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1

Abstrai?/' S

/A ThlS study evalua@%s the role of drift in malnta1n1ng
‘ A
relatlve mlcrodasﬁrfb&txom of larval populatlons of two

‘( ;,m\u,f * g%, S i

mayfly species 1n)tiwnE

'“1na River, Alberta, Canada.

<

ﬁphemerella‘1nerm1s,Eaton 1s,un1volt;ne. Eggs hatch

\

A S o S _
in Augudt and larvae emerge the following July. Baetis . .

tricaudat‘s Dodds produces three oohorts'per year.l,

Emergencelperiods ocour in early June; July and early'
September; Only one cohort overw1nters as larvae. ' -

Early 1nstar E. 1nermls larvae are most abundant near

'shore but move to deeper water 1n late autumn : Baetls

"trlcaudatus larvae are. seldom numerous 1n nearshore areas

‘ Mlcrodlstrlbutlon of both spe01es is largely determlned by

the dlscharge pattern of the r1ver~'flood1ng results in

‘ J
temporary relocatlon to nearshore reglons. /j

' Drlft of both populatloné 1s most marked in late spring -
’and summer. Nocturnal drlft den31t1es are much greater 1n
| slow than in fast water reglons.d.d
Laboratorw studles 1nd1cate that departure from the
':substrate is den81ty 1ndependent and 1ndependent of amount
Cof detr:tus in the substrate. Nocturnal departure was more
pronounced under oondltlons of 1ow mean current veloc1ty
lthan in faster water. The reverse was true durlng dayllght.
Rates of loss of dead anlmals from the substrate ‘were much
dlower than departure rates of llve organlsms.'

Settllng rates of both llve and dead anlmals were



- dlstrlbutlon of the two populatLtrwrth‘

.inversely related to mean current velocity;‘ Live animals v
had greater settllng capa01ty than did dead organlsms

Lateral dlspersal of suspended larvae depended on both the
downstream’dlstance‘travelled and on the dlstance fromsshore'
that larvae‘entered the water‘coldmn Live anima%s beLame

more markedly dispersed laterally than dld dead anlmals.

A model was developed to predlct changes in benth1C'

ﬁ'result from drlft

2 ;n’i

Lateral transport of drlftlng anlmals was assumed fo-ﬂﬁ%

5

‘Markov process Probablllty estlmates of departur\\ down—
stream movement and- lateral dlspersal were comblned to.

vproduce tran31t10n matrlces. Temporal changes in micro-

kdlstrlbutlon across the rlver were then estimated as a N /

Markov chaln. Although predlcted estlmates of drlft broadly

‘corresponded w1th observed. levels, predlcted and observed

benthlc dlstrlbutlons were markedlv dlfferent. I conclude

'that drlft should result in rapld transport of most 1nd1v1duals

~

in each populatlon to, stream marg1n<

I suggest that drlft is an lmportant determlnant of
4

mlcrodlstrlbutloﬁ but observed dlstrlbutlons of - larvae

are maintained only by the ablllty of anlmals to crawl

‘_towards the rlver centre. Actlve drlft of B. trlcaudatus

and E.  inermis larvae may be an adJunct to normal crawling

search behav1our. Drift exhlblted by relatlvely sedentary,'

'~taxa must serve other functlons
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lNTRODUCTION
lntens1ve research on aspects‘of 1nvertebrate

drlft 1n recent years has done much to eluc1date factors
1nfluenclng downstream transport of benthic anlmals 7
'Representatives‘of:all species can occa81onally be found \"‘
suspended 1n the water. column. This may be the‘;n01dental
result of catastrophlc changes.in the river,(catastrophic .
"~ drift) . Alternatlvely, drift may appear in recurrlng
;seasonal or: dlel cycles, 1ndependently of v181ble mod—
1flcat10ns in streamflow characterlstlcs. Occurrence of
the latter 1s referred to as behav1oural drift ang 1s most
prevalent ln herblvorous, hemlmetabdlous aquatlc insects,
notablv Ephemeroptera.‘ The prevalllng V1ew of drlft R
attrlbutes these perlodlcltles to an 1nteract10n between»
"cycllc nocturnal or seasonal 1ncreases in the. act1v1ty of
1nd1v1duals and the erodlng 1nfluence of the water current‘
‘ThlS causes an a001dental dlslodgement of anlmals
| Interpretatlons of\the adaptive S1gn1flcance of the o
: phenomenon dlffer. ﬁesearchers who have studied streams_
»1n whlch the 1n01dence of drlft 1s low relatlve to benthlc_
:dens1t1es ascrlbe llttle ecologlcal 1mportance to drlft

However, 1n many rlvers the number of anlmals drlftlng

over a portlon of substrate durlng 24 hours frequently

[

'1-exceeds the benthlc den81ty Muller (195@) v1ewed drift-

-as a means of reduc1ng competltlon for food or space when'

* _“hlgh den51t1es of- anlmals occur on the stream bottom.



individuals that enter the drift;then‘become available to“'
colonize»unexploited areas downstream.f Drift may;thus"
serve the dual role of regulating'ana dispersing pop;
ulationc. Mﬁller (1954) felt that some compensatlng
mechanism was requlred to account for an attrition of
populatlons in upstream areas and proposed a "colonlzatlon‘.
cycle"; whereln emerglng adults flew upstream to- ov1p031t
.and repopulated these reaches.

