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STUDY AREA

All work was donc on Sherburn Bsck, along & ovraich of
about £ milo, between the villages of Shedforth and Shorburn,
about 4 milcs east of Durham City (Grid wefercnco: N2 24/38 3535 &1&).
This stream drains an ogricultural arca and its width varlos from
0.5 = 1.25m, with & challow stone gravel bottom over the ripple

oreas. (See Plate 1 and Map 1).



INTRODUCTION

The offcet of strcam eurrent cn thne actlivity of otwoam
invertobrates hac bocn an important ecnsideration simec 1927 and
not boforc but,a clear idea of this phenomonon in toxas of dplfe
hag only kocn discusgsed in the past thirty years, and only
oxtensively in the pogt fifteon years. Drift moons the pascive
movement of bottom=living otroam anliends in tho curreont and clear
of tho bottom, Pereival and Uhitehead (1927) were ameng tho £irst
people to considor the effect of curront. Thoy studicd diffoxront
Lypes of stroam bed and triced to corxolate this and othor pnysiend
factors with the abundance of stroaw-dwelling animals., Throushout
this early paper &hicy rofer o all thc common specics svudicd in
my thesis and coneludo $iunt, deponding upon worpholozy, physiology
and agtivity, thosoe species are all affeocted by gurront Jpecd and
some are corried downsirsam, They do not, however, consider this
movomont a8 a significant fostor in tne digtribution of stxvon
.invertebPateaa Boak (1938) mokes o simple clasoifisaticn of a
vater moedow carrier strcam in terms of physical substrats which
range from opsn otones %o thoso covercd in chalk or s8ilt. Ho montiens

that & decrease in numbers of Commarus pulex in the autuzn in ouch

giprotohog rosulted in an inersage in numbers in magrophytle vegetation,
which he thought was duo to & "washing of the lorger Gpocimonsd cooo
into tho shelter of tho weeds”, but he also did not wmontion Arift.
Moon (1940), in his study of the Rivor Avon falks of a diumnal
variation in animzl movement with moxo activity at night, but he

also does not ¢olk of drift. Dondy (1944) made tho firot study of
"gtream orgenisms waileh oceur in drift in streams not subject to
flocds", and concludes that the throe stroams ho studicd were,

"aonstantly redueing their animsl populotion by washing individunls



awey in the drift." This is explorcd more thorougily by Fullor (1954)
wno made & statemont which hao since often been quoted a3 the first
which acknovledges the importance of drift. He says: The travelling
benthos (drift) was found during the whole pericd of the obgorvations
and we must rogerd it as o econstant foctor of running water Sommmd,

He is aleo the first to'iglk of wepopulation mochanismo. Tho next
important statemcnt on drift comes from Jopan. Tonaka (1260) opcncd

an exa of intensive drift rescarch with his paper on diurnal choanges

in drift. For tho first time the previocus ovidonce was liakcd togothor
and Tancka eoncludes from his data that most spoeies show an inexcase
in thelr rate of drift at night. This important discovery hns quiclkly
been followed by a lamge number of papers during the 1960's. In
Britain, Elliott (1965 a,b, 1967 &,b) has rescarched thoroughly on
 drift while in Amorica, Uoteors (1961, 1962, 1964, 1965) has complemontod
this with a considomation of the relationship between drift and
productivity, as hos also Horton (1961) in this country. In his 1965
paper, Uaters makes the first important refercnces to exccesive upstream
production as & possible couse of drift, with little upstircam movemant.
Hynes (1970) mives an excellont survey of this literature and disousses
all aspects of drift.

This thesis describes resulis of a study of recolonisation of
gtones in & stream, the mothod being basieally to remove {and keep for
identification and counting) all maero-acnimals from marked stones and
to repeat the process to got tho recolonising forms at vorying intexrvalg
(1-6 days) to study rate of rocolonisation. A brief study was also mode
of the actual drift of thesc swms bottomedwelling stream animals to
throw light on part of the mochanism rospensible for xocolonisation of
ony extensive unocoupicd space. In the light of rosulis obtained,

further studice werc made on xecolonisation of stones by the




Ephemeropteran larve Baetlis rhedani and the fregh-water shrimp

Camnarus pulex and of the numbers of both species par unit arca of

stream bed in difforing areas of the stream.



ALL-SPECIES RECOLONISATION EXPERIEENT (iap 1)
(first experiment)

Mothod

This was an experiment to study the rate of recolonigsaticn of
stones by all the macroccopic opecles present sawpled over varying
time intervals.

Twenty stones were selocted in & lengih of strecam of about 80 £%.
(see plate 1), Ten stones were from an aree of moderate current flow
and 10 from & notably faster flowing area., Such faster flow areas wers
mainly in rippléé where the width of the gtrcam was narroy enousn to
provide a dspth which would cover medium-sized ctones (stones of about
fist-sizo were selocted for convenicneo of hendling). The maximum
length, broadth and width of each stonc was recordced as well as
charactors such as gtone suprface (rough or asmooth). Each stone was
maasurcd for specd of water Llow over it with a Pilot to be (Boak, 1938)
held near the stone surface in at least four positions. Thdo gave a
range of readings giving & genoral idea of flow opeed in em./sec. by
the use of a calibration eurve. The stonc was then smartly lifted and
all animals removed using O wash-bottle into a glass jar. Carc was
taken to aveid loss by holding tho stone over the Jjoar while the wash
bottle was used, until every animal had been romoved, A omall area of
its surface was dricd with tissue and numbered with white cellulose
dopeP paint. When the paint wes dry tho steone was roplaced in as near
i1ts original position as pocsible. All animals removed worc taken back
to the laboratory, identificd, and the numbers eountcd. All specimons
were initlaelly kept in a fridzc and then preserved in 707 elcohol.

Other physical ameacurcments whieh were tausen during cach sampling
poricd were depth of water in centimetras on & well-fixed marser stone,

and water temparaturc (°C) before and aftor tho cample peried, with the
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time noted.

All 20 stones werc <thon re-sampled as described above agfter varying
pericds of time ranging from 1l-6 days. A sketeh map of thz sample area
vas made with the position of cach stonc noted and thougin some stones
lost nearly all their paint, it was soon possible to recognise them
visually.

The gtatisidal procedure was &8s follows:

(1) Student's T-tests were used to test for any difference botween
mean values. Uhen tests are referred to in the text, 0 Bignificant
difference means that the value P was < 0.05 and & Nen Significant
differcnce moans that the value P was >0.05,

(2) In rosulis tables all t-values which are not significant arc

omitted and only theose that are significant are included.

Results

The averege flotr specds over the 10 stones for the medium-flow
regime end the 10 for ¢the fast-flow regime have been plotied for each
sample taken (graph 13). Plow depth (graph 13) and water temperature
(graph 1%4) have also been ploticd, and all results are on Table 12.
To make the temperature readings comparable, only those tasen near to
1200 hours are plotted on grapn 14 so that any seasonal trend may bo
noticed. The temperature roadings used are marked * on table 12,
Dopth readings, as they were oll taken from the saso stone which was
firmly embodded, are comparable. The stone dimension measuremsnt
results {Table 13) indicate that therco is a Statistically Significant
difference botveen stone longtn meacurements for medium and fast flow
regimes but otone width and depth are not statistically different.
There is unlikeoly, thereforc, bo be an overall Significant difference

in stone surface area oxposcd to stream found as these measuremenis



wore moximun readings only end moSt stones were non-uniform in
general shnpa.
When the actual results for fauna arc considercd (tableos 1 %o 8

and graphe 1 to 8), the most abundant spoeics prosent are occa o bo

the Crustasecan Gommarus pulex; the Gastropeds Hydrobid joniinsi and

Limnaeca truneatula; the Trichopteran Apapetus fuscipess tho Ephemcpopteran

Bagtis rhodaniy and lorvel Chironcmidos. All of these have baon plotted

on grapho with Stendord Hrrors for cach mean,

Ag oxplained in Matheds (page 6 ) half tho stenos wore £roo O
medivm flov rogime and half from o fast flow regime. Thus, for cach
specios thore aro two cets of results. Hach of the akove 6 cpecies
will now bo discusscd scparately. Each reoding from medium onf fast
flow rogimos was eomparcd ugsing T-tests, as werc any variaticns within
cach regime with time that looked biologieally meaningful., Tho Null

'Hypothesia nere 18 ¢hot nunborn of organisms are distributcd cqually
between the two camplcd flou regimes and thot numbsps of ormanicms
present are not affected by the length of the sampling interval or
by any other faetors.

Goemmaruc pulei. (Table 1, Greph 1)

This orustocecan shows almost no evidence of a corrslaticn botweecn
gsampling intorval ond numbsr collected from stones. A "U¥ ghaped plot
for the histogrom would bo expzeted 1f this were so and this is elearly
not the case here (Graph 1). Although the fast flow regime indicates
& 8light decreage and increass befpre oand after the day sampling interval,
ﬁnis i8 not statistically siznificant. Therefors the Full Hypothesis
is upheld. The only significant difforences botuweon modiuvm and fast
C £low reginos are on 19.5.75. and en 26,5.75. These shew that significantly

larger numbers of Goumorug pulex were found recolonising stones in the

medivm flow aroas in Sherburn bseck. This is hardly curprising, for

10
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several reasons. G. pulex is very active in most streams and wovos
about on the stroom bcd by scuttling from rock to roslk, It ig,

hougver, & poor suimuor (Hymnos, 1954, 1970). Tais mothed of movezont
moong that o swift curzont is liable to sweop ¢hem doomsironn 08 dpige
until they reasch arxeas of Sleower £leu whope oy com potrent Lfrom ¢ho
current bencoth stoncs., Conseguently, aa aseuzuwlotion of Q.pulox 1o
likeoly in tho mcdiuvm £lov oxeas, gomd of whieh will immediotely

. colenice tho wiperimontnd stencs., Other colonisers con bo oxpected
from ths resident populotion tnich ecan casily move entbo the cxperimontnl
stoneg from surrounding stones. The othor lmportont fostor here is
focd supply. C.pulox 1o a scavengor and dotritus fooder (Minckloy, 1863)
and will thoroforo tend to bo found most in arcas whore sveh detritus
accumulotos, and 1% is only in the modium £lov arcas thot loxygor ameunto
of dotritus got @ ehaneo o Getile. Tho constant clcaring of tho foaung
off gtones will ohviougly romove detritus from under and on SlLoNc3 80
G.pulex individuale drifting in the water ore wililely to bo otbrasted.
Hovwover, detritus will almost cexrtainly cllew laxge populations to be
supported in mcdiva £le arcss which will increase the choneo of
rocolanisation £rom noighbouring ctones.

The othor intorooting eshange hore i within the populations
inhebiting tho mediun-Slor rogimc. A steedy inercasco in nusbors couvgat
over the somplo period ean bo netiecd, irrespsetive of the scawple poriod,
This ic stotistically Simnificcnt and afwor 26.5.75. cheus o Significont
dacreane., The steody incroase in numbors eowgnt in modiviy £low oreas
i3 probably duo o tho dovcleopmant of tho next gcneraticn. During this

pericd, inerecsinz numbors of juvenile G.pulex individunds wore eollectcd.

The degrense in numbors 0 more diffieuld Lo exeloin. Tac o aliernativaos

geen to be soms oot of chonge in the physienl genditions or somo ehongze

within tho Goggéax populotion due ¢o innate charasteristicd. we foreer

VS5



altorantive 18 walikoly, bocouse all physical meagurcient ond weathor
obsorvations indiscate constont conditicns. The laticr 16 thorcforo tho
moxc Likely explonaticn. The mest noticceable innato ehnracteriotie
licble o affect tho numbar of G.pulox individunlo covghd ic the potehy
distribution. If “nc originnd rosulto axe ecmsulicd (Toble 1) 4% widl
bo Geon 4hnb the ctones with the lergest numbors of G.pulox within the
mediva flow poglos wore cienc numbers 7, 8 and 9. Tnesc wors in quite
o aandl oren of the stroom bod ond seoncd o eontadn o posket of
nigh numbers of G.pulex, Sueh conecontrotions of mumvora in dotritus-rish
arcas are montioned by Bonk (19328) and Minckloy (1983). It is from cuech
pockoto that the docrease in numbors oftor 200.5.75. 4o woot marked and
15 probebly duc to mcmoval of tho focd supply by ecatinunl dioturbabec
due o sampling or possibly besause of oxhaustion of the foed oSupply
by the lorge numbers of G.pulox individunls presant.

