4 feet deep.
@nly Glossighonia omglanata was found. The numbers found 1n
each area investigated ‘are given in table’ 33. ; quh area
examined measured about 4.5 square feet. In areas 11 15
nud was being deposited on the stones, and the current was
siéw to negligible,in areas 6 - 10 no mud was being deposited,
and the current was slow to moderaté. Mean populations, and
réhée'of”v3518tioh, are sndwﬁ i table 34,

Mean weighte are given in table 353 individual
weights' in figure 17. o

" Above the A.iSo'road'Briﬁéé;:WHiiweiifBeck;'and its

téibutét};hbﬁatman Bebk; have a géne}ally fast current, with
no large continuous areas of slow or moderate current. The
substrate is‘largeiy unstable,.coﬂsisting of gravel and
eroding clay. | |

Small isolated areas with a moderate current and a
stony bottom do occur. Seven of these with areas varying
trom 3 - 6 square feet were investigated on 15th - 16th

Jannary._' The numbers of G. comglanata found in them weres

0, 0, 0, 1, 1, 2, 4.




Table 33. Numbers of leechss per sq.yd. in the areas investigated in

L

Whitewell Beck.

21 May. 24 July. 24 August.
Area No. 1 2 3 4 -3 6 7 8 9 ] 10 11 12 13 14 15
G. n@ﬂﬁw‘gﬁ.w 33.3 47.% 7.2 14.5 10.4 0 7.7 8.5 2.3 0 28.3 36.5 46.5 41.1 33.1

.—.mE..o wn Mean numbers ef leeches per sq. Hn. in Whitewell Bock.

Areas 6-10,
. G.complanata
lMean ne. per sg.yd. (untransformed) 3.7
(transformed ~ Not calculated
Type Gn calculation used for confidence ,
limits of mean None
Transformation used. : "

95% nn:u»aouam wﬁaﬂnm of mean: : o
upper . Not calculated. .

lewer . Not eslculated
a95% ngmuamwaw H»Ehﬁm from single areas :
upper ©  Net ecalculated

lower Mot calculated

A.wga 35. Mean sm».&_pwm om a.éﬂgmnw from Whitewell Beck.

Date : Number 4 Mean Wt (gm).
21 May - 37 L L8481
24 July . 45 o T ..0150

24 August | 19 , 0277

Areas 11-I5.
G.complanata
37.1
Not calculated

, Normal:
~ Nene

46,7 -
27.5
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"~ Glycena sp.

N

- Batracsbdella paludoss (with young) 18

ve 55 ..
COW POND, COCK OF THE NORTH, DURHAM,

This pond has & diameter of about 15 feet, and is .

__about 1 foot desp. It is @ituated opposite the garage &t the
Cock of .the North, Durham, about a mile frém the Wear, and

100 feat above it. It has beither infiow noy eutflow.
_The substrate was mud, with a dense coevering of

. One area of appréximately 3 square feet was searched

en 28th May. The following population densities were found :

Species. . No. per 8q. yd.

3k 01 ',a\\ paludosa (total) 84

Helobdella Stagnalis 9
Dina lineata : o 45
Dins iineata (cocoens) . 99
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STREAMS WITHOUT LEECEES

005600

Upper Tees

This wae lnvestigated at two sites, Mcorhouse and
Middleton in Teesdale,

At Moorhouse it is 4 - 6 feet wide. four areas,
each about 3 sguare feet, were searched on 7th July. . The
subgtrate was of stones on mud in a slow current.

At Middleton in Teesdale it is about 30 feet wide.
The areas searched had a stony subastrate and a slow cﬁrrent.
Five areas, each about three square feet, were searched on

6th May.

Upper Wear

Areas in the river Wear above Witton le Wear were

searched and found to lack leeches, as already described.

Saitwell Giil
This is 2 - 6 feet wide, and receives treated
pewage from the Durham colleges. Seven areas, each 2 = 3

. square feet were searched. The substrate was stones on nmud,

with a slow to moderate current,

Nickynack Beck
This is 2 = 4 feet wide, and receives sewage from

Croxdale village, and drainage water from a coal tipe. Three




e .57..

)

arees each about 3 square feet were searched. The substrate

was stones on rotten wood on mud, with.a slow current,

Goat's Beck; Langley Moor

This 18 3 - 4 feet wide, It fecéives drainage water
from a coal tip, and also shows signs of detergent pollution.
The atonesiwere‘cbvered with a greyish gelatinoué defosit.
Four éreaa, each 3 square feet, with a slow to moderate current,

were investigated.
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POPULATIONS FOUND BY OTHER WORKERS

3

y T have only been‘able to.find one record (Mann;‘l965),

of the numﬁef§ Qf leeches per ﬂnit'agea on a given sﬁbstrate.'

The substrate below -a_depth.:of 3m in the river Th;mes at Reading

is stony; above 3m it consists of mud with water lilies (Nuphar sp.)

and sﬁeet rushes (Acorus sp.) .
2 The populations found are given in table 36,

‘f'Benﬁiko'giVes the pophlation’deﬁeity found on an

‘~unqpécified sﬁbsfrdte in .a brook beneath a mill-pond.

w

Tﬁq gopulation‘densities per square yard are given
in teble 37. ° ;

Bennike aleé counted the turbellarians, gastropods,
oligochaets, isopods, water mites, and insects. He found
that ieechés forﬁed ce 25% of the total number of animals

'qounted.

i ’ . e ‘

The'gptal population (654 1eeche§ per square yard)
is cqpparablp to'that found in the more heavily populated
parts of the river Wear. The differenqe between the ratio
of H. stagnalis to‘g; octoculata found here, and that found
in the river Wear, may be due to the fact that Bennike based

his estimate on the numbers found in three small areas, each

l+50 8QeChe




Table 36. Numbers of leeches per square yard in the Thames (Mann 1965).

Species 3 m deep

Helobdella stagnalis 16.2

Batracobdella paludosa

mw,o.u.!»uues_»m complanata 2.1

Erpobdella octoculata  .16.2

lella testacea 2.0

Trocheta bykewskii 1.6

_Above effluent

3 m deep

41.1

3 m deep

. 0

o

.5

.9

Below effluent

3 = deep

2.2
)
3.0

11.2



Species

H. stagnalis

G. heoteroclita

Hemiclepsis marginata

Thoromyzon tesselatum

Erpobdella oanencwb»m

E. testacea

AmmmBnM»u.amnmc»m:mw.

Table 37.

No. per square yard.
246
1

137
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EFFECTS OF SUBSTRATE

Figure 18 shows the mean denaiﬁies;of ieech

populationsIin.differpnt~subst£ates in qpe;riverAWear;
pgnsitiea are expressed as numberq pef squarse yard.
Tablg*éﬁ qho;e ﬁhé percentaée of eacﬁ population formed by
éaéh¥speciea. ~ Newly emerged specimens of Trochata gubviﬁidis
are exclnded. & o

Mean densities of the leech populationa 1n different

substratea in Brancepeth Beck. Croxdale Beck, and the river

' Deerness. arse given in figure 19. The percentages of each

| pepulation formed by each apociea are given in table 39.