Waters (1961) observed that drift in hlghly productlve\r
rlvers was muoh greater than in sparsely pepulated ones,
.but upstream areas seldom became depopulated by drift.
COnsequently, he felt upstream fllght was not a requ1S1te.
h Waters postulated the alternatlve hypothesis that drift
rn response to competltlon serves prfmarlly to remove those
;'1nd1v1duals whlch‘ake habltat cannot support , Drlftlng
animals are- thus: 1ndlcat1ve of excess productlon

Another view “holds that drlft represents the net-
fﬁresponse of 1nd1vlduals to the sultablllty of thelr
:urespectlve mlcrohabltats.- Early fleld studles revealed
. exponentlal relatlonshlp between total 1nvertebrate drlft'

and, stream dlscharge or the strength of the current (Balley

'} Elliott 1967b) HOWever,'other workers have‘Epund

e uced current can also produce 1ncreased drlft
(Edlngton 1965, Elllott 1968a, Mlnshall and Winger 1968,
Corkum et 1 1977, Gore 1977) tSuch ev1dence suggests
’that departure from the. substrate may be actlve at times

o ather than a001dental but more 81gn1flcantly it 1mplles

-



‘ fhat driff is a controlled response to.an enmironmental
gradient - The range of current velocity w1th1n whlch \
'mlnlmal drlft occurs may - be representatlve of the zone
- of preference-of a.partlcular‘populatlon; outside this
‘zone animals fend purbosefully toileave their‘microhabitat;

| Similar observationsihave‘been~made on the in%luence.
ef other“abietic_factors affecting'drift, e.g. substrate
texture, water temperature and oxygen concentration. The
infiuence of‘predators\LQbrkum ann Pointing 1979, Corkum :
and Clifferd'1980, Peekarsky‘1980b, Walton-1980b)'and
food availability (Hildebrand 1974, Keller 1976, ‘Bohle
1978, Walton 1978) have also been 1mpllcated in modlfylng
the magnltude,of drift. Thus, under certaln 01rcumstances,
'benthic organismslmay.drift in response to many of the biotic
~and abiotic variables typically.usedvte define aqnatic
' micrqhabitats}_ ' |

Figure 1 summariies the‘factors that have been'shewn '

to 1nfluence drlft Pathways are numbered and correspondlng
references to them are ﬁlven in Table 1 The tabular summary
‘llStS only those studles in whlch a 'positive'’ relatlonshlp
~ was found or 1nferred. General descrlptlve accounts of
' fleld studles have not been 1ncluded |
| v The relatlve 1mportance of each of the parameters
'vlllustrated in Flg..l has yet to be determlned for any -
‘spe01es, but it is unllkely that all are promlnent in

“governlng the drlft of a. partlcular populatlon. The complex1ty

of the flgure underllnes tne central problem inherent in a
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complete understanding of the initiation of drift.
In yeneral the 1mportdnoe of active entry lnﬁo tho

water column has probdbly been unders tated in much of the
drift literature (Walton 1980&). but whether entry occurs
by either active or by passive means, mediated by activity
changes, is of limited importance to the outcome of the act.
Ulfstrand (1968) stated that;;regardlegs ﬁf the means by
which animals becomowsuspended in the water column, “the

v

start of drifting movement is by no means accifdntal."

Townsend and Hildrewq(1976)"obse;ved that the benefits of
drift to an individual will accrue regardléss of whether
entry into the waterﬁoolunn is accidental or intentional.
Once in the water column, organisms are carried down-
stream., A oonstanf proportion retuin to the bottom for
every unit of distance or ‘time travelled (McLay 1970,
Elliott 1971a, McKone 1975). Reestabllshment may be
fac1lltated by sw1mm1ng motions made by the anlmals (Mc one
1975) : Alternatlvely, downstream transport\of certaln
animals ‘may be pa381ve (Ulfstrand 1968) an%/tefmin;te by
thlgmotactlc responses of the individuals dpon chance \contact
" with the subskrate A behav1oural component of settll g
results in 1noreased rates of return to the bottom by
Cerfain'speciés (Elliott 19715, Walton 1978 Ciborowski
‘ Cofkun 1980)  Animals able to staga a r?pld return to thp
-substrate tend to be those that frequently Show diel drlf:

perlOdlCltleS‘(ClborOWSKl and Corkum’1980),

Current,ékerts the most impoftant influence on settling

4



rates, although substrate texture, waler temperatuare, benthice
dengi ty at gite ()11’ reestablichment, and the presence or
absence of "lf;fu,{,ht miay be moditfying factors (references in
Table 1).