Tno deercase in numvers for the medium £low rogies aroudd 22.5.75.

was not significant.

Limoeo truncatula (Table 2, Graph 2)

This spocics chows indieations of o coxralation bowiocn Folbizdee)ig
caught end sampling interval, especinlly for the medlun flov reoglEg.
Thore 1o o Signifisont doerense and inerease befors and ofter the cno
day sauple intervalg. The Null Hypothesis here can therafors be
rejocted. Reorranging the data, we con obtain averages of rendings
for cach sampling vime interval. These values (Teblce 11 end Graph 10)
indicate that such a rolotionship may be txue, but the variatien is
toe largo to give o relieblo line., Tho original dnta ghows, heucver,

het ¢ho zate of rocolonicotion by Limaca truncotula definitely doerstsod

whon oozpling intorvals ore loss thon two days.

Within the mcdiuvm flov rogime there arc notieccblo inercascs cn
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10.5.75, and 15.5.75. of numbers eolleetcd from tho cample atones,
The inercese in numbers beforo 10.5.75. 1o Significant. Comparing
these results with the physieal moosuremont results (Oroph 13) 4¢ 4o
noticcnble thot there axrc corresponding inercascs im £1¢7 dopth and
specd durinz thoso porlcdo. The othor most notigocble variotien within
the madivm £lew wrogime is tho sudden deercase and inercace in nUodors
colloected avound 22,5.75. Thoee shomgos wore Jignifieont, Comparing
this with ths phyosienl meacurcment rosults (Orephs 13 and 14) the
most notieconble chongzes at this time wore slight deercases in £leo
dopth and specd ond water temperaturc. The inercnso in xate of
recolonisation coineidos with a glight ineronsc in flow gpocd. IR
could well bo that £le7 speed, therofore, is tho megt dmportont

factor affceting drift in L.tmmeatula, althouch rato of resolonicovicn

connot be dircotly rolated to drift for this sposics (gce below). Most
fullegrom individunls can be cxpoctcd ¢o have o moximwa eurront which
theoy can withstand, A eurrcnt faster than this tould eauso o sudden
reloaso of contast for many indivi@uala ond 80 contributo towords a
rapid increase in the rato of recolenisation. Tho subscquent decrsasse
in numbers after 206.5.75. is Significont ond aseln coems 6 ke related
to & stoedy deercnso in flov specd during this poricd. A gloer £lov
gpecd wowld reduce tho nuaber of individvnls drifting ond thorefore
reduce, o & cortain cxtont, tho rate of recolonisaticn.

T=%0sts battteon the twe flov rogimes showr that neorly all values
are Significantly difforent and that more individunls oxe taken from
stones in mediuwm £loy arcas. The Mull Hypothesis cam thorefore bo
rejocted. The highor numbers recolonising stones in tho medium f£lov
rogime cannot bo dircetly rclated to rate of d&rifs, howover. Taisc 1o
beecuse of sovoral oubscguont cxporiments which sugmeot that there ic

& Significant proportion of CGastroped individunls (for Limpace trunectulo




and Hydrobile Jjonkinsi) eolenising stones by movoment Lrom noishbouring

otones (Tablo 16 and CGragh 16) and that even whon noighkouring stonos
are not deliboratoly noarby an in tho dzify not studios using otencs Lop
gsomparisen (Gzaphs 18, 19 and 20) ¢horo axo fav woro individunls moving
onto cloarcd stones thon eon Be ageounicd Lor in tao ApiLt, Althowx,
thorofore, thre is proknbly no dircet roladicachip noxo bBowwcsn wato
of racolonicatlon ond drifd, an ndirced rolatlicnohip SComS GRATE
detinite. Tawge numbors of Gostlopods can enly recolonliso stencs in
mediuwa £loy arens 48 thore io o large populotica living tiorps md 1%
i quito likely to bo o kosauvse of lcos drift Orea hids ored duz o
slower flow mboc. Tnio 1o supported by tho phycicdl COQGURTWING
resuwdto an digoussed abovo. ‘Tne bulld up of musbors in wrzdivm £low
oreas ic probably o gradunl pregoss thuwing ab least 4 op 5 days. I
geems Lo bo irromulor ond could tharofore o o io% lenzer, but

novortheloss is quito distinet.

Hydrobio Jjonkinsi (Tablo 3, OGxaph 3)

Tho andn intoresting fluwetuntions whdeh eon be gecn whon Graph I
is eonculicd goour boforg, during ond afgor the chortost campling
pericd for tho medivwa flo7 reglmd. A Signifiecnt deercase and inAcxonco
durinzg ¢the ono doy ccapling intorvalo indisates that thils Gaotroped
spocicn bas a rothor oler rate of recoloniontilen, Houevor, the number
rogorded on tho graph 1o subject to co mmeh flustuatien that no svecdy
reloticaship botioon compling intorval and nuabey rosorded oxiees. Tno
avoraze numbors for cach oomple poried have bocn detoyoincd (Table 11)
but woro not ploticd,. The incredase in nuokors of imdividuals eollcetcd
from stones inoronscs £or 10.5:.75. and 15.5.75. Lop the medium £low
rogies, The dnorecce bofoxo and deercoes aftor 10.5.75. axe both

statistieally Significant whnile the inercossc Bafoxrd 15:.5.75. 10
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Hydrebia jenkinsi. Graph 3

Madium flow.
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Hon &imificong. Tue inerxrcoase in nmumbors ot 10.5.75. cormospands
with an ineronse in £low dopth cod opezd (see Groph 13), oo fep

Limace truneotuld. oo desrcnses ani inercnses in nuabors eaught £rom

gtonos dn beth £low wo3incs teveras oo cnd of the oomsle poried ard

also Significont Lor modium flows Jueh o ouddon dosroaco im FOgo of
rocolonisation (ond partly, therofore, of drift) 4o difficult o rolate
¢o ooy physical fosters, Tne mest likely orxe £lou dopth cnd opood wnilen
wero chowing o stoedy docronsc during ¢this poried. IEarlicr in ¢ho
carpling apound 6.5.75. rother omall £lou depth and cpocd £igures alsco
coincldcd with o sloy robo of rocolonicntion., It ccoms idkely, therofora,

thot [drobla jonkingd 48 o epceles whoge rete of roeolenicaticn is

affeetcd by £l¢r dopth ond ggeed, Tno desseoso in nunbors aftor 31605.75%
i8 nloo ctatictieally Simificont wnd oy alse bo 1inked ¢o Lic spocyd
whigh tas deercesing ot the tims. I ccoms cloo thng Hejonkinci is &
gpoeics which rosolenices stonos by chort distones movement within o

populotion ruthor than dpift (ses Limnnen trunentulo rooults dissuccien

thore both opoesies cre considered tosother).

tlhen difforenees botiracn the e £low rogimos oxo censidored it
1s noticenblo hey similor ¢he twWo gropns are. Tho most statistienlly
Significent difforcnecs aro botweon points on the €re orophs whalen ox0
5%l Lollowiny the scuo kasie pottern. Thoso Simifieont xroculto
indilente thnt aeore individunls are ecught Cyron ncdiua £loy arces and
tho Wull Hypothoois hore san thoroforo be xrojoetcd, o omporinont

involving neighbouring otenes censidored Hydrobio lcalinpi ced Lirmnoo

truncatule tozother (sinec counting wao done in ¢tho £i0ld and the ggesies
eon dnly be separatcd dn tho laborotory) and xosolenicotien for Mo jonkdmsd
1o also mainly £ron noigabouring ctonos. The drife not rosuvlds (CGropho
17 and 18) and stono compardson recults (Gragho 19 and 20) cloo indicnto

that astunl Arift during 24 hours 48 o very conll proportion of ¢ho Cotod

2\
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numbers moving to rocolonise stones. Onee egein, however, an indixcet
relotionship betueen number found in a £low regime and drift rate ig

probable, possibly over & long time poried.

Azapetus fuscipes (Table 4, Graph %)

The moot noticoable fluctuation in numbers whon Groph 4 1is
studicd 13 that thero is a definite and significant docrcase and
inerease boforo and after tho shorter sampling intervols (mcdium ond
fast flow). Tho Null Hypothosis can therefore be rajoctcd. Furthormera,
the fluetuvation 45 not crratic but gradual, then avorages aro obtained
for varying compling intervals (Table 10) and plotted (Groph 10) an
initial drop in numbers 18 soen as the resident population is reduced
and theon there is o stendy incrcase in numbors until o monimum point
aftor four doys whon tho numbors decrensc again. The deecrease in
numbers is olmost cortainly due to o life eyelo ehange, 08, during this
pericd, the specics was undorgoing pupation. Thic desreasos mobility

becauce Agapetus fuccipes sceures its stone casc to the rogk with silkon

threed beforc pupating and is therefore unable to continu? Bo recolonisce
stones. WWhon both flow rogimes arc soparately plotied as log. numbers
(Craph 12) an approximate straight 1ine relationship ic soon for part of
the curve (1.0. 1 ¢o about 4 days). This indicates that, during the
carly stages of reeolonisation (1-4 days), A.fuseipos recolenisos &%
approximately an cxponenticl rats. Unfortunately, tho levolling off
of numbors which might be oxpeected is not showm hexo duc to life ecycle
developmonts (which caused & £211) but 4% secms fairly clear that full
recolonisation would have becn comploted witidn o wock.

The otner noticeablc chenge in numbers occurs at about 22.5.7D.
where o dooroase cnd then an increase in numbers is seon. The doorense
in nuabers for the medium £low regime is Non Significant but tne inexrofso

is Significont while both are Significant for the fast £low rogims. Ao
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Agapetus fuscipes. Graph 4
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for Hydrobia jeniinsi and Limmaca truneatuls, such deereases and

inercaces in numbers seem to coincide with similar ehnnges in flou
spocd for mcdium and fast flow rogimes (see Oroph 13). Vhen considering

the biology of Agnpetus fuseipes such a tondeney is guito legical. An

inooet lerve with o cumborsome stone casc and 8ix lozs with which to
cling to rocks iz also likely to show @ pantdimum euwsront opecd which 1%
can resist, as fop both Gastroped spacies. It scomo thag the doercase
in current speed after 19.5.75. allowed lapger nuabors of individuals
to resist the eurrent ond therefore reduccd ¢he Fate of rocolonisation,
whilc the subscanent increase in curront spocd aftor 22,5.75. cxeceded
the moximpm that could be resisted and causcd o signifleant increonse
in the rate of drift énd therefore of rceolenisnticn. Individunls in
fagt flow arens would also be expected to show mors sonoitive reactions
‘o current spacd, a8 scoms to be the ease hore.

Significant diffcrences do exist betweon the numbers found in
medium end fast £lovw areas but mainly for the larger gomple intervals,
and the Null Hypothcsis here can bs rojectcd. For onc day intervals the
numbors are not Significantly different. Tho difforonec in numbers 88
the sample intervel increases is probably duo to an initially faoler
rate of recolonisation in the medium flow areas. This is almost
certainly due to the fact that more individunls arc liablo to get caught
4n tho current in fost flow areas end drift dowmstroam, and EOTO Are
1ieble to accusmmlate in the medium flow arcas. Regolonisation over
24 hours as shovm by the drift resullio (Tables 20 and 21) indicates vory
1ittlo increase in numbers. The rocolonization curves chown hexre Ogred
vith thic. Thers is cuitc & slow rate of roeelonication for the Lirch
2 or 3 days which quickly increases due to the oxpencatiol noturc of the
curve., The necor-neighbour stone rosules, (sec loter seetion on Agapotus
fuacigga) do chow that stones with cleorced neighbouring gtoncs are proven

<o have lowpzer rotes of recolonisation than thosc with neignbouring 2Tencs
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left unclearad. Recolonisation frowm neighbouring stoncs seems long

important than drifting in the current.