Populations of Helobdella s taggalie and Trocheta

b;kowski.één'vary greatly within apparently uniform substrates.

Examples of this are given in table'hp;

"Since the comparison of transformed and untransformed
meuns weuld be of doubtful value, untransformed means are used
throughout tables 38 - 40 and figures 18 & 19.

. Mann (1955) gives the .percentage compositions of
leeqh populations on stones and reeds (reed sbocies not named)
in some lakes. Bennike (1943) .gives the percentage composition
of the leech fauna of plants of Sparganium erecta in a lakes ;

He noted the presence, but not the relative numbers, of leech

spacies in the stony parts of the lake,




Table 38. Percentage composition of the leech populations of the River Wear.

Place.  Substrate, Date. H.stagnalis. G.complanata, E,octoculata., T.bykowskii, T.subvinidis FEH.sanguisuga N
Stones, .
Above . moderate current 15 July o 30.6 4,1 0 30.6 34.7 2
Gaunless _ 21 Aug 14.9 43.1 3.8 0 38.2 o S
. Stones, slow _ o . . ,

current 12~ 26 July 77.7 6.9 14.6 o "0 .8 6

Lo Stones, moderate 30 April. 1.4 4.1 83.9 (+] 0 .6 2

Croxdale curpent 1 June - 7.2 19.1 68.4 0 0 " 5.3 2

" 4 July 18.8 .34.8 43,8 0 o 2.6 S

" 6 Aug 10.6 32.3 59.6 0 4] " 1.5 S

Stones, slow 24 June 69.0 16.9 13.9 0 - o .2 3

Frankland's current 25 July - 58.0 16.3 25.7 () o o 6

Farm S 27 Aug 71.1 11.2 17.4 . o .1 5

Bishop : " _ 30 Aug 50.9 14.9 3¢.2 "0 o o 6

Auckland oo dg 2 May 4.8 9.5 79.4 "o o 6.3 1

Croxdale " 30 May . 4.8 11.1 68.2 0 4] 15.9 1

" 2 July 3.7 28.4 63.0 -0 o 4.9 1l

" 3 Aug 25.8 23.3 47.9 0 (] 3.0 1

Croxdale Mud i 6 Sept o 6.5 93.5 (4] o 0 10

Frankland's Algal Mat . 25 July 96.9 . o 1.2 0 o 2.0 2

" Farnm Shingle Bank - 27 July - o o o 61.4 o 38.6 7
Croxdale " A 5 Aug - 0 o o 12.4 (3 37.6

8

N = Number of gamples on which percentage is based.




Table 39. Percentage compoesition of nﬁm leech populations of Brancepeth Beck,
Croxdale Beck, and the River Deerness.

water level

.7, . N.= number of samples on which the mean 1is based.

Stream. Substrate Date. H.stagnalis. G.complanata. T.bykowskii N
Reeds. 8 Juno (o] 64,2 o . 35.8 2

Brancepeth b 9 July 4] . ' B4.8 0 15.2 3
Beck " 11 Aug . 0 © 100, ¢ 0 ) §

. .Stenes slow current 11 Aug .10.8 . 89,2 . 0 .0 i)

. 'Stones moderate current 11 Aug .0 . 100, 0. o 3

" Reeds 5 May 0 = 93.8 6.2 o "1

" 10 June T 4,2 o 79.2 12.4 0 1

g " 8 July " 11.1 83.3 5.6 0 1

. -, Stones slow current -~ 10 June . .+ 58.3 41.7 o 1

. . 8’ July R 100.0 o o 1
Deerness . 9 Aug " 16.7 | 50.0 33.3 o 1
3 Sept 22.2 . 68.2 .. 9.8 o 7

. 5 Sept . 0 36.5 . 63.5 o 8

° Stones in bank approx 12 June 4.0 40.0 56.0 o 1

R at water level 9 Aug 0 0 - 300,0 3] b

8 _Sept o 8.6 . 91.4° o 1

- .-~ Stones moderate current .27 June . - . o - 3] (6] () L

~ . Stones slow current 27 April | < 20.9 2.1 o 1

_ a 26 May = o 87.9 12.1 o 5

Croxdale" : " 28 June o .100.0 .. 0 0 1
Beck Shingle bank 27 April o . 4.0 96.0 0 2

' * 27 May © 14.5 85.5 (¢] 5

it 28 June o 6.7 - - ,93,3 o 4

” 28 July 2] 9] R . 100.0 . o 9

Stones in bank at 28 June o o T 100.0 o 1




Table 40. Variations in leech populations within apparently uniform substrates.

River Date Mean Density of Percentage of population
H. stagnalis (per sq.yd). formed by H. stagnalis.

Gaunless 17-18 July 2.0 . 5.9
29 Aug 40,6 33.4
Deerness (areas 17-24) 375 Sept o 43
{arecas 10~1G) 3-5 Sept 4.7 22,3
Browney (areas 9~14) 30-31 July 22.X 43.8
(areas 6-8) 30-31 July 69.4 78.4

Mean Density of Percentage of population

T. bykowskii (per sq.yd) formed by T. bykowskii,

Deerness (areas 17-24) 3+5 Sept 28.4 ’ 63.5
{areas 10-16) 3-5 Sept 2.0 9.5
Browney (areas 9-14) 30~31 July 15.0 29.7
(areas 6-8) 30-31 July 2.5 2.8

- Mean Density of Percentage of population

G. complanata {per sq.yd) formed by G. complanata.
Gaunless 17-18 July 21.7 - - 63.8
_ 29 Aug 56.6 40.6
Deerness (areas 17-24) 3-5 Sept .  16.3 36.5
{areas 10-16) 3=-5 Sept 14.4 68,2
Browney {(areas 9-14) 30~31 July 13.4 26,5

. {areas 6-8) 30~-31 July 16.6

18.8




Table 4l. Comparison of populations o stomes and reeds.

Somrce of specien.

% of leech populatien
on stones formed by
spacies. _

Monn (1958)

Pressnt werk. G compleanats 10-28

R.senguisuga =16

" P 4+ mesns g»mﬁ is present., but frequenoy is not given. o

. £4~84 (svderate

) +&=2.6 (mcdarate

$2~71 {sliow current)
1=19 (moderatc oa&ﬁ%@_

11-17 (slow current)
14-35 (moderate g
: current).

14~34 {(siow curreant).

current);
' O=2 (slow currenmt).

current);
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These results are compared with those of the present

work'in table 41,

CHEMICAL PROPERTIES OF THE WATERS INVESTIGATED

o The calcium concentrations found are shown in
table 42;: magnesium concentrations in table 43, total.
resistivity at 0°C and pH in table 44, 1In cases where
no determirnation has been mede, a blank is left 4in thé
table. *
The relationship betweén the densities of the
leech populations and the calcium concentrations of the’
waters in which they were found in shown in figure 20
the telationspipa of the densities of the leech populations °
to mean Mg++ concentrations and total resistivities are
shown in figures 21 and 22 reepectively.