A fraction of (lr‘i:t“ti,ri{_{ animaly are lost as o result of
predation by fishes, emergence, and mechanical injury.
Mancini et al. (1979) found that removal of drift-feecding
.fishes from a pool had no intluence on the density of
invertebrates drifting through it. Consequently, although
drifting animals may be an important food source for fish
predators, the prbbahility of an individdal insect.being
eaten is low. Laboratory studies suggest that mortality
due to mechanical injury is ®inimal, even at very high . "
water velocities (personal observations). Thus, most
individuals that leave the substrate probably return
successfully. *

Drift often provides the primary source of animals
during recolonization of disturbed or denuded stream areas
(Waters 1964, Townsend and Hildrew 1976, Williams and Hynes
1976, Sheldon 1977, Gore 1979, Wise and Molles 1979, Shaw
and Minshall 1980). When adjacent upstream reaches support
high densities of individuals, normal standing stocks of
‘animals can be accumulated on a scoured §ubstrate in as
little as 4 days (Waters 1964). Such recolonization must
élso be a refléction of the turnover of individuals that
océurs in;all parts of a river by‘drift and subseqdent
resettling.

The number of animals on a portion of river bottom

<
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"Inecessarlly represents the balance between net 1mm1gratlon

9

‘Land emlgratlon as well as blrths and deaths.; Slnce relatlvely

\1m1nor changes in stream dlscharge can produce large changes

o

filn the flow pattérn over the bottom ana consequently 1nfluence

‘0both the substrate comp051tlon and food resources, 1t may

u
)

f;be expected that anlmals are adapted to relocate when
. Condltlons become unfavourable.‘ Drlft could be an 1mportant7prf:u
klmeans by whlch thls relocatlon OCCurs,t B |

My study was undertaken to evaluate the 1mportance of

N

idrlft 1n governlng the mlcrodlstrlbutlon.of populatlons of

,jtwo mayfly spe01es, Baetls trlcaudatus Dodds and Ephemerella;
:flnermls Eaton, 1n the Pemblna Rlver, central Alberta, Canada:‘
:lBoth specles are numerlcally abundant 1n streams throughout
}fwestern North Amerlca and frequently domlnate the drlft 1n »

ey

‘;these streams. i

11 I have presented my research 1n four chapters., The:«dﬁ”
’rffrst establlshes the llfe hlstory, mlcrodlstrlbutlon and

'?drlft characterlstlcsrof larvae at a s1te on the Pemblna»;ff;;5t7;
Rlver near Entw1stle, Alberta. Chapter 2 reports the .
{‘results of laboratory studles wthh assess the relatlve

2'1mportance of current ve1001ty, benthlc den51ty of larvae

"and detrltus concentratlon on - departure rates of the organlsms.gHT'

flI also studled the effects of current ve1001ty on. washlng away"x'"

»'of dead anlmals to examlne the role that behav1our mlght
- ' 4 :::‘: N Py
-play 1n 1nduc1ng anlmals to leave the substrate., Chapter SRR

th prOV1des 1nformat10n on the transport of larvae 1n the

:[Pemblna Rlver.s Lrve and dead anlmals were released 1nto



(

h:the water column. Catches of larvae‘ln a- serles of down~ - }A
:stream nets permltted me to estlmate rates of settllng and, |
~the degree of lateral transport that drlftlng anlmals are
psubgect to.v In Chapter 4 I derlve a mathematlcal model
°7whlch 1ncorporates data on larval mlcrodlstrlbutlon, |
hmfdeparture rates, downstream transport and lateral transport
ﬁjto examlne how drlft“may modlfy the mlcrodlstributlon of the

o;x"

Zfrtwo larval populatlons., Predlctlons of the relatlve dlstr1b~

putlon of 1arvae after 2 weeks"drrft and the number of anlmals-.*'

:aj"expected in the drlft were compared W1th data collected

“d;from the Pemblna Rlver.;”* L ~,A357y.vd7_»zzpp"€;},:'

¢



/% UCHAPTER 1

LIFE HISTORIES MICRODISTRIBUTIOI\I AND DRIFT :

o b

OF TWOxMAYFLY (EPHEMEROPTERA) SPECIES o
‘;;” IN ‘THE PEMBINA RIVER, |
. H\,ALBERTA.,CANADAs'fv



e

N Introduction . .,

Baetls trlcaudatus Dodds and Ephemerella 1nermls

7 Eaton are among the most w1despread and abundant mayfly
'spe01es 1n western North Amerlca (Johnson 1978 Morlharac
:i‘and McCafferty 1979) Although E 1nermls has a 31mple‘ J

;d»unlvoltlne llfe cycle (Hartland Rowe 1964 Zelt 1970,.f:d.’

Qv;Hamllton 1979, Barton 1980), 1ts mlcrodlstrlbutlon may |
Csvary\w1th 1ts developmental Stage (Mlnshall and Mlnshalll?
ﬂ'1977’ Raben1 and Mlnshall 1977) J Corkum and P01nt1ng

,(1979) rev1ewed development of B trlcaudatus (as B. vag

ff‘McD ) 1n eastern North Amerlca, but the llfe cycle of western
':populatlons 1s complex and poorly understood (Cllfford et al..