Baetis rhodani (Tables 5,6, 7, CGraphs 5,6,7)

This species was the onc most intensively studicd during the
project. All the nymphs that were collected wero moasured for longth
in mm, (from tip of antennae to tip of anal cerci) and subdivided into
3 gize categories; O to 5mm., 6 to L0 mm., and 11 to 15 mm., which
covered the range of sizes encountered. Each category was anelysed
geparately. The 1 to 5 mm. calegory (Graph 5) for fast flowing arces
shows o decrcase and then en increase before and after the shoriest
sampling intervals, but this 18 not statistically signifieant, Thore
is on inorease in numbers after 26.5.75. which is Significent. Tno
medium flow regime shows smoller fluctuations in numbers ond no
inerease ofter 26.5.75. The 6 to 10 mm. category fast flow rogims
(Graph 6) shous a decreasc in numbers from 2,5.75. ag tha sampling
interval decrcases, which is Significant but as the sampling intervel
decreases s5tlll further there is very little dcercase in numbers, Tnis
guggests that these larger nymphs have an initial rate of recolonisation
which is repid and consistent (occurring within 2 days). The decroase
in numbers after 26.5.75. is Non Significant. Tho 11 Ro 15 mm. ©ize
category shows no statistically significant fluctuctions in numbsrs.
The recolonisation experiments for B.rhodani eonducted towards the end
of the projecct also support these resulis. Apart from the 11 to 15 mm.
cotegory which was Non Significant (Graph 22), the 1 to 5 mm. and
6 %o 10 mm. catezorics both show Significant fluctuations with sempling
interval (sec discussien on pagel4 ).

The threo graphs from the sll-specles recolonisation samplas
indicote thorefore, that some correlation does cxist betweon the number

collected and sampling time interval, but only for those individuvale
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- Baetis rhodani (1—5mm.) Graph 5
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Baetis rhodani (6—10mm.) Graph 6

Medium flow
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modani (11—15mm.) Graph 7%2
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colleectod Prom fast flow arcas. For these, thereforo, the Null
Hypothesis can be rojoeted. The graphs for QVErQ3e numbar collegtcd

for varying time intervals sheid, for all 3 size categorics, on

initially slow and then increasingly repid rate of mecolonication

(Graph 9). When the loz. plots are studicd (Graph 11), only 1 to 5 wd.
and 6 to 10 ma. 8izo categories appear mecningful. The 6 to 10 mm,
category shows @ straight linc for part of the rocolonisation, indicating
an exponcnticl ratc of incroase. However, instead of lcvelling off,

the curve then decrenses. In ¢his situation the docrcase is probably
due to the emorgencc of adult insects in lorge numbors, many of whod

ore included in this eategory. The 11 o 15 ma. eotegory when ploticd
as numbers and not 1o3. numbers 0lgo shows this decreasc, ogoin duc to
emergence, while the 1 to 5 ma. sizo category shous 0 steady rate of
inereans with no deeronss, due to the hotehing end development of thase
carly ingtar Insects with no emargenco bacouse tho full size hod not
yet boen remehed, ALl ghree categories therofore indicato o Dhcady

rige in the rate of rocolonisation with tims, with indications thot

full racolonisation would bo attained in lesg than o weolte Ag the
T-test results show (Tables 5,6 and 7) thero was no stotiotiendly
significant differcnce batueen pumbers collccted from fost and medium
flow mogimes for all D nymphal oizes end the Null Hypothcois 18 thorofore
upheld., This moans that although it oppears quite 1ikoly that B.rhodani
nymphs are mainly found in fast floving woter, 88 suzgested by tatoers
(1965), the results hepe do not give proof. Tne B.raocdani racolonisation
experimenis (Graph 22) underteken tovards the ond of tho projest werd
dosigned to study this aspect furthor. By the time thoy wers conductcd,
o new goneration of ocmall nymphs in vory large pumbors wWas doveloping
and the rosulés verc hopced to be more repregontative, Thoy show Lthe
enogmous numbors of nymphs to b2 obtaincd from fast Llowing arcas. Tno

drift net otonc compapison results (Craphs 19 and 20) aro aloo rolovony

o




here., Thoy wore ecnductcd during the samo pepded and the nWRBOra
colleetcd frem the stone oitunted in the fast £flow aros are Loy in
execess of thosc in tho mcodium £low arcas, althougn a Signifiecnco
test 18 not possible bocuase of the small gwmple 8lz. To cotablish
whother B.rhodani recolonises direetly by drift or indircetly via
movements botweon stones, the near-neighbour stone rosults and drift
not and stone compariscn results need o be sonsulicd (cco lator
seetions). Hero, the main results are briefly forochodeued. The
groat majority of nywmphs samplcd here werc in ¢ho 1 o 5 ., o0ige
category only. The noar-ncighbour stenc results (Orash 15) show that
there vas o Nen Significant diffexrence botucen nunbers collceted from
stones with end without unclearsd neighbouring stoncs for otono B.
The drift not rosulis (Graph 17) show that Loirly small nwabors of
B.rhodoni wore in tho drift but that those wero of the same oxder of
magnitude as the numbor of B.rhodeni individuals rosolonising O stone
in & fast flowing arsa Just domotream of tho net (Groph 19), wnilo a
stonc in & medium £loy arca Just dovmsiroam of the not (Graph 20) showcd
fover numbors recolonising.

These results eolloctivoly indiecate that B.rhodani io found
prodominantly in fast flov areas, that 1t exhibits o rogoloniootion
curve which ean initiclly chow an exponential rate of inerenso, thot ho
larger nymphal sizes show more zapid recolonisatien in tho garly stos00
and that neorly all individuals rocolonising stoncs aro carricd olong

in tho current ag Arift.

Chironemidee (Toblc 8, Graph 8)

This onimel ues tho least numercus of all these go far diseuoscd
but was nevertheloss considercd to show some interasting rosulio. The
all-speelos stonc mecolonisation rosults (Graph 8) shows that thoere 1o

no zelationship betwoon number eollected and sarmpling time intorvel.

54
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Tt also shows no Significant differences botween numbsrs collectcd
from £ast and medium flov areas and the decrease in nusbers Loy both
flow regimes after 2.5.75. are Non Significant. Thig sccas <o indicate

<that the Chircnomidas axhibit a vory slow rate of reeolonisation Lor

stones. Tno drift not rosults (Oraph 17) chew that rather lorger

numbers are eollcoted from the drift but that tho comparisen stones
Just downstream show almost no reeolonisation over ¢he 24 houra of
sampling (Tebles 20 and 21), The main point of interest therefore

seems to bo that the Chironomidase do drift in stroam surrents but

that they do not rasolonise stones in comparable numbers with those
actually drifting. This moy bo bocause they are settling on other
substrate cuch as silt and mud, for Moean (1960) mcntions tho

Chironcmidac 83 being extromely diverse in habitat.




TAELE ©
NUMBER OF ORCANISMS COLLECTED FOR AVERAGE SAMPLING

INTERVALS - RESULTS

(first experiment) BAETIS RHODANI (category )} - Sum)

Average sampling interval (days)
0 1.0 2,0 3.0 4,0 &.5 5.0 6,0

MEDIUM Total 0 16 17 20 32 4 3 8
FLOW Average 0,0 0,8 0.9 1.1 1.7 0.4 0.4 1.0
PAST Total 13 18 33 39 23 8 37 80
FLOW Average 1.3 0.9 1.7 2.1 1.2 0.8 4.6 0.0

Log AVG?&S@ OO ll °0n 05 Oo 24 Oo 31 0a 08 °Oo lo Oo 67 l [ 00

BAETIS RHODANI (catogory 6 - 10O mm)

Average sampling interval (days)
0 1.0 2.0 3.0 4.0 4.5 5.0 5.0

MEDIUM Total 2 T 9 5 7 2 0 1
FLOW Average OO 2 Oo 4 Oo S Ou 3 00 4 09 2 Oo 0 00 l

FAST Total 42 26 28 32 43 29 7 4
FLOW Average 4.2 1.3 1.5 1.7 2.3 2.9 0.9 0.5
ch A‘v’@m@ Oo 62 09 ll Oo 17 0. 23 Oo }5 09 !56 °00 05 °00 50

BAETIS RHODANI (category 11 = 15 mm)

Average sampling interval (days)
0 1.0 2,0 5.0 5,0 4.5 5.0 6.0

MEDIUM Total 0 3 7 8 5 2 3 1
FLCY Average 0.0 0.15 0.4 0.4 0.3 0.2 0.4 0.1

FAST Total 12 17 12 18 19 9 26 7
FLCH Average 1.2 0.9 0.6 1.0 1.0 0.9 3.3 0.9
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Av. no. of ‘'organisms v sampling interval. Graph 9
" Baetis rhodani (1—»5mm.)Fast flow.
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TABLE 10

NUMBER OF ORCANISHMS COLLECTED FOR AVERAGE SAMPLING INTERVALS

CHIRONCMIDAE

(first experiment)

Average sampling interval (days)

0 1.0 2.0 3,0 4,0 5.5 5.0 6.0
MEDIUM Total 52 3 14 12 13 25 3 11
FLOW Average 5.2 0.2 0.7 0.6 0.7 2.5 0.4 1.4
FAST Total 39 ] 1] 16 22 3 4 6
FLOY Average 3.9 0.5 0.6 0.8 1,2 0.3 0.5 0.8

CAMMARUS PULEX
Average sampling interval (8ays)

0 1.0 2.0 3.0 4.0 4.5 5.0 6.0
MEDIUM Total 13 117 96 o2 103 17 37 17
FLOW Average 1.3 5.9 5.1 4,8 5.4 1.7 4,6 2,1
PAST Total 18 4 24 5 34 6 29 12
FLOW Average 1.8 0.2 1.3 0.3 1.8 0.6 3.6 1.5

AGAPETUS FUSCIPES
Average sampling interval (days)

o loo 200 jno JJ‘eo 405 500 600
MEDIUM Total 487 256 334 380 578 267 2056 12
FLOY Average 48,7 12.8 17.6 20.0 50,4 26.7 25.8 17.8

T.0g Average 1,69 1,11 1.25 1.30 1.48 1.43 1.41 1,25
PAST Total 526 241 208 305 355 140 e 56
FLOW Mrerage 52.6 12.1 15.7 16.1 18,7 14.9 11.5 7.0
Log Average 1l.72 1.08 1.20 1,21 1.27 1.17 1.06 0,85




TABLE 11

NUMBZR OF ORCANISIS COLLECTED FOR AVERAGE SAMPLING INTIRVALS
(£1irot oxporimzat)

HYDROZIA JENKINSX

Average sampling intorval (days)
0 1.0 2.0 3.0 4.0 4.5 5.0 6.0

MEDIUM Total 16 4o 107 37 o8 20 58 25
FLOY Average 1.6 2,5 5.6 2,0 562 2,0 7.3 o1
FAST Total 21 15 53 23 40 6 29 02
FLCW Averege 2.1 0.7 2.8 1.2 2,1 0.6 3.6 7.8

LIMVAEA TRUNCATULA

Average sampling intorval (days)
0 1.0 2,0 3.0 4.0 4,5 5.0 0.0

MEDIUM Total 87 78 215 153 389 o4 108 29
FLOW Average 8.7 3.9 11.3 8.1 20,5 6.4 15,5 3.0

FAST Total 34 27 85 40 L5 8 32 1L
) Average 3.4 1.4 4,5 2.1 2.4 0.8 4,0 1.4
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Log. values of organisms. Graph 11
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'Log. values of organisms. Graph 12
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- Physical measurements Graph 13
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Physical measurements Graph 14
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TABLE 1

ALL SPECIES RECOLONISATION EXPERIMENT

STONE DIMENSION PEASUREMENT RESULTS (firct experiment)

idth em, Depth cm.

Length om.

Stone No.

MMNNOOONMNOW N
o [+ o [+] Q o o o o o
M AUl Ta W T W-ciN o Iy

O~ DU NINO
9 0O © 0 o & o e o o
6557..467:7“7

M NGO O LY Q8 N N

o o L= ] il o o o o L]

O N=QNUD N D% b=
(] (] 4

~ N0 O

10
11
12
13

N\ B N
o 4
W= O

([gRepRta)
o o

98 -
%
0.

SX
S.E.

MO O MNO Oy NO
© © o0 © o o © o0 o0 o
NN N \O VWO N

3355508 300
75666 9.400 71

50.4 08 3.4 7.75

5870130883
et =

720
To
0.

107,
10,

S.E.