In each case the fignré for the leech population
i the highest untransformed mean population found in the
,rive: on a.stony substrate. Only means of five or more
samples (where available) were used. The numbers of
H. stagnalis are shown on half the scale of the other species.

Streams without leeches are not included. Only calcium

concentration appears to be correlated with the leech

- population.
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Table 42.
' Calcium concentrations in waters inveatigated.

Sttaam_ ' Ca++{ppm) pate Ca++(ppm) DPate Ca++(ppm) Date
- Tees, Moarhouse R o 13.0 7 July 6.0 3 Aug.
Wear, Wearhead . 30 . "
Wear, Stanhepé , ’ 48.0 "
- Wear, Wolsinghan ' 27.0 3 Aug:
- Wear, Witton L 34.0 22 Aug.
_ Wear above Gaunless ' 40,0 13 July 30.0 21 Aug.
. Wear ‘»below Gaunless 54,0 26 July 49.0 30 Aug.
Wear, Croxdale . 60.0 30 April 66.0 1 June 3.5 4 July.
Wear, Crozdale pool ‘ 66.0 5 Aug.
Wear, Durham 4.5 24 May  58.5 24 June  64.0 26 July:
. ‘HelyweM 56.0 15 June  36.0 11 July 60.5 10 Aug.
Gaunless . - 90,0 17 July 64.5 16 Aug:
Brancepeth  49.0 8 June 45.0 9 July  33.5 11 Aug..
Browney © . 45.0 20 May 88,5 30June 45.0 30 July.
Deerness _ 70.06 9 June 70.0 8 July  58.5 ® Aug.
 Groxdale 82,5 27Mey 6.0 27 June  86.0 28 July
Deerness Tributary - 55.6 8 June .
Quarry o | 30.0 7 July
. Wagkarley | . 14.98 3 Aug
Whitewell ' 118.0 21 May  123.0 14 July 102.0 24 Aug.
Baltwell ‘ : 58,5 4 June 32.0 4 Aug.
Nickynack  163.0 30 May 104.0 4 July.
Goats Burn - | 190.6 11 Aug.




Table 43.

‘Magnesium conéentrations in waters investigated.

Streanm ‘ Mg++ppm Date Mg++ppm Date Mg++ppm

Taeé,_ﬂ@oihéﬁSe
‘Waakériey"'
Wear; Wolaingham
Wear, Wearhead .
Quarry, Wearhead
" Wear, Witten

Woar above Gaunless

Brancepeth 20
vSaltwelir - 12
Wea?, Btanh09§

Browney 21
Holywell ~ = 22

Wear below Gaunless

‘Deerness Tributary

Wear, Croxdale 3
Deerness R - -1
_ Gaunless |
.* . Croxdale Beck 86
. Whitewelx - 27
Nickynack 210
Geats Burn
" Wear, Durham 27

Wéar, Croxdale
soil Water

8 June
4 June
29 May
18 June

30 May ‘

8 June

27 May

21 May
30 May

24 May

.8 7 July 1
ey 5.5
£ 10

5 .7 July

2.5 "
10
9.2 15 July 12
4 9Jely 18
‘ ‘ 21

6.5 7 July
20 30 June 24
13 11 July 38
21 1S Jduly 26
25 2 July 30
52 8 July 45
90 17 July 96
76 27 June 74
40 14 July 52
| 150
| 170
- 28 24 June 20
36

Date
3 Aug.
3 Aug.

3 Aug.

22 Aug.
21 Aug.
11 Aug.
4 Aug.

30 July.
10 Aug-
30 Aug.

- 4 July.

9 Aug.
16 Aug.
28 July.
24 Aug. i

4 July.
11 Aug.
26 July.

26 July.



Table 44.

Total ‘resistance and p" of the waters investigated.

Stream . Date pu Resist Date p“- Resist Date 'p‘ﬂ* Resist
wear, «) ) )
 Durham 21 May 8.3 " 24 June MM 214 26 Ny 8.3 262
~ Back 27 May 8.8 27 * 8.0 132 28 " 7.8 200
Browney - 29 May 8.3 30 * 7.8 270 30 " 8.3
Dearness . 3 Jne 8.6 8 Jly 8.6 9 Aug 6.9
Brancepeth 8 Jne 8.4 9Jiy 7.6 860
Wear: ’ ) Cl
~ Crexdale 7 Jne 8.6 2 " 82 288 3 " B
_ Holywelli 15 " 7.8 11" 9.6 92 10 " 7.9
Moorhouse , 7T " 6.9 1900
. Wear, _ : )
Wearhead . \ T " 8 98
Quarry = ( _ 7 " 8.7 990
Stanhope | 7 % 8.2 1.5
Whitewell 14" 7.6 260 24 " 7.9
. Wear above ' o '
Gaunless 15 " 8,7 440 21 " 8.4
Wear bslow )
' Gaunless 17 " 8.2 200 16 " 8.2
Waskerley : - 2 " 7.5

Wear, ~
Wolsingham - 2 " 7.4
weal’. o

Croxdale pool , ' s " 8.1
‘Witton le - _
Wear o o 22 " 8.1
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All except three of the sites examined had mean

pH values between 7.8 and 8.2.

pH therefore does not seenm

' likely to have had a. great effect on leech populations. '

The range of calcium content within which a species

" occurs; and the percentage of streams within the range where

it is present, are shown in table 45,

Speciles

10 ™
-

=)
o

bykowskil

‘sanguisu

=
.

i
[

. atagnalis :
complanata

octoculata

‘not included in this table.

Table 45

Range of mean ca**
conc¢entration within
which species is
found

50 - 77 popom.

1" - 11"‘ popomo

35 - 77 Pop-l!i:-v
. 49 -91 pop;mo
35 « 60 p.p.m.

Leechless streams are

% of streams
within range
where species
is present

100
92
57
67
60

The ca;cium and magnesium concentrations, and the

+

presehce of possibly toxic substances in the leechless streams,

are shown in table 46.

Tucker (1958) relates ‘the populations of leeches

and other invertebrates to calcium concentration.




Name of stream.

Upper Tees
Upper Year
Saltwell Gill

Nickynack Beck

Goat's Burn

Table 46,
Mean lﬂt..
concentration
.9 p.p.m.

m.m,w.vri.
16.5 p.p.m.

180.0 vauhl.

170.0 p.p.m.

Chemical|Propérties) of
Mean waw
concentration
9.5 p.p.nm,

35.0 p.p.m.

ﬁuow v.uo,an

" 133.% p.p.m.

1920.0 p.p.n.

leechless streams.