3:1973) Larvae of thls spe01es are normally found in fast

”dﬁwater (Mlnshall and Mlnshall 1977 Rabenl and Mlnshall 1977,;~‘._f

fCorkum and P01nt1ng 1979) \ 5 2

%

1 Q' Both E 1nermls and B trlcaudatus larvae are frequently

’“Clted as domlnant organlsms.ln stream communltles, yet
'm;studles on thelr blology usuallytreatonlythelrllfehlstorles
”or thelr mlcrodlstributlon, seldom both. I 1nvest1gated

"'whether mlcrodlstrlbutlon of these two mayflles changes as s(\ﬁ

i~pthe Jarvae develop, and,11f so, what mechanlsms are respon81ble.v

‘lfor relocatlon of ‘the. anlmals

11



'-}s1te 1t dralns a watershed area of 4530 km

12
 Methods e

. ,% B - : . . ‘ . “»c m‘.
};Study Slte . . I S P L o

The study was conducted on the Pemblna Rlver near the
' town of Entw1stle, central Alberta, Canada (53 37 N v"
iL115 OO W) ThlS flfth order rlver orlglnates in- the Rocky

[ﬁmountalns and flows 1nto the Athabasca Rlver. At the study

2, 1s 65 m w1de,-
«Fand has a max1mum depth of 1 2 m durlng normal flows.

R ‘
_ZSubstrate 1s unlform across the channel, cons1st1ng of smoath

vflimestonelcobble embedded 1n coarse sand The substrate 1s

Pre

jfbarren of macrophytes except durlng extended perlods of low

ff'dlscharge, at Wthh tlme Cladophora sp. may become abundant.

,"‘Current veloc1ty 1ncreases evenly from shore to stream L
'fcentre._ Cross sectlonal mean Ve1001ty is 0. 4 m s’ 1 durlng
' typlcal summer water levels.‘ Bank51de vegetatlon (Populus

,-

f‘"balsamlfera L., Alnus rugosa (Du R01), Sallx spp v Plcea

f’spp ) prov1des the maJorlty of detrltal materlal. The rlver
is 1ce covered from November untll Aprll Kellerhals et al
"‘(1972) summarlzed the hydraullc and geomorphlc characterlstlcs

;v{of the Pemblna Rlver above the study s1te..<,f‘5i'

'h_Benthos Collectlon v[~7é

dv Anlmals were collected W1th a modlfled Hess sampler»\'
(Waters and Knapp 1961) that enclosed a sample area of 0. 1 mz.’
iu Pore s1ze of the nettlng was O 380 mm. Benthlc samples were\'

V,taken at 10 15 day 1ntervals durlng the 1ce free perlod from



-~

May 19?8 to March 1980 Collectlons were made along ‘each

¢
, o

of three transects runnlng parallel to the shorellne.
Transects on each sampllng date were chosen on the bas1s

“of water depth at 10= 15 cm, 25 35 cm and 45 55 cm Except -

' durlng perlods of extremely hlgh or low flow. these corresponded

y
“to- dlstances from shore of 3 7, and 11 s Current veIOC1ty

W

was measured at each transect W1th a Gurley, Stevens or/n

Ott c=1 current meter except when heavy flood condltlons_

'ﬂreleased enough detrltus to clog the propeller Three'

' w1nter collectlons were taken through the 1ce,_25 and 32 m-

from shore. Water depth beneath the 1ce was 45 and 55 cm,

respectlvely, 1n December,_but had decreased to 5 and 10 em’

by March e --ﬁaé
| Three Hess samples were taken 1 m. apart and pooled at
each transect 1n 1978 In 1979, flve separate samples were
collected along each transect The 1ntermed1ate transect
was’ not sampled in Nay 1979 f All collectlons were preserved
1n Kahle S fluld and sorted in- the laboratory
| In 1979, all non-anlmal organlc materlal was removed

from the 1norganlc fractlon by elutrlatlon, separated 1nto,5;f

13"

coarse (>1 OO mm) and flne (<1, 00. mm) portlons, air- dr1ed,fj7 S

and welghed to the nearest O 01 g._:

d

Water temperature was measured w1th a hand held ther—jt

L4

mometer between 1100 and 1130 h on each sampllng occa51on.'t

Dally dlscharge data were avallable from a gauglng statlon”fi_v

t"malntalned by the Water Survey of Canada, 1 km upstream ofv_c°

h il

the sampllng s1te. ,v



'Life History"
Slze dlstrlbutlon of anlmals ori each sampling date was

f
determlned by measurlng head w1dth at the level of the eyes.

In 1978 up to 50 anlmals per spe01es were measured from
feach of nearshore and remote transects. Up to 20 anlmals

'per sample from all transects were measured in. 1979 Where-"
'fsdbsampllng of - collectlons was necessary for measurements,'
‘ulnd1V1duals were v1sually ranked by S1ze and the approprlate o
:7number of organlsms selected ‘at regular 81ze 1ncrements. V
Head w1dths were measured W1th an ocular mlcrometer under
a - dlssectlng mlcroscope at 40X magnlflcatlon to the nearest
fo 024 mm.i" '_ | |

'_ Perlods of emergence were" estlmated by sweep1n§ bank-’f”'q

S1de vegetatlon for adults and by notlng the presence of

‘mature larvae (those W1th black W1ng pads) 1n benthlc samples.