2.817>

Significant
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HEAR-MEIGHEOUR STONG RECOLONISATION EXERRIVNT (Moo 2)

Motheds
Bight soto of throo otenos vore sot up for thic cxpericont. Eash

ctenc hod the aumbor of Armapotuvs fuseipes, Castrepeds and bactis raecdend

rocorded (the most mussrous opecies fron the rosults of the provieus
exporinent). 4 of tho cots had all 3 otonco cloarcd. Tao othor 4 hed
the endmnle on the middle steno elcarcd, whilo the cutor o%ones WIS
countcd ond tho enimals loft on as for oo pocsible (o £ow Loll of due
to dinturbohge).

Tac purpose of thio cxperimont wao to vy and £oc 4f thoro tias o
difforcnse in ¢ths rato of roeolenicotien 4f the noighbouring stenco wero
oloared or left uneleared

Aftor o pericd of time to cllew appreeciable reeolenicatien (2=3 days)
the 8 cots of 3 stenes were ouoppsd over in torms of ecownting (thoeo
vhers proviously all 3 stonco wero elearcd now hod cnly the middle Bteno
elenred, ond vieo vorsa). All stenes wore left in tho came positica on
the otwecn bed, then ceeoh cot of thfog ptenos hed boon cot up the opped
of flov with o Pitet tubs wos roeoxded. A cketeh map of etsh arsn was
gode and the otonos uero lobolled A, B ond €. Steno B wag oluays tho
middle otene and all 8 Beotonos wore nusborcd with while ccllulogo point
from L %o 8. Stenos A ond € wore alwoys scpt in tho soxe poeoitden im
relatien to £169, %.0. 1€ £lew en the oD io north, thon A, B ond € 050

plascd herizentally 4a adphnboticald ordars

Rogulis
Por any statictienl analysis in thio coxpeplmcnt, tho Null Hypothooie

4m that there ic ne differcnce in numbers obtained {rom thoso cots of
gtonos with junt the ecntro otene clearcd ond theso with all 3 elcarcd.

A propor ocmparison to £ind if o "neighbour-stonc offcet” en woeolonicatien
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TABLE 14

NEAR-NEIGHSOUR STONE SAMPLING RESULTS

Asepetus fuscipes Sampled on 28.5.75. Arppetus fuseipes

Stones A,B,C elearcd Stone B elonycd only
Stone Nos. A B C S¢tone Nog. A B Cc

1 o3 A 121 2 250 222 210

3 150 270 1i0 & 250 160 130

5 170 200 i50 6 220 180 210

7 80 140 75 8 180 160 170
Total 403 684 455 Total 010 722 720
Average 123,3  171.0 134.0 Averaze 227.5 180.5 180.0
S.E. 21.8 41,9 15.5 3.E. 18,0 14,6 19.2

Samplcd on 31,575«

Stenes A,B,C cleared Stonc B cleaxrcd only
Stone Nos. A B c Stone Nos. A B o

2 200 18 160 1 13 & 15

4 170 10 150 3 p 6 4

6 110 12 150 5 25 A bl

8 110 66 110 7 14 5 50
Total 650 115 570 Total 54 76 116
Average 162,.5 28,8 142.5 Average 13,5 19,0 29.0
SOEO 5594 1205 llol SDEO J‘}o‘j 801 1204

Sompled on 6.6.75.

Stones A,B,C cleared Steno B eloared only
Stone Nos. A B C Stone Nog. A B C

1 18 14 17 2 7 a7 28

3 16 38 32 4 6 10 35

5 38 p) 42 ) 25 21 40

7 4 32 b 8 42 41 46
Total 108 120 127 Total 80 () 149
Average 27.0 30,0 J1.8 Averaso 20,0 24.8 7.3

S.Eo 5.2 5.5 5.3 S.E. 8.5 6.5 Jo8




-

TABLE 15

NEAR-NEIGHBOUR STONE SAMPLING RESULTS

Boetis rhodani

Stones A,B,C cleared

Sempled on 28,5.75.

Stone Nos. A B C

1l 10 5 5

> 2 1 2

5 8 4 7

7 11 2 5
Total 31 12 19
Average 7.8 3,0 4.8
S.E. 2,0 0.9 1.0

Stones A,B,C cleared

Sampled on 31.5.75.

Stone Nos, A B c

2 4 14 5

4 1 4 4

6 0 3 6

8 2 3 3
Total 7 24 18
Average 1.8 6.0 4,5
S.E. 0.9 2.7 0.7

Stonses A,B,C cleared

Scmpled on 6.6.75.

Stone Nos. A B C

1 8 11 o

> 2 3 1

5 6 5 4

7 6 5 5
Total 22 24 10
Average 5.5 6.0 4.8
S.E. 1.3 1.7 1.7

52

Baetis rhodani

Stone B cleared only
Stone Nos. A B C

2 3 3 2

4 2 3 0

6 0 2 0

8 0] 0 0
Total 5 8 2
Averago 1.5 2.0 0.5
S.E. 0.8 0.7 0.5

Stone B clearcd only
Stone Nog. A B Cc

1 5 5 13

> 1 4 0

5 10 19 0

7 5 3 4
Totnl 21 31 17
Average 5.3 708 Al'o}
S.E. 1.8 3.8 3.1

Stone B cleared only
Stone Nos. A B C

2 5 8 5

4 0 5 >

6 1l 6 2

8 0 0 0
Total 6 17 10
Averago 1.5 4,5 2,5
SDED 102 108 loo
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TABLE 16

NEAR-NEIGHBOUR STONE SAMPLING RESULTS

Molluse spscies

Stones A,B,C eleared

Mollusc speecics

Sampled on 28,.5.75.

Stone B cleaxred only

sS4

Stono Nos. A B c Stone Nos, A B C
1 4 8 3 2 2 2 3
3 6 5 5 4 5 .4 0
5 0 2 0 6 1 2 15
7 0 3 o 8 5 8 6
Total 10 18 17 Total 43 26 24
Average 2.5 4.5 L) Averese 10.8 6.5 6.0
S.E. 1.5 1.3 1.9 S.E. 8.1 2.9 32
Sampled on 31.5.75.
Stones A,B,C cleared Stone B clecared only
Stone Nos, A B C Stone Nos, A B C
2 10 3 L) 1 T 0 15
4 25 46 26 3 8 22 5
6 50 20 12 5 0 0 0
8 3 3 16 7 8 3 1
Total 88 /2 58 Total 23 25 -9
Average 22,0 18,0 14,5 Average 58 6.3 4.8
S.E. 10,4 10,2 4,6 S.E. 1.9 5.3 3,0
Sampled on 6.6.75.
Stones A,B,C clearcd Stone B cleaxred only
Stone Nos. A B C Stone Nos. A, B Cc
1 4 0 9 2 7 @ 8
3 8 20 11 ) 2 11 36
5 3 2 o] 6 22 26 50
7 14 4 2 8 ) 4 5
Total 29 26 22 Total 37 47 ‘(9
Average 7.3 6.5 5.5 Average 9,3 1.8 19.8
S.E, 8.5 4.6 2.7 S.E, 4.4 5.0 7.8
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rate existed was oaly poosible for the Ixd complo, oo coupicd X ond 2
wore 541l ziving ¢ho indticl high nusbors for the rooidcat popuiotiens
berove the coxsling berln. |

T™ho reculis oxo chom on Tobles 14, 15 ond 16 and tho averaies
ore plottcd on Graghs 15 and 15. Stancs A, B and € vore cerparcd for
eash of the Yuxee opocics cnomincds Apopotus fuseipcs, Boovic rredond

ond ¢ho Gaotroped oposics, Hydrobia Jjomitdncl and Ldanoca trunenbulo.

Totonts wero used for tho stntiotieal sexparisen., For cleh ot of
throe stones, 4% 4o only the middle stone (otenc B) whieh dves tho most
reprosentnbive rosuls, for it wos eloowcd Lo cosh complo ard kd otonco
cn both sldoo of 1% thnt wore elsarsd or 108t wmtoushcd oxeopt Lo
counting. Althoush Tetoot Tooulss azo given for otones A, B and G,

thovofore, it is stone B unich 10 ¢ho moot dmportomt. Anasotus Lugeipes

glves @ 84mificont rosult for otenad A, B and €, buy otcac B 4o proven
£0 have £ouor nuebsrs ef in@ividmlé on it vhacn tho 2 gubor S/CENas O50
laft wnteuohcd. Thuo, atene B is moro 1ikely %o hove lorzop purkors
rosolonicing 1% vhen its neighbours have alee boon elearcd cad thogefero
thaore 16 no “noighbourscffost’ hore. Tho Mull HEypothosic do thopofero

vheld,
Baetds phedoni gives o rocuvlt for ctenc B vhien 1o Men Signifiscnt

ogndn indlenting that resclenicotien koro 1 mainly £pen dpifLt and not
Cren BovcEont £rom neighbouring stones, wiveh ugholds wio Iwkl Hypowhcolos.
Tho Caotroped cpueics, wewover, de give o Simifieont rocude for oteno €
which wojoats the Full Hypothoois. Steno B doos not siigr o Sigpifiecnt
rosule for tho low dogrcon of frocdom wsed howo, and Ghe fost thnt otenc €
doos give o Signifieomt mooudt 48 not serpletely eenclusivo, Novertholeos,
tho otene esmparisen Foculte dn the drigt not oxgerimont mooules (Qrapns
19 ond 20) indiento that drift 4o net dircetly oo loprriont cothcd of

rogolonicaticn, Lfor ho vory lapse nuwabors kolmy complcd frow €40 0%anca



at sunset should hovo also bocn expected in tho éprift, but woro now.

I would sugzost hero that the sample nuaborsg used for tho noar-noignbowr
stone experiment are ot large enough to give o Signifiecont rogult and
that further experimonts in the future with 2 or J eires the nuakor of
sets of 3 stone units uscd might give a morc reproscntaiive Qasler.

Por B.zhcdani and A.fuscipes it can be concluded, Thorefore, that during
the initial stagos of rccolenisation, the rave of reeolonication is
directly proportional to tho drift rato as discusscd by Haters (1964).
This probably corrcoponds to the straight linc sectiecn Lor tho log.
plots for the all opoelcs stone recolonisation rosulis (Graphs 11 and
12), Uators (1064) statos that the quantity of organisms drifiing ovor
tho denudcd sampling creas is ot oll times aople to provide tie Sourss
of orzhmisars recolonising the areas. This pordoed, on &y graphs, when
recolonicotion is proceeding av o maximm ravo is Who paricd wnen &
ecmperable iden of tho drift rate can be ebtaincd. As rocolenisation
progceeds furthor ond appreaches 1007, aport from 1ifo eyelce cf£06is,
feer of the driffing orzanisms will bo asting as reeolonicords. I£
this cxperinant were %o bo wopoated througheut the yoor in any future

study, a cocmparable idea of the drift rats over the yoor cculd bo

obtained,

S7
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STMULIVM GRASS DFERIENT AND STOIT COMPARISONS (Iow 3)

tlotheds
This oxperimont vas to ctudy the rate of reeolonicaticn by

Simmliuvn owmotum larvec on gross tveiling dn tac water, It involved

selecting 10 labollcd grass stems with leaves Ctralling in the tatow,.
Stoms were choscn in swift Lloving arcas whore nuabcrs of loyvioe wewd
oxpoeted %o bo high, ¥ach stem wos mowrkcd with & glese of wnléc cotlon.
Romovol of 8.orpatunm iowvaes wos done efficicntiy by rumalng the thwvas
ond forofinpor Crom the base o tho tip of cach grogs bledo. Tno
centro 9tonos of the 8 sctos of I stones (otones B) Lrem ¢he provious
experiment were aleo s2uplcd on thoe same dates to provido o ecmplrigson
with the grass reodings. Ao [ap 3 shows, the labollcd gragd ste=S axrg
within the stroteh of stroon eontaining those 8 scmplc otonos oo that

some stones arc upstream of tho $F0ss stoms and sors are dGmsErota.