- Poigsonous organic ©OT}
other substances present.
Peat effluents

”" ”n
Treated sewage

Treated sewage.
Coal wastes.
Coal wastes.
Detergents.
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The range of caleium concentrations at which he

found H. stagnalis, G. complanata, and E. octoculata is

given in table ‘47,

Table 47
Range of mean ca** % of sites within
concentrations within . the range where
o which the species was the species is
Species . - found -(p.pem.) . found
H. stagnalis : 8 - 88 90
G. complanata » 15 = 45 50
E. octoculata © 10 - 88 6647

Only ponds contalning leeches were considered in
tab}é k7, Both species of T?oghgta were absent while H.
sanguisuga wes present in on}y.bpe pond.
| The relationship between the mean calcium
concentration and théﬁpresenge.o? leeches and numbers of

leech species present is shown in table 48,

Table 48
‘ Ponds with less than ' Ponds with more than
20 p.p.m. Ca** 20 pe.p.m. Ca*?t
% of ponds
with leeches 45 100
Nuﬁber of leech :
species per pond 1, 1,1, 2, 5 3, 4, 4, 5, 8

Only one pond lacked H. stagnalis,
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Two other workers (Mann, 1955), Bennike, 1943),
relate the numbers of leeches to the total alkaliniéy.
Total alkalinity cen be defined as the total concentration
of wealk acid ions. It 1s measured by titration with .02 W
sulphuriec &cid, using methyl orange as an indicator. Thus,
though it is related to the total anion concentration, it is
inevitably lower,

‘ Total alkelinity was expressed by Bennike as the
number of parts per million of Ca0 equivalent to the amount
of acid usedj by Meann as the number of p.p.m. of CaCO3
equivalent to the amount of acid used; and by Tucker as
the number of p.p.m. of ca*? equivalent to the amount of
acid used. The latter form has been used throughout the
preéent work, and all.figures.havé been adjusted accordingly.

The relationship between calcium concentration and
total alkalinity in the ponds examined by Tucker is shown in
figure 23.. - 94% of the readings lie between the two lines.
Mann (1955) investigated 11 streams in the Lake District and
Berkshire, with total alkalinities varying from 3 to 112 p.p.m.
The number of leeches found per hour, the total alkalinity,
and the rate of flow, are given in table 49. The rates of
flow are not defined in the article, but probably do not

correspond to those used in the present worke
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Mann also examined 47 lakes or ponds. The results
are summarized in table 50.. .It is wortg nbting that
H. staggaiia wa3s not found in any body of water with more
than 96 p.p.m. total alkalinity.-

The three most eWtrophic sites examined by Mann were
a stream and a pond with total alkalinities of 97 p.p.m. and
a stream with i12 pP.p.ms total alkalinity. If the relationship
between total alkalinity and calcium concentration based on
Tu¢ker (1958) is valid, then the calcium concentrations in
these waters are probably 113 to 172 p.p.m. 3ud 132 to 195
P.p.m. respectively,. |

The reélationship bétwegn the total_alkalinity and
the number of leech species presegt (vased on Bennike, 1943
and Mann, 1955) is shown in table 51,

Table 52 shows the maximum and minimum calcium and
maggesium concentrations at which various leech species have
been found, The figures for T. bykowskii .are based ent;rely '
on the present work. . |

'Two figures are given for calcium. The upper one
ié an approximation, derived from the figures for total
alkalinity given by Mann (1955); the lower one is the highest

or lowest figure found in the present work and Tucker (1958) .




-

Table 50. Relationship between
Mann, }935%5.

Range of
total alkalinity

3«7 p.p.®|. % of lakes wheore
speclies is 3

present

domfinant

8«24 p.p.w. % of lakes where

species ix
present
daminant

24~160 p.p.m. % of lakes where
: species fa @
present
- dominant

total alkalinity

Helobdella

stagnalis

68
37

and leech pepulatien in lakes, based on

Glossiphonia

complanata

Erpobdella

Haemopis

octoculata .

83
83

47
16

sanguisuga

33

37




Table 51l. Reletienship betwsen the numbsr of leech specles in ponds en lakes and

the total alkalinity.

Source of

informatien.
Number of leech
species present

% of ponds om lakes
Bennike 1843 - without leeches

Mean number of leech

specles per leech =
bearing pond.

Range of total alkabinity.

© ~ 10 ppm 10 -~ 100 ppn
9 10

33.3 0

Number of leech
species present.

Mann 1953 % of ponds om lakes
without leechesg

Mean number of leech
‘species per leech
Bahting pend.

1m a2

16.0 0



6@390@&.5»5@@0&06 +. E&.I.v gﬁmwwwgwwswnwmaa m.m na@onuaoﬁvﬁcm&»gw,mmeﬂ

species.
am..IrAvsu...ﬂv Bmt.nﬁ.u.éu total alkalinity (p.p.m) vm
pigidmus maximum »inimum maxious ainisum  maximun minizame maximum
)s 112-169 1.5 23.0 3.3 26 . 6.4 9.6
(i3 132-1.9% 2.1 $3.0 6.5 112 6.8 9. 4
{(14.5) = (134.3) B
s 132-195 1.9 93.0 3.3 112 6.4 9.6
(1@.2)  €88.3)
49.3 90.2  21.7 75.3  Not measured
L3 76-123 3.1 - 25.4 4.0 67 6.9 8.5
(35.0) (60.0) .
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Trocheta bykowskii and Erpobdella octoculate seen

not to exist together. T. bykowskii is found in four stfeamé,
~E. octoculata in three. In.the Wear, E. octoculata was found
exclusively in the river bed below the water level, T. bykowskii
wes almost alwa&s found in the shingre bank above the wAter
level. No specimens of T. bykowskii were found in the
shingle bank after it was covered by water (Wear, Franklend's
Farm, 27th August). In éﬁe other rivers g; bykowskii lives
bothLin the bed and in the banks. Competition with E. octoculata
is not a likely explanafion for the absence of T bykowskii from
the bed of the Wear, since the elimingtion of a species would
certainly take more £han a month. The most 1likely explanation
is that the specimens of T. bzkowskii moved upwards in response
to some chemical factor in the water.

From the report of the Vear aﬁd Tees River Board (1965)
it was fonn& that Croxdele Beok, and the Browney below its
conflnence‘with the Deerness (Trocheta bearing rivers), have
a oconsistently higher chloride éontent and'biological oxygen

demand than the Wear or Gaunless. This is shown in table 53.
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Table 53
‘River Mean C17, Mean B.O.D.
Wear above Gaunless 14 p.p.m. - 1.3
Gaymless 26 PPl 1.8
Wear below Gaunless ,
to Durham ' " 16 - 26 PePelle. 1,5 - 4,1
Browney & Deerness 47 pepem. 7.4

Croxdale Beck 207 pe.p.m. 55

Bennike (1943) investigated five Sphagnum bogs
with total alkeiinities of O - S.p.p.m. and 13 marshes
with 15 --100 PePelle totalhalkalinity. (Marshes may be
defined as having higher total»alkalinities than Sphagnum
bogs, and a vegetation not domingted by Sphagnum).

Leeches werc present ig all the marshes, but
absent from all the Sphagnum bogs.

Herten (1937) states that water containing
dissolved substances from peat ié poisonous to leeches, and

that Helobdella stagnalis i1s more resistant to this form of

poisoning than Erpobdella octoculata.