B )

,w T

,lecrodlstrlbutlon | | o L
| One way analys1s of varlance (ANOVA) was used to test
—for dlfferences in dens1ty of each spe01es between transects'
' fon each date 1n 1979 Where there were s1gn1f1cant dlfferences,-,
‘effects were partltloned us1ng Student Newman Keuls tests
‘(Sokal and Rohlf 1969). R -~‘1; ‘*/'1 -

”f Least squares regre581on analyS1s was used to determlne

. the relatlonshlp between amounts ‘of brganlc materlal and .'“1

ﬂf~benthlc dens1ty of each spe01es.. Separate regre881ons were
h{;conducted for large (CPdM) and. small (FPOM) partlcle 51zes._f

'”ijn\addltlon. the relatlonshlp between numberScof all other n '

: h



\ a
\

benthos (AOB) in each sample and the two mayfly spe01es was’ n
» tested ‘ The regress1on analyses were performed on the data
pooled from all 1979 samples, on samples pooled by date, on
samples pooled by transect and on sets of repllcates collected
ualong each transect on each date. Pooled coefflclents of
idetermlnatlon were calculated for each grouplng of. data by
‘addlng together all explalned sums of squares for a series
of regre881ons and d1v1d1ng by the pooled total sums of :
hsquares., This prOV1ded an’ estlmate of the proportlon of
,/the ‘overall varlatlon removed by regress1ons on - the varlous =
data group1ngs.f~ B | _'y S S 'i','~5_'

v Sl

Drlft o

o ~ | |

: Twenty four hour drlft studles ‘were carrled out June

15 6 July L 6 and August 2- 3, 19?8 Drlft was monltored -f,.”
:contlnuously by means of. nets w1th a mouth openlng of 9. x 9. |
icm, and- net. pore size. of O 320 mm’ (Cllfford 1972a) vOn;'
uy,each#occas1on two nets were anchored An the river w1th
f;steel rods drlven 1nto the rlverbed one’ b mn from shore in

‘15 20 cm of water and the other 12 m from shore at a depth

of 45-55 cm. Each: net was kept 3.cm below the water surface .
‘.‘and was emptled at 30 -min 1ntervals Water veloci v at the

mouth of each net was measured every 6 h. In July ast

Ca thlrd net was anchored 3 cm from the substra |
'.stakes as the deepwater net._‘g

Net contents were preserved 1n Kahle s‘fluld aud sorted

'-in'the laboratory.: Because the amount of water pass1ng

v

e



through the nets varled w1th net p051t10n and date, drift’
was expressed as drift den81ty (no. anlmals ml3 water flltered)

i

Results

Phys1cal Characterlstlcs
Dally discharge. and water temperature dlffered sub—‘
stantlally between 1978 ‘and 1979 (Flg.,2) Mean annual daily l
dlSCharge in 1978 was the second hlghest since 1956 whereas
in 197b it was the second lowest (Water Survey of Canada,
unpubl data) , In 1979, there was relatlvely llttle var-
1at10n in flow apart from the normal ‘run- off peaks of May
‘and_June.. Four’ addltlonal maJor flood peaks occurred in 1978
The Pemblna Rlver remalned ice- covered 2 weeks. longer
| in 1979 than 1n 1978 This delayed the spring warming of
the river. However, the frequent floodlng 1n 1978 resulted ;
'ﬁln lower summer water temperatures than in 19?9
Table 2 summarlzes mean current ve1001ty, detrltal
.Aconcentratlons and benthlc dens1t1es of anlmals other than

. B trlcaudatus and E. inermis along the three transects

sampled 1n 1979 . Current ve1001t1es Varled llttle through— :
ut the year (a consequence of the sampllng des1gn) but FPOMVv
‘CPOM and ‘AQB- were substantlally greater durlng late summer

vand early autumn than at other tlmes.

Llfe Hlstory

Ephemerella 1nermls was unlvoltlne in the Pemblna Rlver.n



-

Figure 2. Mean daily discharge. (top) and water temperéture

(Zﬂ%tom) at sampleﬂéite»on-PeMbina‘River, 1978
(

0olid line) and 1979 (broken line).
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Early instar larvae first appeared at the end of July 1979,
"but not until mid-August 1978 (Fig. 3). Maximum densrties
of animals were reached in late October 1979 and in early
October 1978v(Fig; 4). Growth had ceased by the end‘of

. October and did not resume‘until ice breaQFup. ‘Mature
larvae first.appeared at the‘beginning.of June 1978 but were
delayed id days in 1979. Peak emergence ocourred at'the end.-

of June, although some larvae pers1sted in the river until

the end of August

[~

-

- Larvae of B. tricaudatus were.present’throughout the

year, although very g&w remained in the river in June 1979
" (Fig. 5). Low water temperatures in early 1979 appeared to
'delay'hatehing of eggs in sprlng motre than it delayed‘emer— P
gence of adults. Major periods‘of emergence'were observed
~at the'end of May and.August; Lower nuhbers‘of individuals

also emerged throughout July (Fig.IS) The hatching7of N

_young larvae was marked by subsequent peaks of benthiF den81tyen3>

B

in June, August and October (Fig 6)

o

Microdistribution k y;
'During.1978,pspringaand summer'densities of E. inermis

larvae in slow water near shore were as’ great as or greater

than at either o# the more remote transects (Fig..4). Near-
\ -
» shore denS1t1es, however fell noticeably during the one -

*1nterflood sampling period. Regions of greatest density

o

were reversed (1.e. greatest along the remote transect)
during the same period inv1979, Early instar larvae were
“ . . . g . . ~ . .