Rosulis

The pumbsrs taken seon indicated thot tho gererabtioa of S.oxnatun
larvoe boing otudicd wos not numerous oneuzh o glve vccoblo doto.
Consequently the oxperimmt was dissontinucd. Tho stone ccmparicen
results howover ore given 4n Tablos 17 and 18, sineo tioy provido on
opproximate ccaparisen with tho all spcelcs stons roeolonisotion BOCULELS
(fast flow regime, Tables L - 8), as stencs aro of oimilow olzeo ond arc

in the mamo owrrent opocdc. Hydrobia Jjenkinod cheus a eonciderablo

inereasce in numbors rocolonising stoncs in ¢he 2 wWooks botixon tue
eonclusion of tho qllespceics etone reeolenisction oxporimont and WheC
oxperiment, This 4o probably due eithor %o the inercosc and develepacnt
of the Gaotroped populoticns inhobiting thio otroteh of the beck, or o

on influx of individunls Crom upstream duc to drift. Licnaca fruncaiuwls,

hewever, doos not shouw o Significant difforcnco. Agaoeotus fuceipoy
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SIVUL.IU] 3=COLONTSATION S7T0NE CO.IPARISON SAMCLE FESULTS

Sauple tauen on 13.6.75.

Speeles Hydrobio Limanea Axzapetus Cammarus Chirononidoc Bagtisg rhedani
Jonlkingi truncatule  fuscipes pulex nyuph size categowics
1-5rm, 6-103. 11-15am,

1 i b s 15 0 o 35 2 1

2 2 9 21 2 3 11 8 9

3 8 ° 14 2 o 0 3 0
Saweple & i7 o8 19 o) 0 5 2 0
Stones 5 11 25 ) o] 5 ol (o] 0

<) 62 408 1% 1 0 72 1 0

T 7 1 32 0 7 51 0 0

8 22 20 34 0 11 0 1 0
Total 140 537 183 11 25 268 17 10
Averagae 17.5 67.1 22,9 1.4 32 33.5 2.1 1.3
S.Eo T-3 49.2 J.2 0.7 1.5 12.7 0.9 1.1

Brtra speclies

Limnephilidac:3, Simuliumornatum: 9, Hydropsychidae: 1,
Ecdyonuridac: 1, Amphinemura: 2




TABLE 18

OLEUTLIUNT RECOLOJISATIC STONME COMIPARISON SANPLE RESULTES

Sample taken on 19.0.75.

Spceiles HEydrobilo Lirnaea Ngapotus Comrarus Chironcmidac Bactis rhodani
Jenkinsi truncatula  fuscipes pulest whiph size categories
l-5mm, 6=10mm. 11=15mm.

1 2 0 5 o] o] 112 1 3

2 i3 15 23 5 1 11 2 7

3 12 17 11 .3 1 0 0 5]

Sample & 35 o7 12 2 0 6 1 2

Stones 5 2 0 7 o} 0 224 1 2

6 67 248 2 1 0 20 2 0

T 16 18 17 2 0 112 1 1

8 28 18 5 Y 1 1 o] 0

Total 176 513 82 27 3 485 8 15
Average 22,0 51,6 10.3 3.4 0.4 60.3 1.0 1.9
S.E. T-T7 30,1 2.5 1.5 0.2 28.8 0.3 0.8

Biera specles:

Hydropsyehidae: 2, Amphincmuras 2




ghows a slight significont increase in numbors., Taic may woll be duo
to the development of individuals at the taile-ond of thio gencration
coinciding with the appsarance of newly hatched individuals at the

bezinning of tho noxt., Baetis rhodani (1 to Sum. nymph size eatesory)

shows a very large inerease in numbers os the summer gencraticn of
nymphs emorzes and baging to develop between the eompletion of the
first cxperiment and thic euperiment, In the larger B.racdani nympng
(6-10 and 11-15mm. ) in Chironomid larvac and im G.pulox, ehonges in
numbers batwecon ¢ho two dates were not Significant. The cnly other

intoresting point was the discovery of the Ephecmeropleran Fay~fly

larva of tho family Ecdyonuridae and the Plecopteran Amphinecmura during

this sampling.

62
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EXPERIMENT (Map 4

Methods

A direet measurcmont of Arift ves @mxde using drifi nots ecnotrustcd
as follous:

A goval bar, l.8em. wide, 0.3cm. thick and 150ems. leng wos
pointed ot both cnds and was forscd into cach bank o provide o

horizontal cupport. In this bar were drillcd 2 cetso of two 4mm.
diom. holcs, ldems, apart. Tarough thosc holos went 3w, dici. Copper
wire, Yloms, long and cxtcnding into tho stream bed and thnis govo tho
vertleal cupport for the drift note as showm in plates 3 and 4,
Ths drift nots thamsolves wore, essentially, aylen cenog of 10 strands/cm.
mesh (aporturc approx. 0.5wa, ) of 13em. by l¥em. couth dimcnsicns on
square wire frames, ond with the navrow onds ¢ightly acm en ¢o o 2.58m.
diam. tuba (see ploto 2). Ench of tho o eompleted pots was gcourcd o
tho vertical uire by 2 eopper bxackots with a sercw, allering tho nets
to be movcd up or dowm to the roquired position in the wator (platos 3
and &),

Hourly scmmlos wereo talion (rom the e nots over 24 Leurs from
1200 hw. to 1200 hw, en 25 and 25.6.75. Hourly samples wore also taken
grom 2 of tho ceatra & "B” ctones frem the neareneighbour stene
exporiment (otones 7B and 8B), which worc a short distance domstroam of
tho net so thot thay ceuld be compled without disturbing drift caught
by the net. ¢ oach hourly somplo, gpecd of Llor zansurczonss with o
Pivot tube wore medo at the ontxanec to the nots and the vUoter temporaturo

was roaordcd.

Rogults
Those dritt net rosulis cannot bo anclyccd stoticticolly beeause

thozro i only 1 woedin; Sor ovory nour for drdle emd Lrom the 2 samplo
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stones, Attompts to ropeat tho oxperiment tould not neeclGerily havo
mpde ansdynic posoible because of the dynamic and changing naturc of
cuch small otrensn. Dysienl clierations in £lou depth, cpocd and
water tcomoraturc, ond biolezleal ehanges due to 1ife eyelo dovelopmento
would hove pendered @ serico of roedings admest Lupecsible ¢o ceeuzmlate
for avorngs valuos.

From ths ecoabined surfase arec of the 2 nots uscd ond o nowlcedizo
of tho floy upecd, which provcd to be remarkobly constant ovew a4
hours (Tablo 22), it wos possibleo to doternine the voluwmd £lc7 per hour
whieh was boing sampled. Tals wos 16,190 1/hw. Boeause of tho
conolstoney of £loy opoed 1t was not considercd nceossary to alwor
figures for numbers of aniwals zoeorded, to number por AoUP por unis
ok calal éf croagecoction as montioncd by Blliett (1907). Instecd, bosauce
oll readings are comparable, they are left unaltercd. The cetunl nunbors
sosordced aro showm in Tables 19, 20 and 21 and on Grophs 17, 18, 19 and
20, Tho 2 chown in tobles and graphs wes o mark dlsturbones in the
beez by eattlo, Physieal monsuremont rosults are chom on ‘fble 22 and
on Oraph 21, Stone 7 ean bo soon to choy a conciotontly highor £low
ppoed reading of 23.0ca/ses. whilo stone 8 has en average reeding of
21,0 om./Bec. The water temporature recdings chew o diurnal fluctuaticn
ovor the 2% hour otudy poricd with o mutdoum of 18.0°C at 16,00 = 17,00 hp.
and & minlzum of 11.0°C during the pericd 02.00 - 035,00 hrs, Since the
beek i8 in o velley, when the sun rooshed tho west, the woterp tomperdiurc
bozon to drop as the atroam was plaecd in particl chode. Tads bogan at
about 18,00 hr, wnile 4t wos still quits lignt. Siollerly, 08 seon ag
davn broic, at obout 08,00 hrc. the tcaporaturc did net she o cudden
ineroase bud noaturally ozhibited doloy end thon o otordy inexcasc as
tho bBool wao leso and leco in chode, Anotior physienl factor worth

noting is ¢hz genoral teathor, which, on 25,5, 75, was elcor, dry and



supny and on 26,6.75. wao clovdy but gtill worm and dry. During the
night there was a throcequarter moon and, as the night was clear,
gtrong moonlight. The most numbzous species caught fron nevs and stones

were Cammorus pulex, Baotis rhodani, Chironomidac, Hydrobie Jjenivingi ond

Limmaea truneatula, although not all werc common for not and stonc

resulig.

If the drift net roculis are studied on Craphs 17 and 18, several
specics con be ceon e chow otrong diurnal variations in numbors Arifting.
G.pulex is most marked in this rospect. As gsoon 23 complete darkness
prevailed, the numbsr eaught in the drift nots inercased rapidly to
reach a poak of 32 by 0200 hrs. which, as soon as daxm even bogan to
brogk and whon 1t woo by no means fully light, decrcased rapidly to
preach & Loy point of 2 by 0500 hrs. Waters (1962) condusted similar

gtudies on Cammorup Limmoeus in N, Amcric. ond obtoincd similar rosulis.

As in Qammarus pulex, the inercage ond docreasc in numbers is closely

tuned to chonges in light and not to temperatyre. Thorefore, thore

seems to be little doubt hore that drifting was rolated to light intensitvy
changes, Moon-light doss not seom to have causcd any noticcablo effest
although this is one factor that would need more prolongcd work %o
elucidate, Weters (1962) and Anderson (10656) considor it to doproos

nocturnal oetivity.

Beotis rhodani does not show zuch & clear diurnal voyiotion. From

1200 hrs, wntil 1900 hrs. its numbers are very low., From ¢hen until the
following morning ot 0900 hrs, it shows 4 major inerceses and decrenses
in numbers at obout 2100, 2500, C400 and 0200 hrs. Tho middle 2 of those
coineide with dusk and dawn but the other 2 fluctustions are Just s large
and cennot be fully cxplained. UWater tempevature docrcases during tho
night might bo postulated as contributing towards o stimulation of

activity and therefore of drift in these ingeets, as tho outer limits

&8



TABLE 19
24 HOUR DRIFT NET SAMPLE RESULTS

Species Gammarus Baetis Hydrobia Limnoea

Aggpetus Chironomideas

pulex rhodani Jjonkinsi <truncatula fucecipes

62

#1200 2
13
14 1 1
15 4
16 1 1
17 1
18 2
19 >
" 2000 1 P
8 2l 6 7
-~ 22 2 1
§’ 23 6 5
va 2400 350 1
o 0100 29 >
o 02 32 5
g 0 29 5
= Ob 14 6
05 2 1
(073 5 L
o7 4 3
08 7 4
0o 3 6
#1000 2 2
%1100 1 1

1
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Extre specics:

Limngphilidac: 3, Yater bsotle: 1

Simzlium ornatum: 9, Amphinemurs: 1

Elmidee (adult): 8, Acarina: 3

Stickleback (Gasterostcus sculeatus): 2

? = cattle disturbance upstream
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of such activity seems to folloy the temperaturo curve on Craph 2.

A combination of woter tcaporature and light affecting tho activity of
B.rhodani gseoms to bo the most likely axplamation. The Canircaomideo do
not scem to show any diurnal increase in drift., Aport {ren 0 drop in
punbers due to tho first sample, after 1200 hrs., all other fluctuations
in numbers do not secom to be related to wnter temporature or Light
intensity. Nevertholess, the numbers in the drift hore aro greater
than thoso eollceted from the 2 semple stones (Tables 20 and 21).

Hydrobia Jjenkinoi end Limmoon truncatula both scom to show incroascd

drifting as night approaches although tho numbers involved for both
species are rather small (CGroph 18). H.jenkinsi ccoms particularly
sensitive to the oncot of dusic, where upon it incercaccd i1%6 Awife,
put 4ts numbers foll again soon after it bocame dari. L. truncatulo
also bogan %o inerease its drift ot the same time but itc numbors did
not decranse until well into tho night.

Stone 7, which was in o slightly facter ctreoam £lcu, chows folrly
high numbora of B.rhedenl and of the 2 common Gastroped specics (Craph 19).
B.rhodani is shown in initially enormous numbors from tho £1rdt cample
taken at 1200 hrs, Thercafter 1ts numbers bocams eonslotcntly low with
little indicnticn of an incrsase in drift due Lo wALOF Lompordturs or
light intonoity fluctuctions. The 2 Gestroped species cheow gemething
Quite differcnt. Both showed lorge increases in drift ao duck 80%,

Just beforo it became dark and both theon shoved @ socond but smaller poas
in numbere during the night at 2400 hrs.