It was thought that Trocheta bykowskii might be

ebsent from the bed of the river Wear because of higher

sensitivity to peat effluents than E. octoculata and

G. complanata.
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To test this hypothesis, the following experiment
was carried outs =«

8 specimens of G. complanata, 47 specimens of

Ea.octoculata.-and 11 speciméns of T. bzkoﬁskii were put into
wéter from a moorland stream which cbmpletely‘lacks leeches.
The water was replaced every day.

At the end of five days all were alive, and appeared
perfecti& healthy.

A stronger solution of peat effluent was made by
soaking some péat in water from the same stream for 12 hours
end filtering the resuitant solutidn.

The immediate reactions to immersion in this
solution were: |
G. complanata. The suckers failed to hold on to the glass.
fhe animals continued to make unsuccessful crawling movements,
flexing an& étfaightening’their bodies,
‘g. octoculaéa. The enimals lost the power to grip the substrate.
Most of them made very rapid, convulsi;e éwimming movements, which
lasted up to 30 minutes. A few of the larger specimens managed
to attach the reaf sucker, after a few minutes, but could not
attach the front one;
T. bxkowski;; The animals lost the power to grip with their suckers.
Most made convuleive swimming at first; after 5 - 10 minutes this

stopped. Many small pieces of grit stuck to their bodies, possibly

due to some disturbance of the slime glands.
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Death was presumed to occur when the animal no longer
moved spontaneously or responded to touch, The animals may in
fact have dbeen moribund well before this stage was reached.

The time taken for the leeches to die is shown .1n
figure 24, The relationghip between the individual weight and
the length of survival is shown in figure 25,
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FEEDING HABITS

The gut contents of 20 specimens of Trocheta bykowskid
were ezamined under the microscope. It was found that:
10 contained setae of small oligochasts (mainly Naidse)
" 3 contained chironomids
3 conteined terrestrial oyclerrhaphous larvae
2 contained ostracods
1 contained inseot trachese
1 oontained legs of & probably terrestrial insect
1 contained large setae, probably from a lumbricid

All contained & considerable amtunt of grit and amorphous matter;
many oontained live or dead algal unicells.

Table 54 shows the feeding hebits of the leeches found
in the river Wear and its tributaries, It is based partly on
obgervations, partly on Herter 1937 and Mann 1962, Several
details are not given in the table, For instanse, only the
young of G. gomplanate (weighing less than .0050gm) attack
E. octoculats, T. bykowskii and E. gctogulata, when they
feed on large oligochasts, attack only immature specimens,

or dead or injured adults.



w Table 54. Feeding habits of the leeches found.

Molluscs Oligochaets Erpobdella Trecheta Ostraceds <Copepods Asellus Insect Birds
small large larvae .

Leeches:

: Therowyzen o
w tesselatum o o o ° ° ° ° ° . o .
pobdelia . ;
octoculata - - © * . * - e - - . - . o
Trecheta
Trocheta _
’ - * * E ] *® - - - v ]
i ® o leech is known to prey on this animal.

,, g - = it is not knewn whether the leech ,vwoﬂm on this animal,
, ": @ = leoch prebably or definitely dees net prey on this animal.
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It was observed that the young of Helobdella stagnalis
have a strong tehdency to. attach themselves to other leeches.

In one sample, 111 out of 148 speciméens of H. stagnalis weigking

less than .0020 gm had attached themselves to the lower surface

" of 10 specimens of Glossiphonia comglanata. Six had attached

themselves to.seven specimens of Trochets bykowskii.

To test the possibility of onme form of phonesy,

groups of 10 young Helobdella stagnalis, 10 young Glossiphonia

‘complanata, and 3 young Batracobdella paludosa vere each put

into a glass container, diameter 6", containing a large specimen

of Theromyzon tesselatum. The following reactions were observed:

H. stagnalis, All had attached themselves to the ventral surface
of the Theromyzon within four hours. They were attached by the
near sucké:, and did not appear to be feeding on the T. tesselatum.

G. compianata showed no response to g;“tesselatum.

Batracobdella paludosa. These attached themselves by the

anterior sucker to the edge of the dorsal surface of the
T. tesselatum within two days. They appeared to be feeding
on it.'

Glossiphonia complanata hes been observed attached to the legs

or feathers of aquatic birds (Herten). I ‘have often found

that up to ten specimens had attached themselves to my feet

while I was collecting,.

I observed no tendency towards phoresy in any other

speciess
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4According to Herter, leeches or their cocoons may be
ocarried accldentally along with algee and debris by birds and
nammals,
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DISCUSSION

The following aespects of the present work are
discusse&t |
i. The 1n£iﬁence of other animéla.on lesches,
i1, The ¥ﬁ:1uonce of chemical factors on leeches.
iiif-‘Tho influence of the natu;e of the substrate on leeches.
iv. The abiiity of leeches to disperse themselves.
Ve The methods used in the presemnt work,

- vi, Possible future research suggested by the present work.
i. Influence of other animals on leeches

From table 54 it can be seen that all the species

fqnnd, except Theromyzon tesselatum eat a falrly wide range
of prey. Almost all the sites examined were £Oupd to have
la;ge populations of snails, insect 1€r§ae. and oligochaets.
These sites are therefore able to support any of the species
found, except possibly T. tesselatum,

- The main exception is Croxdale Beck, which has
comparatively few snails, In epite.of this it supports a

population of Glossiphonia complansata. It was therefore

concluded that the distribution in the streams examined is

not caused by the presence or absence of suitable prey.
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Mann'(1959) states that I. bykowskii is unable to

establish itself where Haemopis eanguisugg is present, This

seems unlikely, in view of the fact that both species were
associated in quite large numbers irx a shingle bank in the

¢

Wear at Frankland's Farg, Durham.

1i, Effects of Chemical factors on leeches

3

From the results of'thé prosent work it appears that

Gloésiphonia complanata is the most widéspread specles, and

tolerates the widest range of ca*?t c@ncentrations. The other
spegiea appear to tolerate only a rélatively narrow range of
Caleium concentrations (see table 45, figure 20).

Thie result differs from the obaservations of
Tucker (1958) who found that H. stagnalis and E. octoculata
occurred at calcium concentrations much higher and lower than
the apparent upper and lower limits found in this work (see.

table 46).

K.H. Mann (1955) gives total alkalinity, not calcium
concentration. If the relationship between total alkalinity
and calcium concentration given by Tucker (1958) is valid
(see figure 23), G. camglanata and §.,octoculata occur in
~ waters which vary from an extremely 16w to an extremely high

calcium concentration, Though extremely high or low
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concentrations of calcium may affect these species, there is
in spite of the results of the present work'né sign that calcium

may be a limiting factor in nature, Helobdells stagnalis, on

tpe‘othér han¢..ie~absent from the two tributaries of the Wear
with the highest calcium concentrations, and from.the‘three'
bodies of water investigated by'yann (1955) with the highest
total alkalinities. : It islpoasible'thét high calcium
concentrations are a limiting factor for H. stagnalis, The
level at which calcium becomes limiting might itself be
affected by other factors. | T. bykowskii may eccur only
within a fairiy-narrow-iange of caié}um éoncentratiéns

(4§ - 91 p.p.m.), but it was not possible to confirm this
by reference to other work. It was only found in waters
with a low total resistivity (lese than 300 (see figure 22),

i.e. with a high concentration of dissolved ions.