N
s



Figure 3. Frequency distribution of head widths of E. inermis
larvae in 1978 (upper) and 1979 (lower). Solid
line above histogram indicates abundant emergence,

broken line indicates sporadic emergence.
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Figure k.

-
i

PSR

Benthlc den81ty of E \1nermls 1arvae in 1978 (upper)‘

and 1979 (lower ’mean + 1 standard error)

llne

,Il“ o

llrie

lower flgure connect transects for whlchgf‘ 7
. o

l

dens1ty dld not 31gn1flcantly dlffer (S N- K :d'

]

SOlld

nearshore, broken llne = 1ntermed1ate, dotted

remote transect - Vertlcal bars at top of

test, p > O 05) on each 19?9 sampllng date, '

L and remote transects, respectlvely.,

'l"

‘7‘n 1. and r represent nearshore, 1ntermed1ate’rf
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Figure 5. Frequencydistribution of head widths of B.

' tricaudatus largﬁejin_l978_(upper) ‘éhd l979i(§owenﬁ;_

'Remaining éXplanation aS in.Fig.;j.b
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Figure 6. Benthic density of B. tricaudatus larvge in 1978

" (upper) and 1979 (1dwef:Vméan + 1 standand error)..

 Remaining explanation as in Fig. 4.
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first found at slow-water and intermediate transects and only
later at The fast water transect.' Appearancevalong ‘the remote.
transect was accompanled by a/drop 1n densities near shore.

Sprlng and summer dlstrlbutlonal patterns of B trlcaudatus

' larvae were 81m11ar,to those of E inermis (Fig. 6). Anlmals
were: equally abundant at all transects 1n 1978 but 81gn1f1cantly

greater den81t1es were found in fast water along the remote .

'transect durlng 1979 Den81t1es at the nearshore transect did
;not exceed those in faster water as was observed for E- inermis .
'1n autumn ‘ e

‘ ‘ Regre581on analy81s of the relatlonshlp between the three.
31;1ndependent varlables (FPOM CPOM AOB) and E. 1nermls/B

-dtrlcaudatus abundance removed the greatest amount of varlatlon

' when transect repllcates w1th1n each date were separately
‘analysed and then pooled (Table 3) i P081t1ve relatlonshlps
'.were found between all three varlables and denS1ty of E. 1nermlsb

.',larvae, but only CPOM and AOB removed a 81gn1flcant amount of |

the Varlatlon in. B trlcaudatus-den81t1es.‘ The relatlonshlp

between the two detrltal fractlons and E. '1nermls abundance §
,was not ev1dent when other grouplngs of the data were analysed -‘ﬁ
- In contrast relatlonshlps between all three 1ndependent var—‘

1ables and B. trlcaudatus larvae were negatlve. The partltlonlng,

‘wby transect, of the two mayfly spe01es 1nto reglons of 81m11ar
o
current ve1001ty (earller 1-way ANOVA tests) accounted for UZ

and 67 percent of between repllcate varlatlon for E 1nermls
. s i

“and g..trlcaudatus_larvae, respectlvely

N ! ' - . ’ . . :
! . : \ii‘ ) g - § ) v
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Drift

i

Both E. 1nermls and B. trlcaudatus larvae showed nocturnal

.increases in drift, especially in nearshore samples, Although

daytime drift density of eaCh species was comparable at both

Lo , ’ o) ‘
nearshore and remote sites for any particular date, nocturnal

~drift densities were substantially greater near'shore than in

_’deeper water (Fig. 7). Drift densitiesfof E. finermis larvae )

were greater than those of B. trlcaudatus in. June, the ‘only

month when benthic densities of the two spe01es were comparable.

- Drift dens1t1es of both spec1es were exceptionally hlgh when

e compared with values in other fleld studies (see Armltage 1977)

/

b Ephemerella inermis ‘larvae dlsplayed_a slngle nocturnal

'mpeak in.drift‘density in June, whereas B. tricaudatus exhibited

o at least two peaks, the maJor one - occurrlng Just prlor to dawn

) gFlg,v8). Patterns of drift on other dates were: s1mllar

14

Discussion .

In the Pemblna Rlver, eggs “of E. inermis hatch‘between -

4_the end of July and mld August. " Larvae: grow rapldly in. autumn,

‘complete development the folIOW1ng sprlng, and emerge at  the

”beglnnlng of July. Slmllar developmental patterns have been

found in Alberta rivers by Zelt (1970), Hamllton (1979) and

Barton (1980) Hartland—Rowe (1964) studled'the llfe hlstory .

ht

_of E. 1nermls 1n a sprlng-fed foothllls stream and found

emergence occurrlng several weeks later

Baetls trlcaudatus was characterised by three peaks of

e



'Figdre 7.