Stone 8, whiech wos in & slower flowing arca of water, only glves
intoresting rosulis for the two Gustroped cpocles. Althouzn both
spacies shoved more appavently random fluctuations in numbers from 12C0
2o 1900 hrs. (sec Oraph 20) they also showed & definite increasc in

numbers cought as it became davk. Theiy numbers then dosroased azain



TABLE 20

24 HOUR STCNE COMPARISON SAMPLE RESULTS

Stone 7 (Fast flow)

73

8pecics Garmarus PBaetis  Hydrobia Limnace

Agopetus  Chironomidace

pulex rhodani Jenkinsi trxuncatula fuseipes

21200 1 11
13 10
1k 17
15 4
016 12
17 1
18 1
19 1 4
2000
21 1
- )
8 23 1
4 2o 1 5
o 0100 5
8 o 6
03 1 1
§, ol 1 4
05
06 3
o7 3
08 3
09 2
%1000 2
#1100 3

41
2
3
4

36

25
72
63
oh
55
10
32
10
2
2
5
27
4
10
1
2
4
2

40

197

182

21
1 1
L

Extre specles:

Simuliuvm ornatum: 10, Limnaen peregra: 1,

Hydropsychidac: 2, Acarina: 3.

2 = cattle disturbance upstream.
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Graph 19
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TABLE 2)

24 HOUR STONE COMPARISON SAIMPLE RESULTS

Stone 8 (Medium flow)

Species Cammaxus DBaetis  Hydrobia Limnaoa Agapetus Chirencmidae
pulex rhedani Jonkinsl truncetulae fuseipes

#1200 i 2 28 23 )
13 13 17
4 1 5 21 2
15 25 62 1
%16 1 4 10
17 12 3
18 5 57 1
19 1l 5 8
2000 5 17
B 2 2 3 13
= 22 1 19 27 1
2 23 2 10 4
4 2k % 1 7
w 0100 1 1 10
S 5 3
@ 03 2 2 3 1
3 ok 2 5
05 1 3 7
o6 2 1
o7 4 20
08 2 6
09 2 3
#1000 1 1
#1100 2 1

Extra species:

(Glossiphonia complanatn: 3, Aecavrina: 1.

¢ = ecattle disturbance upsiream



‘24 hr. stone samples.

Stone 8 (medium flow).

truncatula.

Limnaea

]

() o

o o =3 o
O~ w0 T ~r (90 -«
| Djnlbound] *J  JO  ON

e - At b r——

»
=
X
c
@
B |
9
e
o)
[
T
>
ol
] L )
o o o
™ ~N -
-I coz

ISVENE]




77

by 0100 hxro.

Hydrobis jenkingi omd Limnoon Yruncofula, thoraforo, £16W O elenw

inoxonse in Arify oo nizat oppreaches for the drift npot rogulis ond

both stone reculis, Q.pulex only shows 1%s night-3imd increasc in
oetivity for the drift not rosults and not for the stonos. Thio

sugsests that ot night 1t lcaves its shelter and woves areund en tho
ctream bed in seareh of food. In so doing 1% 16 morc 1ikoly to be suopt
up in tho curmont ond ecvght in the drift nets uhleh woro always sarofully
situated above the atroom bzd and not on i¢ in ordor %o obtgh only those
individuals actvally ouept dnto the bedy of tho cusrent {lUntors, 1962).
B.rhodani, while chowisnyg cmall, but consistent numbors in drifé and on

o stone in the faster fleing axca of the back, decs not appear to ohew

o nightetime insronoe in Arift, avd the Chironomidao, walch wore eaught

only in the drift nets in ronsoncblo numbors 0186 chow? no eorrelatablo
altoraticon in drift.

Ovorcll, the soveral timzo that the strecnm was disturkcd by eatile
drinking woter or mrozing tho strcam badk vegotation, did mot ccom to

offeet PeBules,
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STREANLEED SANPTIIG EXPERILINT
FOR BAGTIS RHCDANI AND GAIZARUS FULEX ([ap 5)

Methedo

This oxperiiont was an ottempt to obtain an iden of tho nuxbers of
G.pulc:t and B.whicdand ¢o bo found in o eorioln axen of otreas bed over
diffexront substrota. A l2ems. by 12¢im, meotal frose wag vocod and was
droppcd cato tho strean bod in o randeom foshdon. Tals was gouwpled I
times fop cach sample arca, ziving a total cample areh 6F 4)2002. pvelel
position of cach camplc orod vag mopped and tie cpecd of Llow with a
Pitot tubo was moasurcd. Notes on the type of subotrotum Wore alse mnd.
The aetual cample teehnique involved dioturbing tho cubsotratum co that
animals wore woshced into & lopge oquare not, with notting of & mochoo/ei,
which vns held just doumstroam of tho rotal frome and £ittcd {luch wita
the bod, to cnsure that all enimple disturbed wore eauznt.

Tho oniEals cauzht in the net worce tramsforred to ooy Jars and

counting ond monouring dene in tho laboratory.

Rosulig

4 somples weore taken from Shorbura bocke In vicw of the large nunbors
of G.pulex in dpift during the night this experiment wos on ottcapt to
£ind out the cetual numbors living on tho strcam bed. Ao o roLulis
show (Table 23), tho numpars eollocted are quite variablc. Furthoroore,
large nuubers of G.pulos wore eolleetcd onmly £ran 4 GLFECID bcd with
fist-8izcd stoncs and seze enalleor ctones and whieh was partially covorcd
in detritus. A streoamebed with small pebbles chowed lower numbors for
the area samplcd and totally mud eovered substrata with no stoncs cneicd
almost no C.pulex individusla at all. Furthor stroom-bod compling uag
thereforo stopped as it bocams quite obvious timt the numbor collceted

was pelatcd to substratum and it was not posoiblo to obtaln an average
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TABLE 2

NUMBERS OF BAETIS RHODANI AND GAMVIARUS PULEX

IN A 432 SQ. CM. AREA OF STREAM BOTTO:

Samphe Bactis rhedani Gamnarus
Numbey nymph sigze nymph size nymph sige pulcx
_ 1 -5 mu 6 = 10 mm. 11 - 15 mm,
1 1 34 23 67
2 1 16 7 56
3 4 28 26 105
4 1 59 ko 132

gL
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figurc. Uhile sema arsas wozo eopable of supporting vory loxge nuodors

of G.puloxr individunls thoy 1OED not typical. Sueh o laxge variadien

is menticned by Yators (1udl)}. Tao Bastig rhodoni nyrphs oloo eolicatcd,
countad and monsurcd, chov @ rouzhly parallcl lnercase in RUICOPS with
those of G.pule.., boing fovnd cost commonly on lorgor obencd. Tads 4o
most likely %o bo thoir most suitnble habitat, for thoy con extract
oxygen Lream tho vortices of water whieh flow round cucil roghks and can
also grage cn tho organic mtericl proseat. Tho swallor ayophs OFe
grosely undereroproccnted beeausc of tho lorge mogh sigo of e ot

used for sollection (8 strands/em).




34

ADDITICAL OTONE FECOLUNIGATION EXPERGLRIT
POR EAETIS RHODANL 5D GAL S SO

othedo

10 stenes were sob up, as for the allespesles initlal ciene
wooolenisation cxporimonty, but opesifieally acre to ptudy rocoionicatien
by B.ghodand nymphs (whieh wors vory numerous 0% thisc time), and oy
Gopulex. Tfo provious zenoration oampled in MY WOES propably ovarintering
pymphs or on early suiiior generation, wndle this geaocration, tholr off-
gpring, ecudd tasze full cdvantose of tho Cfovourable cuxzopr ventacy ond
hotehod from numerous ofry Latehes socn on 8Tones.

Wherever poscible, tho stones Lrem the acarenodzhbour axporinons
were wacd, but sowo uerae emiticd, elthor pocouss wacy hnd disoppocred or
posause they did not have large cnough numbsrs of Bochedoni (odnly in
%he slever floving oxons). 4 of the 8 "B stones £roa tho aooxenoizabour
stone Cows woro used ond cnother 6 stencs oot up and nuuorcd £rem 8
upwnrds to evoid cenfusion with otonos Proa o proviouc euporimoat. Tno

10 stonos were crupled frea 4-day to l-doy intervald.

Besulds
Thego Fesults oare shown on Graphs 22 and 23, As for the firct

regolonication sa oxporimonts, the Nall Hypothesis howe 48 thot thore

18 po rolaticnship botweon numbors of individualo gapturcd ond duration

of sampling intervol. The 1 to 5 mm. cQLegory of nymphs chey o Significont
deercace in nwubers when campled 0% O one Aoy ingorval. As the sompling
interval inercases the numbors recoleniging the stenes insroaged and

after the J-day interval Significanily doepcased,  Such & doeranse Socmd o
pe roloted ©o o decrensse in vater temporaturc although further wori Uould
be necded to be sure. Unon the log. number 1o plotied (Gzoph 23) o
straight linc rolationship for the initial xccolonisation ig given,

indicoting an exponcntial rate, but mord pointe on thic groph would give
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it more reliability. One cspoeiolly interesting point 1o ©ao cuddcn
increase in flow speed to 20.2 cmG. /sec. during the Je-day sarpling
jnterval, Thds was caused by sovercl days of heavy rain and tho
corpesponding incxease in numbers of small nymons recolonicing ctoncs
could toll bo bocouse o lot more wore belng enrricd in Gkl Geifde  wn
largor nyaph sizes do not che? & zimilar increace in nuskors rocolonising,
probobly boeouse thoy eould xosish the eurront bottor timg e ornllest
nymphs. Tho 6 to 10 mm. eatozory of nyampng, wvhleh wAs muln 1CS0 NUESKOUDS
thop the provious eatogery, chewed an initiolly Significont dosronse in
pumbors and it was not wntil after e S-day cauple dngorval thot o
Significont inorensc in pumbers WA3 chown, iy theze is cueh o dolay in
rocolonication is not alfozother eloay. I$ may be that ooad of thocoe
nyaphs were fully zrovm and oFe euerging durlng the cuperdont thuo
altoring the comparabllity of cogh samplo roadini. Too 11 to 15 mm.

size eatozory ohowcd Non Sigaifilcand flustuntions in nurkors a3 did

G, pulex,

As seme of the stoncs uexo identical and all wore samdled in the came
stroteh of beck, thooe reoults provide an ideal opportunity to eemplxro
goneral changos in numLers colonising ctonca over he J=cdil petwoon €0
S.ornatun rosults (Tables 17 ond 18) and theso for B.ricdani and G.pulcn.
The 1 ¢o § mm. and 6 Lo 10 mm. nymphol 8320 eatezorics voln ohoed o
Significant inorcese in nuebsrs over this A-tiec: poarded, unile tho
11 to 15 im, satogory id not. As tho sumop gonoration of nyipho
continues to hateh and dovolop, such inercascs ia numders oro quite
oxpsetcd. In controst, the numbers of G.pulax @id no¢ siow o Significant
{nereasc ovor this porled, oven though smsiderablo nukers of Juvoniloo
wero being ccen. A eorrosponding moptality of cdulty ag the Juveniles

devolop, or o tendeney for an undere-ropsucented progortion of the adulty

recolonising stonos my have caused thic.




TABLE 24

ADDITIONAL RECOLOMISATION EXPERIMENTS WITH NUMBERS OF
BAETIS RHODANI -

Size category 1 = 5 mm,

Dage (July) 8 12 15 17 18
Sampling interval
(days) o} 4 3 2 1
0 28 &9 176 50 25
10 111 135 125 89 110
o 1 230 187 232 144 133
8 % 2 45 45 134 121 96
= 8 5 262 16 287 222 270
2 o 1l 184 164 256 300 25),
§8 12 80 5 7 1 4
v~ T 116 135 138 4o 18
13 85 24 8 25 19
14 71 80 86 271 118
Total 12732 1027 1520 1263 1056
Average 123.2 102.7 152,0 126,53  105.0
S.D. 82.8 63,4 88.3 1056.1 ob,1
S.E, 26,2 20.0 27.9 535 29,0
Log Average 2.9 2.01 2,18 2.10 2,03

Size category 6 = 10 mm.