Bennike (1943) and Mann (1955) found that

3

Haemopia sanguisuga appears not to occur above calcium

a

concentrations of ¢. 76 = 123 p.p.m., and total alkalinities
of ce 70 p.p.m. (see table 52).
There seems to be little difference in the minimum

total alkalinities on calcium concentrations tolerated by

H. sta nalis; 8. complanata, E. octoculata. and H. sanguisuga.
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Tucker (1958) determined the magnesium contents of
the ponds investigated. His results éeem.very low, ranging
from .2 to 6.8 p.p.m., while thosg»of the present work range
from .8 to 210 p.p.ms Only 17% of the streams found in the
preéent work to contain leeches had siagnesium concentrations
witﬂin the range found by Tucker. There is no evidence that
maggesium concentrations influenced tﬁe lesch populations.,

‘ 0f the leechless streams féund in tﬁe preéent work,
two:are rivers draining off moorlands, thus ?ontaining peat
effiuents; three are small streams éolluteﬂ by sewage, coal
‘wastes, or detergents (see table 46), It is thus quite
likely ihét‘the absence of leeches is not due to the calcium
and magnesium concentrations present.

The frequent absence of leeches from waters with
iow‘oalﬁium concentrations or total alkalinities (see tables
48 & 51) may be because such waters are often found in moorlands,
and therefore contain peat effluents.

The upﬁer'reaches of the Wear, draining off moorlands,
lack leeches, = Helobdella stagnalia.is found in large numbers
higher up the Wear (Witton-le-Wear) than any other species.
This is probably due to its greater tolerance of peat effluents.

It was thought that T. bxkowskii-might be absent from
the bed of the Wear because of the effects of peat effluents.
The experiment with peat waters, however, showed that Trocheta

bykowskii is in fact less sensitive to water containing peat
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effluent than either E. octoculata or G. complanata., Specimens
of G. complanata an@ Eﬂ octoculata of equal weight w;re'roughly
equally senaitivés_ 'The specimens of g.'comglanata did'in-fact
die~sqonef because of their smaller size., The experiment was
noﬁﬁenti:eif satisfactory, since the smallest, and therefore

o

preéumably‘mqet sensitive, stages were notlavailabi§.

Lo

It is'etated (p.75) that Trocheta bykowskii is

pioﬁably absent from the'beda of'the’Wear,and Gaunlesz because
of éome chemical factor.‘ These rivéré have consistently -
lower'chlbfidé concentrations and biélogical“oiygeh demands
than the rivers with T. bzkowékii'in,their beds (see table 53).

w < +However, the Wear and Tées‘Water'Board quoted about
25 differant,éhemical and physicai faétors for each river that
they examined;' The fact that these two factofs were consistently
- higher for rivers with T. bzkowgkii in their beds is therefore
not sféﬁistically significant. No: conclusions should be drawn
from'table &9 uﬂless the resulte are confirmed by other wvork..

iid, 'Efquts.of Substrate

The relationship between the numbers of leeches per
square yard and the nature of the substrate is given in
figures 12 &HIB;' the relationship betwéen the percentage éaqh
species forms o} the leech population, and the nature of the

substrate, is given in tables 38 & 39..
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The various species found appear to show the

following substrate preferences:

Helobdella stagnalis,

In every river where this'épecies occurs, it is
commonest on stony substrates with a slow curreht, vhere it may
egiét-in very large numbers. It is much less common among ne;éa,
and is completely absent from mud, and from shingle banks' above
the water levels

The population-density and the percentage of
H. étagnalis in the total leech population both decrease rapidly
in areas with a moderate current. This is shown in the river-
WGa} where mean poﬁulétion in stony areas of slow current vary
from 80 to 332 per square yard (51 - 78% of the total leech
population), which in areas of moderate flow means populations
vary from ¢ to 3.3 per square yard (0 - 18% of the total leech
population); This decrease is also confirmed by Mann's
results as shown in table 49, This.shows that, of the rivers
with less than 80 p.p.m. total alkalinity, three were described
as "very slow" to "moderate"; the remaining six were described
as "fast", - In all the "fast" rivers, gf stagnalis is absent,
or present in very'low pumbers; in the "slow" and "very slow"
rivers it is the commonest speciea;A.in the one ‘'"moderate"

. piver it occurs in equal numbers to E. octoculata.
Populations of H. stagnalis vary greatly within

.apparently uniform areas, The clearest examples of this are




shown in table 40. AIn the river Browney, areas 6 - 8 which i
had been disturbed by previous sampling had -a mean population ;
- of 69.4 H. stagnalis per square yard, while areas 9 - 15 which ,
had not been disturbed héd a mean population of 22.1 H. stagnalis |
per square yard.: |

‘After an area has been examined it is impossible to
replaée_all the stones exactly. ;The crevices between the
stonés and the underlying mud will thefefofe be Qider than
before. H. stagnalis was never found on.those surfaces of
stones which weré actually touching the mud, and appears to
be unable to burrow into the mud., Widening the gaps between
the stones and mud would therefore make m§re space avéilable
for this species. The numbers of this species are probably
to a large extent determined by the degree to which the crevices
between the stbnés are filled by mud. This factor is difficult
to measure exactly. It may, however, be significant that four
of the areas with very large populations of H. staghalis
(Gauniess, 29th August, Wear, Frankland's Farm, ¥Wear below
Gaunless, Bishop Auckland, and the Quarry at Wearhead) had
largely artificial substrates, including much broken brick and
"slate, Such areas might‘tend to have high populations of
H. stagnalis until the crevices are silted up.

Glossiphonia comglanata is commonest on stones in

areas of slow current. In the river ltear it forms only 7 = 28%
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' ‘ y
of the total leech population on this substrate becaj%e of the
' b

presence of very large numbers of H. stagnalis and E{ioctoculata;
o 2

In other rivers it occurs in roughly similar numbers.’but usually

forms a 1arger proportion of the population on this type of

\’ . ‘- ) i.)
substrate. It is also fairly common on reeds. %

G. omglanata becomes less common as the current
iﬁcreases. The density decreasea less rapidly than that of
H. staggalis and E. octaculata. so that it fa;ms a higher
proportion of the total leech population in regxons with a
moderateaeurrento Thus in four out of six groupa of samples

. i,
from regions of moderate current from the river Wear &

G. complena ta forms 30 - 43% of the population.

L s

' G. omglanata does not show as much variat%%n within

an apparently uniform substrate as g, stagnalis or ld-bzkowa
, Do \‘
(see table 40)., It appears to respond to differencg? in

substrate less than other species. - %

A few specimens of G. comglanata were found?on sticks
among the mud of the Vear, or in the edge of the ehi% le banks

in Croxdale Beck. These few can be considered as sﬁgays from

‘ ' )
nearby reeds, - '
. G. complanata is practically confined to sg;id

substrates beneath the surface of the water,

2
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Erpobdella octoculata

This epecies is commonest on stony substrates with a
slow gurrent¢ and among reeds. On'the stones in slow parts of
the Wear it has mean densities of 23 - 81 per square yard (1#‘-
34% of the total leech population). .The numbers Qn reeds are
approximately similar (47 - 90 per sqguare yard). but this species

forms 48 -« 80% of the total leech population because of the

scarcity of H. stagnalis.