Drift dengity of E.vinermis (upper) and §u tricaudatus

(lower) larvae in slow and fast water. U and L
indicate samples of upper and lower portions of

water column. Histograms within each group rep- -

resent drift density calculated over 8-h intervals;

left, 1300-2100 h; centre, 2100-0500 h; right,

0500-1300 h.
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- ‘
Figure 8. Drift density of E. inermis (broken-line) and B.

tricaudatus (solid line) larvae in nearshore net,

June 5-6 1978. Horizontal bar represents darkness.
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generatlons in- two years (Flg 9a) ' Two of the cohorts,bwhlch

- abundance CNovember ~Ad§ust‘ late June) followed by two maJOr

(May, late August/early September) and a mlnor (July) perlod,

: of emergence. ThlS specles may be trlvoltlne in the Pemblna S

"'Rlver, HOWever, the»appearance of young larvae concurrently,r

N
“ -0

w1th adult emergence 1n sprlng 1978 and- autumn of both years

o

L brlngs thls 1nterpretatlon 1nto questlon. Murphy (1922) found

that B trlcaudatus' eggs 1n a New Yprk stream requiced 28" days

to hatch durlng May In the laboratory, eclos1on occurred in -
\1 § i_

11 days.; -"hfj ’,'l uii,dofii j,:t K

It 1s equally pOSS1ble that the llfe olstory pattern o=

'?B trlcaudatus is® S1mllar to that found by M,rphy (1924)

Murphy reported that the New York populatlon completed three 5

S

hatched 1n autumn,,requlred 9 months to develop from egg to

adult, whereas eggs lald in the sprlng requlred only 6 months.,

Cllfford et al (1973) ha¥e observed that mayfly spe01es tend

1

more towards summer llfe cycles Fn subarctlc reglons than 1n

more temperate areas. They reported W1nter dormancy of B

2

trlcaudatus eggs ln "3 Alberta streams. It is: thus p0581ble

]

that eggs lald 1n autumn, Wthh would normally hatch in ﬁ

n

November 1n more southern localltles.ioverw1nter as eggs 1nf‘

X L
the Pemblna Rlver (Flg 9b) v Larvae that appeareln June grow_

rapldly to\emerge through July.. The offsprlng of thls cohort:’{'t

i .

mlght not hatch untll autumn, and then overw1nter as larvae.._awf
o ,
.‘g&i‘;

The long WLnter and rapld warmlng of wgwer an Sprlng would tend »;g"”

to produce a relatlvely synchronlzed emergence of adults once

condltlons became favourable. Eggs of thls w1nter cohort would
. : ] ; l



“Figure:9;

Develbpmentvof B. trlcaudatus in Ithaca, N.f,

‘ (after Murphy 1922) ;T‘

nPoss1b1e developmental pattern of B trlcaudatus‘f

»fln Pemblna River. Stlppled areas represent eggs,‘

'solld sectlons represent 1arvae, arrows denote

.ffadult emergence and ov1p081t10n






E 'trlcaudétus ‘as blvoltlne (Robertson 1967, Cllfford I

then hatch in*July tovproduce‘another fairly strongly'synchronized
emergence perlod in late August/early September »
Nelther theftrlvoltlne nor the alternatlve 1nterpretat10n o

of B trlcaudatus llfe hlstory in the Pemblna Rlver is: cons1stent

-with the. egg development tlmes glven by Murphy (1922) If B..

'trlcaudatus is trlvoltlne, then I would estlmate that eggs‘

I R

':would have,t crgln less than 5~ 7 days durlng the summer, .

"whereas the altern“tlve 1nterpretat10n would requlre egg de?
rjvelopmenttlmes of approx1mately 35 days.f Controlled studles
of egg and larval development will be requlred before the llfe l

'_hlstory of thls spe01es can be properly evaluated._

i Se%eral workers have descrlbed the llfe hlstory of B

)
s ot
.,

:Zelt 1970 Hamllton 1979), but all had examlned materlal collected,g‘

cat 3 to 4 week 1ntervals from qualltatlve benthlc samples.

"Although thelr data were not pre01se enough to permlt them to
‘ p ,

dlstlngulsh the rapldly developlng summer cohort larvae from S

‘the other two, thelr data are cons1stent w1th those from the
Pemblna Rlver.u f | ,
Mlcrodlstrlbutlon of both spec1es reflected the dlfferent
) flow cgndltlons durlng ‘the 2 years of the study In 1978, ar
'_year of frequent heavy floodlng durlng early summer, anlmalsv'&
.were equally abundant at all transects. Larvae were much lessJ

numerous near shore the follow1ng year, when flow condltlons -

were. more stable : B. trlcaudatus larvae are most commonly

””‘found ‘in- fast water areas (Mlnshall and Mlnshall 1977 Rabenl

f_and Mlnshall 1977, Corkum and Polntlng 1979, Morlhara and

39



.v__desertlon of the slow water mlcrohabltat by organlsms already

McCafferty 1979) HoWever, Lehmkuhl and’Anderson (1972) observed_'vk

'that heavy winter floodlng in an Oregon stream caused the

'drlftlng of B trlcaudatus larvae from rlffle areas to back-
waters. The return of stable flow in the sprlng resulted in