Date (July) 8 12 15 17 18
Sampling interval
(days) 0 P 3 2 1
o 54 69 €6 2> 29
i0 25 45 25 26 26
1 11 22 2 6 8
8P 2 37 36 25 30 68
2 g 5 6 18 1 24 10
° 11 5 5 4 19 5
§9 12 31 1 T 8
28 7 27 8 6 3 5
13 24 5 1 6 5
14 14 10 4 12 3
Total 234 219 141 149 167
Average 23,4 21.9 14,1 14,9 16.7
8.D. 5.2 21.9 20,4 10,8 20.2
Sch 1608 609 6.5 304 604




TABLE 25

ADDITIONAL, RECOLONISATION ZXPERIMENTS UITH NUNBERS OF

2ALETIS NHODANI

Size eategory 1l = 15 mm,

=

Date (July) 8 12 15 17 13
Sampling interval
(days) 0 4 3 2 1
0 5 8 1 2 2
10 1
1
g’ P 2 5 5
25 5 1 1 1
0 11 2 1
38
hl 7 1
13 1 1
14 1 1 1
Total 13 9 3 8 5
Average 1.3 0.¢ 0.3 1.1 0.5
S.D. 2.0 2.5 0.5 1.6 0.7
S.E, 0.6 0.8 0.2 0.5 0.2

ADDITIONAL RECOLONISATION EXPERIMENTS UITH NUBERS OF

CAMMARUS PULEX

Dato (July) 8 12 15 17 18
Sampling interval
(deys) 0 4 3 2 1
9 10 2 2 9
10 1
1 2
Ty 2 1 1 2
st 5 5
o 11 2 1 1 1
g9 12 3 4 1 13 15
a 7 2 2 7 1
13 5 5 9 4 1
14 8 4
Total 31 21 19 33 20
Average 3.1 2.1 1.9 3.3 2,0
SoDo 305 109 208 408 1406
S.E. 1.1 0.6 0.9 1.5 1.5
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Additional  stone Graph 23
recolonisation.
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~ Additional stone recolonisation Graph24
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A final cencideration of tho most cntonscively ctudicd cpocics,

Bactic rhodoni, i wortunillo, Come of tue somple rooulis ovop e

whole perded of 1o projcet nove boca uscd o oo ko nuatops of tuds
speeics varicd during Goo lote ooring and CORly SUTILR.

To male the rosuits 0o cenmorable oo pos:dnde, caly awabors £red
fost floy arcas ond whon full woceolonicatica was thouzat o eve eseuryed,
wore uscd. Tho numbkor of 3.rnodoni nyiphs colloeltcd durdng tuc L£irat o°
the 248=hr, drifs net compling porled have boon uced.,  UN0se pocults, are
fronm onc steac cnly ond chould thercofore ko troavcd with eaution. M1
who othor wooultno ame the avorage of at least O stenec in cimilap
sivotches of the boek and Lren otoned of o oimilor clze. Ioules
rocorded during obnoranl woakhor ccnditions have becn aveldcd. KNears
noighbour Jtonc rocolonicotion reoults have nmot boen includcd bBoeQwso
nymphs wore not eatogoriscd 0g to oise and boceune those weadinis largedy
£all within tho first stono roecolonigation oxporiment seapling pepied.
e roadingo (Table 27) considorcd are the bogimning end ond of e

all-spoclion Stone coammling, the ceeond of ¢the 2 Simulium craatua cione

samplon, stone 7 for the drift otonc eomparison rosults and tiw £irct
B.rhodani recolenisoticn oxporimont somple (Tablco 28 cud 25). As alrondy
choun (sce pagog 62) there ues o fignificant dnerense botuson ©.5.73. and
19.6.75. in nuabers for the 1 to 5 mm. catesory of nympis. Tae O to 10 wa.
eategény doos not show o Significent increase in nuebordg untll nearly o
weeks after the incrooso in auabers for gmnllor nymphs, wailc tuc 11 o
15 mm. eategory shows no Signifiecont incrcaces.

Tnis elearly indigatos tho hotehing and dovoleopzent of O ounop
generation of nymphs (Maeam, 3957bs Elllott, 1u07), whish, by GoToT5
ore pussing lato the 6 to 10 mm. eatogory as thoy grow. Tnc lowor AumBOFRS
by this time arc probably duo to the considerable mortaliily that tho

cmallest nymphs suffep (opproxdmately G0 to 705 herc) as they aro caten

92
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Comparison results for Baetis Graph 25
rhodani from MAY to JULY.
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by svieklcbacks (Gosterostous couleatus) ond Trout (Salmo trutin)

of wnich one younz sposimoa wes geen in ¢k bee..
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GENERAL DISCUZSION

The physical (environmental) and biclogical factors affecting
drift will firstly be considered, The main physical factors which
have been considered in this thesis and by other workers are light
intensity, (including moonlight intensity), current depth, current
speed, water temperaturc and nature of the stream bed.

Light intensity is statcd as being one of the main factors affecting
drift. Hynes (1970) notes that diurnal\variation in drift is always
related to light and dark périodso Ho also discusses worik involving
aptificiel illuminetion whieh indicates the sams thing, ard Mullor (190))
notes that the “"time signal” is given by the change from light to darit
or vice verss. Other workers which mention that inercased drifiing
cccurs at night are Elliott (1965 a,b, 1967 a,b), Muller (1965),

Tanaka (1960) and Waters (1962). My results also indicatc that

Gammarus pulex, Hydrobia jenuinsi and Limpaea truncatula incrcase their

drift at night while the latter two species algo increasc their rate of
recolonisation of stones during the same period (Graphs 18, 19 and 20).
It seems quite certain, in the light of previous work, that the actual
change from light to dark triggers off the increase in drift and vice
versa at dawn., Periodicity or cireadian rhythms do not appcar to play
s major role., Anderson (1966) explains nocturnal driftilng by suggesting
‘that 1t may havo evolved as a protective or avoidance maechanism to
eseape attack by predators which hunt by sight.

Moonlight as & possiblo factor which may depress nocturnal aotivity
in stpeam invertebrates is noted by Waters (1962) and Anderson (1966).
Waters suggests that magnitude of drift may be, in part, a direct
negative function of moonlight intensity. The drifi net sanpling that
I undertook hed a three-quarter moon in the sky and its pale light was

falling on the stream just aftor midnight. Apart from & minor docrcage

Sb
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in the number of G.pulex cought at this periocd (Graph 17) which eonnot
pe statistically verified, no obvious effect was noticed from my samplo
results. Purther readings on successive moonlit and un-moonlit nighic
would be noecessary to moke worthwhile conclusions.

Depth 1s mentioned by Percival and lhitchead (1927) who note that
depth affeets current speed. [y stream physical measurcment rosults
largely agree with this (Grephs 13 and 14) in showing that current specd
is a function of depth. Thore do appear to be complicating factors
involved, however, (for my study stream in particular) such as stroam
width, and the naturce of the stream bed, which may somctimes caucs an
increase in flow speed with depth instxeed of a decrease of flow gpeed
with depth increase.

Current speed is mentioned by Dendy (1944fﬁr%ooéffgzncklcgagig
Hartogfggl refer to cases of increasedddrift after extra larze discharges
of water or spates. Percival and Whitehsgggggke some carly and aceurate
observations on ehenges in suseoptibility of certain animals to curronts
which arc not undergoing sudden spates. Agapetius spp. arc said to be
vafiable "in & way that can be correlated with the speed of the curpent”,
while a ggggiglspa iz noted as being swept away by certain manimum current

velocities. Other very rapid strctches of water are noted to bo devoild

of such orgonisms as Chironomidae while Limnece peregra is noted as boing

found in lower water spceds., This is generalised gy Elliott (1967a) who
notes that “the drifting of PloXcoptera and Epheineroplerd cceo VAIY
considerably ..., with rate of flow". The whole concept of current
effects on freshevater faund is excellently discussed by Jang and
Ambunl (1964)., They state that typical species of animals axrc not

only affected by a current differently but that thoy also react quite
difforenily. Specialists are mentioned for high ourrent velocities

such a8 @spocies of Baetis, Simulium and Hydropsyche whilo scuo speelos
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such as Gammerus pulex are noted as finding their optimum at a

relatively low velocity. The reaction of cech specles to the current
1t is living in is well exemplified by considering Baetis sp. ond
Simulium sp. which deliberately expose themseclves to the current and
are termed "lithophile feuna". They seem to seek a current to move

in to, while others such as Ecdyonurus and Hydropsyche sp. which were
found in Sherburn beck, behave more or less dndifferently. A direct
relationship between current speed and drift rate, however, 1is not
usuelly possible to prove. As Jasg and Ambuhl go on to state, many
types of stream bed substrata, particularly those with numerous stones,
cause the formation of deed water pockets where there is some movement
of the water but with its impact broken. This meoans that quite rapid
currents over a stony bed will still allow the presence of & varicd
faune which, although thcy cannot withstand direet contact with the
current, can oxist in sheltered areas. As my results show (cee first
stone recolonisation rosults discussion) G.pulex is indced a poor swimmer
and tends to accumulate in S8lower flowing arees., Furthermore 1is
distribution can be patehy, very large numbers being found beneath the
shelter of a single stone whexre they feed upon detritus. Limneea

truncatula and Hydrobia jeonkinsi are also assoclated with slow flowing

areas while Agapetus fuscipes scems to exhibit & tendency to drift in

relation to current specds, also accumulating in sloy flouing arcas.

Baetis rnodani 1s showm to prefer fast flow arcec while the Chironomidac

are not shown to prefer either current, although Percival and lhitehcad
(1927) indicate that very rapid currents with finc deposits are practically
devoid of them.

Water tomperature 18 noted by Moon (1940) who states that the
reaoctions of organisms to temperature will influencc its movements, while

Macan (1957) dismisses tho importance of temperature a8 a means of
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classifieation for Ephemeropicra, preferring one using subsiratufi.
Waters (1962) suggents that temperature may affoct tho magnitude of
nocturnal drift xote. Evidenco in support of a genorol inercasc in
drifting end of rate of rocolonisation is given by my rcoults (see
first stone recolonisation rosults digcussion). A deersaco in numbers

of L.truncatula con be tentatively related to o gorresponding decrease

in water tcmperoture, whilc the drift net results (oec resulis diceussion)

gseem to suggest @ nocturnal increase in Baotis rhodani activity with o

decrease in temperaturc.

The naturc of the stroam bed is one of the more importont factord
affecting tho distribution of stream animals. Not only doss it affect
the current speed, as discusscd above, but it also provides differing
plant substrata to which animals can oling to, hide within and focd from.
The stream bed sempling rooults included in this thesis clearly indicate

that G,pulex and B.rhodonl are more commonly found on gravelly beds with

larger stones and considercble amounts of dotritus (scc rosults discussion).
Othor workers ocuch as Muller (1954), Masan (1957), Jeog and Ambuhl (1964),
Percive) and Whiteheed (1927), Egzlishaw and Morgan (1965), Minekloy (1963)
and Vaters (1961) concidor stream bed substratum os o factor offeceting
drift. FPorcivol end Whiteheod mnke the earliest thorouzh analysis hcre.
They categorise substrate into loose stones, cemonicd stencs, Stoncs
bearing Cladophors and other filamentous algee, arong lcooo MOSS, and
among thick moss. It is among the latier that they £ind the largest
populations of animalo although some species such as Baotis sp. are
restricted to loose stones which are free of vegetation. From observations
I have made syself in Shorburn beck, some species such aa G.pulex can dbe
found in very larze numbers in clumps of rotting vegetntion, while
Minckley (1963) notes that thic same cpeelos was commen in loaf-packets

in an Ameriean stream and Beni (1938) tallko of a conecntration of



Commaride in mocrophytic vegetation. Such animalso are 08%ive cnougn

to emergo into the curzent ot times and, thorofore, favourable oubgtrata
can be seen a5 1ioblo to increasc the number of organiszs bolng eaugnt
up in the current waich will inereage the anount of drift, [ullor (1954)
notes that particular groups of animels sueh as the Hydpagaring and
Colcoptera (both roprescnicd in Sherburn back) often form & molativoly
large portion of the bonthos population but verxy goldop cccur in ths
arift. I atiributos this o thoir mode of life as thoy arc usually
found only among thieck plant growth on stones and szo larzoly avoid tho
mehanical influcnce of Gl current. Dendy (1944) also states that
numszous honthos animals need not necessarily be abundant in drift
camples. Such animals which are rostricted to theso habitabs boeouse

of their wetheds of fecding, will definitely be undor-representcd in
drift eamplos, but othor animals such as Gammarids, whleh movo around
more betweon habitots ond ope capable of colonising lend paciicts or
rotting eluaps of vegetation in larze awsbers will tend to insroaso
tholr contribution to drift, so not all benthos orgonisms can bs asguscd
%o be under-ropresented in drift. Jsag and Ambuhl (1964) help to chow
here that it 15 not only tho focd that substrata offer which 18 important
to enimals, but also the physical shelter fron curront. Som0 organicms
may actually roly on drift to supply them with food such as Siguliid
larvae and ore theroforc foreed to take up an oxpoescd pesition in tho
eurrent, whilc Ephemsroptoran nymphs which rely on & steedy oxyzon
supply from fagt flowing wator must do tho sama, I¢ is oxganisms such
as these which tend to furnish most drift matorlal as well as poor swimnlng
seavengers such as Gemwarids, Because of the obvious connection botweon
cubstratun and drift it 45 hosdly surprising that it Lioo boon ueed by
Percival ond Yhitchoad as a moans of strecm clascificaticn, aloo noted

by Macon (1957). Usters (196L) mokes & further suggestion in that he
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proposes drift rate to reflect, in proper proportions, all productive
components of the stream's bottom fauna by means of a sort of mixting
process. If the degroes of over or under representation for any gpecics
can be determined, then this mothod seems potentially useful for obtaining
a quick, convenient and accurate idea of the faunal compositicn of a
stream bed in tho upsiream vicinity of the drift net.