The populations of-Erpobdellé dctoculata are lower

in areas with a faster current (5 = i per square yard). This

~ decrease 1s slower than that of H. gtagnalis so that it tends

to form a larger proportion (44 - 8U4%) of the total leech

population. This tendency is shown in Mann's results (Table 49),

In the two slow flowing streams with less than 89 p.p.m. total

alkalinity E. octoculata forms only a small percéntage of the

total leech population; 4in the seven remaining streams it is

dominant, or co-dominant. Unlike the Vear, there seems to be

é decrease in actual numbere.of E. octoculata in the slow streanms.
Both the numbers of E. octoculata and the percentage

it forms of the total leech population taken from the VWear at

Croxdale on 30th April and 4th June are much higher than those

of the areas sampled on Lth July.and 6th August. The areas

sampled on the latter two dates appear to have been lecs

sheltered from the current than those sampled on 30th April
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. and 1lst June., . It is possible that the lower proportion of
E. octoculata and the higher proﬁortion of G. complanata on
hth July and 6th August were due to E. octoculata being less
resistant to cuérent than g..comglanata.

‘The extremely low numbers and proportions of
E. octoculata in areas with a moderate current above the confluence
with the Gaunless may be due to the combined effects of current
and predation by Trocheta subviridis.‘ |

E. octoculata is alﬁost never found above the water
levei. It seéems to be the only species found that can live in
nud without any firm substrate.

Trocheta bykowskii

ﬁost specimens of T. bxkowski; were found in well
marked burrows under stones. In the river Wear almcst all the
specimens were found in an exposed shingle bankj in Croxdale
Beck and the river Deerness the highest numbers were found in
shingle banks, or in stony parts of the river bank. It thus
seems that T. bykowskii is most common in stony soil (the
interstices in tke shingle banké were all filled with soil) at
or just above the level of the water table. It is also quite
common on river beds consisting of loose stones, as in the
Deerness and Browney. It is not known how faf T. bykowskii
penetrates into river banks. It shows a definite tendency to

accumulate under large flat stones (see tables 2k & 30).
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Like those of H. stagnalis, populations of T. 'bykowskii may
vary greatly within an apparsntly uniform substrate, as can be
'séen from the samples from the river_Deérneee on September 3rd -

5th (see table 40).

Trocheta subviridus ‘ e
| ‘This speciée.was'fopnd.in f?ifly large numbers in the

parts of the Wear with a mbdergte current‘above'the Gaunless at
Bishop Auckland. _ |

| According to Herter (1937) there are two "ecological
races" of this species. One ‘lives in fast ﬁountain streams
. and is confined to the water, the'other lives in stagnant or
s;ugéish and often polluted watefs, and is amphibious, The
specimens from Bishop Auckland were of the former type.

It is noteworthy that not qhe specimen of ‘T. subviridus
was found in the slow flowing parts of the Wear at Bishop
Auckland.

Specimens of T. subviridis were also found near or in
a small pool sheltered from the ma;n body of the river Wear at
Croxdale. During the winter when the river is higher this pool
is joined to the river. They are thus living in a completely
different habitat from those found at Bishop Auckland, The
aingle adult specimen found here also differed in appearance,
being yellow, not green like those at Bishop Auckland. The
population profiles (c.f. figure 2 and figure 8) are also

conpletely different.
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Haemopis sanguisuga seems to be commonest among reeds and in
stony banks just above water level, Occasional specimens were
found in stony parts of the river bed.
The difference between the results obtained by

‘K.H. Mann (1955) and those of the present work when comparing
leech faunas of stones and reeds (gee table 41) may be due to
three'possiﬁle factors:

i. The reed beds examined by Mann may not have consisted

| of Sparganium erecta.

ii, ' The reed beds examined by Mznn were in étill. not flowing,
~ water.

iii. The reed beds examined by Mann may have been on a stony,
not a muddy, substrate. - The aerial shoots of S. erecta

die down during the winter. . Since there are no stones near |
these reed beds, the leeches would have to burrow in the
mud among the rhiyomes of S. erecta. If, as has been
suggested, H. stagnalis has no ability to burrow in mud,
then almost}the whole population would be exterminated
during the winter. E. octoculata, on the other hand,
can survive in mud without any solid substrate. Its
numbers would therefore not be so drastically reduced
when the reeds die down in the autumn.

If the reed beds examined by Mann were on a stony
subastrate, then a far higher proportion of the H. stagnalis

population would survive the winter.

]
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Dispersal

Glossiphonia complanata or Helobdella stagnalis were

prasent at eVery site where leeches were fopna. This includes
iour sites which are isolated from leéch.béaring waters
Waskerley. Beck and Cowshill Quarry; which drain into leechless
‘sfretches o{ the river Vear, Crossthwaite Beck, draining into a
léechless stretch of the ﬁppef Tees, and the cow pond at the
Cock of the North, Durham, which has neither inflow nor outflowe
Thé specimens of G. compl&nata found in the upper parts of
Brancepeth and Whitewell Beck can also be demscribed as isolated
. siﬁce this species cannot be'expeéted to crawl upstream from
the heavil& populated areas, over an unstable clay substrate.

One possible explanation of the presence of leeches
in such isolated places is phoresy.

The experiment with Theromyzon tesselatum (Results,

‘p&rt 5) was carried out because I. tesselatum enters the nasal
cavities and pharynx of birds, and sucks their blocd. According
to Herter, it usually spends 4 - 5 days in its host, and emerges
while the bird is drinking. . If young specimens of H. stagnalis
and B. paludosa are carried in this way, the chances of being
returned to the water would be great, the chances cf dessication
would be slight, and the distance over which they would be
carried might be considerable.

From the experiment it seems very likely that these

two species are carried by I. tesselatum, though further

N
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experiments would be needed to prove it,
| | G. complanata énd H. stagnalis may be present in
isolated sites because they have greater powers of diepersal by

phoresy than the erpobdellids or Haemopis.
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Animal numbers are eéstimated by two main methods;
marking and:recapturo; and direct counting of individuals,

The first method was not applicable here.  Leeches are moist

skinned animals, and therefore difficult to mark. They are

slow moving animals and would take a long time to randomize.

It was therefore decided in the present work to
estimate the density from samples of the population., This has
been done either by noting the pumber of individuals caught
within a given period, or the number caught within a given area.

The first method has been much used, e.g. Mann 1955,

.It was not used in the present work for the following reasonst
i, Areas with a moderate current tend to have small leech

populations living on a substrate of large stones. Areas
with a slow current tend to have a large leech population
living on a substrate of small stones. The population of
a given area with a slow current would therefore be counted
much more slow;y than that of an equal area with a moderate
current. The differences between the two types of substrate
would therafore be underestimated.

ii, There may be considerable differences between the speeds of
different workers. There may also be great differences in
the speed at which one individual works on different occasionsj
for instance a person will work more clumsily and therefore

more slowly when his hands are cold.
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;ii. If a population is described as numbers caught per unit
time, then it is not possible to estimate the mean population
of an area, or to make a comparison with animals caught by
another method, e.g. dredging.