The Morphology, or physieal shepe and characteristics of the
animal are liable to affect the force which the current can axert on them
and also their ebility to cling %o certain substrate. Hynes (1960)
mentions the fact that hoavy creatures such &5 snails and caddis-worms
with stony cases tend to be rare in drift., Waters (1962) notes that
fow Glossosoma lervac were found in drift nets with thelr cases and
those he concludes to have crawled there. Larvae without their stone
cese wore more common, indicating how the mode of lifc and "adopted"
morphology of somz Trichopteran larvae reduces their llability to drifi.
Yaters algo notcs that light, unencased Simuliid larvas which live in
fast currcnts, arc liable to be dislodged by physical disturhance and so
eppear in drift. Percival and Whitehcad (1927) suggest that L.peregra
camnot resict £ast ourrents bacause of the large surface citposed by the
ghell in proportion to the foothold, It is therofore wore liable to be
washed away (as drift) thon Gastroped species with a smaller, flatter and

more streamlined shell such as Ancylastrum fluviaille. Joag and Ambuhl

(1964), from exporiments conducted on may-fly nymphs of the family
Ecdyonuridac conslude that these can reslst swift curronts bocause of
thelr flattened chope which places them within the boundary layer of the
current flowing over the substratum and beeause of their well developed
legs which cen £irmly grip the rocks. Tho results obtained from my work

at Sherburn beck show quite clearly that the drift ratc of Hydrobia Jenkinsi

ond Limoeo truncatula is affected by the speed of current which seems to
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be duc to their morpholozy (sce pagelOl).

Agapotus fuseipcs was caught in very low numbors in the 24-hp.

drift netting, indicaing that it is not liable to drift over sush
srnort time poericds.

The physiolozy of strcam animals is o olosely melatved topie which
has even more significanco in determining now likeoly they arc to be
- ocaught in tho drifv. Tae strength of some spocles soems o offact
thedr suseoptibility to drift. As Moon (1940) notes, the paysiological
state of theo ovganiem will influence ite wovements. Dendy (4U44) in
his obmservations on Gammarus spp. found tuat active individunls wore
more likely to drift than other opecies suech as the Chircunomidos larvae
which Innabiv sand cases. He found that most individunls ecolloeted from
drift seemzd “vigorous and in axcellent state”. It is woll anown that
Ganmarids are relatively foebie suimmers (Hynoo, 1800). Noverthcless
thoy aro active 1n thoir wovemenis cbout the strsom bed ond i¢ ig thelr
internal physiology which causes thel to be unable to resist vory fest
currenis and so drift downstrecam. In other woxdse & combination of innate
susculay strongth and activity in cuerging into strchm ourrcnts Soems to
bo dnvolved., Uators [1961) terms such enimnls as "free-ranging and
rolatively weokeswimaors”. o Ephemcroptoran B.rhedani ean also be
simiiarly doseribed.

Tt drift 1o a normal and gonmtinuous phenomeonen in frosh water
streams has boen woll cstablishicd by many woriters. What has couscd
dizsagrecmont and controversy for & nuaber of years ic the mothod by which
whe numbers of drifting animals are replaced in strosm head-woters. In
logical toruas, such areds oan be aipcooted Co booome denuded of animals,
but in fact rarely Qo so. Tao first ideas on upstrean ropopulation
mochanisams como from Mullor (1954) who, from his studics on north Swedish
stroams proposcd o "colonisation eyels”. Tais idea explained possible

reductions of upstrecm populations by sugsesting that "there ocours a



migration of imagines upstiocai, which, following tho dircotion of tho
stream, ensures a balance and a completion of tho population.”

Roos (1957) and Macan (1957) elgo proposcd that upstreom movemonts of
cugelaying adults would repopulate upstream arcas. Macan oven sugzested
that aquatie nymphs may move upatream and Reos taliks of masy movements
of famale adult insects containing mature ogzgs in an upstroam dircetion,
even againat winds. By the carly 1960's such idcas wers boing chollenged
by suohr poople as Elllott and Vaters. [Mnesloy (1903) talus about
Gemmorid specles, one group of cnimal that obviocusly cannot £ly upstrean

o ropopulate,. He found wiet agfior spates, (Goammorus bousficldl woved

back upstrean en masoe., (Cammarud minug, oWeVer, Was doseribid ag

eihibiting more subtle, shori-temn Hovements upstroam and tuo author
Suggests thiet, alternatively, this species malntalns 1o upstroam
populations by rapid reproduction. Tnis lasy idea roflecic a eindnge

of ottitude in the idoas concernlng repopulation and aas bsen thorougily
explored by Uaters and Elliott. Z1liott (1837) talks of inoreaccd
compoiition botween Epncmoroptoran nymphs for food and space, cousing
an inercace in drift ac morc and morc are pushed off stones. Ao carly
au 1961, Waters was stating that rcmoval from upsircos Oreas oot be
balenced by preduction rates much highor than may havo becn proviously
supposed, In his 1965 paper, ho oxamines the complete quowtion of
repopulation. He eriticises tue colonisotion cyele tneory ac inapplicabl

to non=-flying streem speeles and mede the wain intention of his study one
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of determining whetuer drift nov date could boe intorpreted ac @ weaguraincnt

of permegnont doimstyroom dicplacement. Tnis ho ostablishkcd to be so for
mort otream animalu and, furthoruore, he showed tnat drifting organisms
cntered drift nets at all leovels and not only at the cixcaw bottom. His
otudics on Cammarus spp. ond Baetds opp. indieated tant altiouzh they

vere passively carricd along by uater currents, a cortain amount of
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agtivity was required for them to onter the drift with the rogulay
diurnal pericdicity (discusscd earlier here). The precise naturc of
this activity, whether an active upward swimming or Jjust an incrensed
level of movement, he did not ascertain. He then divides drift into

a nunber of categoricss “behavioural drift” which is duc, for example,
%0 & behavioural response to changes in light intensity; "entasirophile
drift" which is due to floods oy othor physieal disturbances, and
"eonstant drifi" whieh relates to the occasional individuals of all
species present that adventitiously lose their hold on tho bottom and
are oaught in the current, This last group of animals will be found in
low numbers without regard to any diurnal pericdicity. He concludes that
"hehavioural drift” appears to ocour as & form of density dependent
removal under conditions of high rates of preduction.

I am inelined to agres with this more recent cxplanation for
repopulation of upstrcam reaches, for it is well knotm by population
ccologists that any species with abundant food and living spaco will
exhibit an exponential rate of population increase until its increcase
4n numbers is counter-balanced by some restricting factor. Upstream
areas, therefors, will quickly become populated to a maximum levol but,
beeause of a constant reduction in population vie drift, there is what
might be termed a "safety valve" for intra specific compotition co that
species are able to eontinually maintain their numbers at a high level
rather than suffer a population "erash” due to the adverse offect of
restriotive environmental surroundings.

In Water's paper Just discussed §1965) he notes that "the drift rate
at any one point is some function of tho area upotream serving o8 the
source of drifted organisms, the population density on that area, and
the relative rates of production and other forms of mortality”. In

his earlier 1961 paper he proposed that mean rate of drift would be in
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some coastant relation to tho moan production rate, assuming stoedy-stato
conditions. His data suggested thot total standing orop cannot be uscd

as an index of production rate beecause the ratio, standing crop : productica
rate, mcst bo assumed constant and would not be so if thore woas varying
relative quantities of organisms having different longovitics.

Productivity studlos on drift seem mostly to have stommad from
research performed on fish production in streams., Ac noved above,
invortebrate drift is aclnowledged as boing one of the main food Sourecs
of fish end so invertebrate blomass inerease has beon studied as o moans
of boosting fish productivity for human concumption. Horton (1961) uscd
drift netting to estimato the productivity of the stroam ho wos studying
while Warren et al (1964) tried the addition of susroce to sco if
invortebrate biomass was inercased. Thoy showed that sucroso oddition
did indeed "inorease tho blomasses of virtually all tho taxonemic groupa”.
PFurthermore thoy found that drifting in the enviched arcas was 1e¢ss than
in the unenriched areas whieh wms probably duc to rcduced competition for
plant focd in the enriched sections.

The prescnt woric ghowcd that drift does occur in ceortain orsanicms
in this particular stream and that, in scme cases, the initial vate of
recolonisation of denuded portions of the habitat (i.c. stones) dopeado
on the period of time involved. While some sposiesn scexm to chioy & L0
of recolonization dircetly related ¢o the drift rete, my rocults indicato
that this is not so for all the animals studies especially the Gastropod

gpecies.

Tho studios on Sherburn beck thus showed that there were variations
in drift, a&s opposed to any near-neighbour stone effect in torms of
recolonigation, and in tho actual rats of recolonication, which varied
between animal specles. Preferenco for a papticular £floy rogime aloo

varied betwesn specles and all of this was affected by 1ife eycle dovclopments.



Gommarus pulext, Hydrobio jenkinsi and Limnosa truncatula shovcd an

inorenss in drift ac it bocauo ddvk and the distributicn of the

former species was shovn to depend on tho typo of strcam bod substritwd,
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SUMMARY

In Sherburn beck, Co. Durham, drift sampling ovor a 2h4-np. poricd

completed with various stone recolonisation amperimonts chowed thats

L.
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D
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Some animals recolonised quickly (CGammarus pulex), others took

about a woek {Baetis rhedani, Amgapetus fuscipes, Limmoaea ¢truneatula,

Hydrobia Jjenkinsi) and some took considerably longer (Chironomidac).

The importent of drift &3 & means of recoloniszation varied from speeiocs

to spoecies. Limnecsa truncatule and Hydrobia Jjonkinsi rooolonised

moxa by movement from neighbouring stones while Bagtis vacdaoni ond

Agapetus fuscipos raecolonised moxe from drift.

Some animals wers found more in medium £low arcas of stroeam

(gyﬂrobia Jenkinsgi, Limnaca truncatula, Cemmarus pulex and Agopotus

fuscipos), others more in faster flowing arcas (Baetis racdani) and

some showed no prafeorcnce (Chironomidec).

In the early stages, drift depondent sposies sueh as A.fuseipss and
B.rhodani showed & ratc of reecolonisation directly rolated to rato
of drift.

Life eycle developmonts by some species (A.fuseipos, G.pulcx and
B.rhodeni) tended to camouflage somo of the above phenomena during
the experimental periocd (early May to mid July).

A mayked nooturmal inersase in aotivity over the whole night wao
shoun by G.pulex which decreased when dawn broke, while H.jenkinod

and L.truncatula shoyed an increase in the number drifting and,

espeeinlly, in tho number moving from neighbouring stones as it boeamo
dark but not during the whole night. B.rhodani indicated o dcpondonco
for activity on o combination of water temperaturc and lignt intoneity.

The distribution of G.pulex and B,rhedani was shoim to bo dependent

upon gtroom bed substratuz.
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