For this work, the choice had to be made between searching
for leeches in a large number of small areas or in a smell npumber of
1argg areas. Since a stony fiver bed is a very irregular substrate,
samples of an exact area or volume. like soil cores, cannot be taken.
Supposing that, owing to these irregularities, the lengths of the
sides of the quadrats examined may very by as much as one inch,
then the actual areas of foot square quadrats will be llgin to,l}ain.
Thus the maximum quadrat will be 40% larger than the minimum., If
the?quadrat gize is increased to 6 sq.ft., the difference is only
15%. '

Leeches in general have a strong tendency to aggregate
together. A small quadrat sige would tend to give a'largc number
of zero readings and very high values. It waé thought that larger
quedrat sizes would give samples with smaller variances relative
to the mean, and a variabllity tending to approximate to a Poisson

distribution.
A further difficulty about using small quadrats is that

when the sand or mud beneath the stones is taken out for sieving,
sand or mud flows into the area from outside. It is thus not
known whether the leeches caught in the sieve were originally

within the quadrat area or not. This source of lnaccuracy is
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made less imﬁortant by using large quadrats.

The ideal solution to the problem of quadrat sige would
of course be to use large numbers of large quadrats, It toock an
‘average of 1 « 1% hours to examine each of the large quadrats
which were useds. It would be imposaible  to use' twenty or more
such quadrats at each site without greatly reducing the number of
sites examined.

It was therefore decided to use small (5 = 10) numbers
of large quadrats. Unfortunately, this means that the statistical
results are often very vague. The upper 95% confidence limit for
the mean, for instance, is often ten times larger than the lower
linmits, This means that only the most extreme differences ﬁbgween
mean population densities at d;fferenﬁ sites can be shown to be
sﬁééistically significant. If larger numbers of smaller areas
were used, the confidence limits for the mean would be narrower,
but would be based on less accurate samples.

The inaceuracy in one group'of 20 « 30 samples is likely
to be as great as that in another such group. The two groups of
samples would- therefore be statistically comparable. Thus using

large numbaré of small guadrats would probably give better results,
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Proposals for future research

Two possible ldines of.reaaarch were suggested by the

v

présent.work,

In'general. animal popnlations‘are sampled from‘anppﬁsedly
uniform substrates. The differences betweeﬁ_quédrats are suppoéed
to refléét tendencies of the animals towards aggregation on unde;-
dispersal. Ié is quite likely, however, that most stony river
beds are not uniform at all, and tﬁat the distribution of leeches
is cemplicated'bo;h by their tendoﬁcy to aggregafe and Sy irregular
differences in the aubstrate; The accuracy of the present work
has been greatly decreased because it has not ﬁeei ﬁossible to
Judge ihe nature of the substrate at all exactly.

A series of accurate measurements of factors within the
‘substrate would therefore'be very useful,

Possibly important factors includes

the speed of water over the surfgce oflthe substrate, and in
the grevices betwaen the stonesj -

the degree to which the crevices between the stones are
filled by mud or sandj

the relative aize of the stones in-the substrateyg

the proportions of mud, sand, and orgaﬁic matter within the
substrateg

the oxygen content of the water between the stonesj

the presence of toxic substances, such as hydrogen sulphide,

in the mud.
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Though some of these factors might be hard to measure,
they would prdbably'give a clearer axplahafibn of the variations
in numbefs of‘;eechee. |

" The‘toxicitj of peat effluents to leeches:is not yet
understood. »it is not pauaéd by eitherllow pH or high organic

content of the water., Presumably it is caused by some specific

cqmpound'or_eompoundé. These have not been identified. If these

toxins could be identified and isolated, the susceptibilities of the

various species could be conrpared exactly. It would also be
poasible to distinguish between the effocts of low calcium or

other anion concentrations and the effecta of peat effluenta.
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. CONCLUSIONS

i" None of the.spécies éppgar to be limiped by a shortage of prey.

H

1;; Calcium and peat effluenfa are the only chemical factors which

H ¢ . 4
¢

ﬂ were shown ﬁo influence the presence and specles composition
: of‘lééch populations. - |
.‘Hélobdélla stéggalis ﬁnd'Haemogis saﬂsuisgsa seem to be

s unable to inhabit waters with high cﬁicium concéntratién&.

Helobdella étésnalié nay be.aﬂle’tdwtolerate higher calcium
i concentrations (¢.112-169 p.p.m;) than Haemopls sanguisuga

(€476=123 popems)s

Helobdella stagnelis and Trocheta bykowskii are leéss

susceptible to pecisoning by peat effluents than Glossiphonia

complanata and Erpobdella octoculata. For thie reason,

- H. stagnalis is found higher up the river ‘iear than

G. complanata or E. octoculata..

144, : In the rivers investigated:
H. stagnalis is commonest on stony areas with a slow current,
: where 1t~may be the cormmonest species, and is rare on reeds or
stony places with~a moderate current,
G. complanata is commonest on stony areas with a slow current,

‘and on reeds. It may be the commonest species on either of

o

these substrates 4f large numbers of H. stagnalis and

E. octoculata are not present. It is less common in stony

areas with a moderate current,
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__E_{.‘ octoculata is commonest in stony areas with a slow current,
end among reeds, where it is the commonest specles, It is
less frequent in stony areas with a moderate current, but is
the commonest species on this substrate, in the absence of

Trocheta subviridis. E. octoculats is the only species found

that inhabits mud without any solid substrate,

Trocheta bykowskil is commonest in stony river bahks or shingle
banks just above the water level, It is less common (in ons
case nearly ebsent) in stony river beds.

Trocheta subviridis was found in two very different hadbitats;
a stony area with moderate flow at Bishop Auckland.

a small pool, separated from the river by a shingle bank at
Crozdale,

Haemopis sanguisuge 4s commonest among reeds (Sparganium
erecte) and in stony parts of the river bank just above water
level. It 1s occasionally found in the river bed.

Phoresy may play an important part m the distribution of the
Glossiphorids found, In the case of H. stagnalis and

Batrasobdella paludosa the “oarrier" is Theromyson tesselatunm;
in the ocass of G. complanata, the "carriers” are warm blooded

vertebrates,
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SUMMARY

Avees in the river Wear, some of its tributaries, and
four nearby waters were searched for 1e§ohea. Hean densities
and, where possible, eonﬁdence 1imits for the means were calculated.
The caloium and magnesium contents, pH, and total resistivity were
measured, These factors, end the nature of the substrate; were
related to tho densities of the leech populations,.

Experiments were performed to test the possibility of
phoresy ocourring using Theromyson tesselatum as & cerrier and to
£4nd the relative survival times of H. stagnalis, E. cotogulata and
T. bykowskii in water containing peat effluents.
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