a movement of anlmals back to rlffles

Mlcrohabltat preferences of E inermis Were not as ‘distinct

‘as for B trlcaudatus larvae | In 1979, most E. 1nerm1s

::larvae were found in fast water along the remote transect
Li_Yet as’ the summer progressed the number of anlmals in fast‘
hwater,decreased, whereas abundance near the shore remalnedb
pconstant Thus, the relatlve proportlon of anlmals 1n slow
‘.water near shore 1ncreased through the summer. ThlS mlcro-
,.gdlstrlbutlonal pattern was malntalned desplte the much greater
B nocturnal drlftgden51tles,observed:rn_thepnearshore area.‘ Hall
"et'al‘t(198051reported a similar’acoumulation of‘larvae{of

/'rTrlcorythodes atratus MCDQ as a result of.. drlft 1nto pools

“from rlffle areas in the MlSSlSSlppl Rlver Nevertheless,‘

‘1t 1s unclear whether the 1ncreased magnltude of drlft in the',3

’shoreward area reflects 1mm1gratlon of 1nd1V1duals from '

faster portlons of the rlver, or whether 1t represents the E

Tthere.‘ Bird and Hynes (1981) have also observed greater drlft,

ldeSpe01ally by Baetls SpD- » occurrlng at the margln of a stream \‘
vthan in the centre._ They attrlbuted thls to anlmals actlvely i
'cleav1ng the slow water areas | Other authors have also reported
'vlncreased drlft 1n response to slow or decllnlng water levels
1_(see’rev1ews_1n'Armltage 1977 and Walton 1980a). |

L RN N : ,

TR TN
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In-autumn, E.'inermisblarvae were,concentrated‘ln'the élOW\
water:areas near shoret Later in the season; however,.animals
appeared tg move towards the rlver .centre. The adaptive sign~
1flcance of thls seems clear, s1nce in w1nter ice .on the Pemblna

lever reaches a thlckness of 60 cm, and only centre portlons
vfof the rlver malntaln a flow of water.A Ulfstrand (1968)

postulated a: s1m11ar phenomenon to account for sudden changes

'_of abundance of Ephemerella aur1v11111 Bgtn in a north Swedish :

rlver : r.__ ’ o g ' ~.-b T_ o 'T N
ThlS movement of larvae is probably accompllshed by
'vlnd1v1dua1s crawllng over or. through the substrate rather than.
,by drlft ‘Few spe01es drlft abundantly during autumn (Waters »
1972 Clborowskl 1979) even though benthlc denS1t1es of many
'rspe01es are: max1mal at this time (Hynes 1970) Drlft den81t1es
of E. 1nermls larvae in’ October 1n the Pemblna Rlver are much

,lower than at the end of May (Chapter 4) Mlnshall and
"Mlnshall (1977) found that E. 1nerm1s larvae preferred areas y
of low current ve1001ty in Mlnk Creek Idaho,‘a stream Wthh
apparently does” not become ice- covered 1n W1nter. ~The1r data,,

'isuggest that the response\to current ve1001ty was weaker 1n
vfMarch than 1n February. Rabenl and Mlnshall (1977) found E
’Teslnermls larvae to have no preference for any current ve1001ty
“in Mink Creek. They dld not report the tlme of year at Wthh“
- thelr study was conducted J '

o There appeared to be no clear cut as5001atlons between S

'abundance of elther spe01es and concentratlons of organlc

'materlal or benthlc den81t1es of other 1nvertebrates, except

'1.

41



‘within, regions of'simildf current velocity. Nelther Mlnshall
~and Mlnshall (1977) neor Raben1 and Mlnshall (1977) found a
5"d1rect relatlonshlp between detrltus accumulatlons and benthlc

dens1t1es of'elther E inermis or B. trlcaudatus larvae Amount

of FPOM was the poorest predlctlve 1ndependent varlable for _
‘ regress1ons'grouped_by repllcate. Hamllton (1979) reported

“that thiseorganic°fraction madefup the greatest volume of%gutb

.,contents of'both g.‘;ggimigjand gﬁ tricaudatus larvae'in three
:.Alberta rivers. Ifithese species rely on the same food source
.in the ?embina‘River, then elther FPOM is suff1c1ently . o
:abundant that it is not a factor 1mportant in controlllng theA

: mlcrodlstrlbutlon of these anlmals oL, the larvae are so actlve
in the substrate that thelr dlstrlbutlon at the tlme of .

'collectlon does not reflect thelr feedlng 81te

Corkum et al (1977) observed that B trlcaudatus larvae
preferred organlc to 1norganlc substrates 1n laboratory |

experiments. ThlS may. account for the p081t1ve assoclatlon

of both species w1th the CPOM fractlon._ Alternatlvely. the .

'~-.ass001at10ns of both spec1es w1th all three 1ndependent var-

lables may s1mply 1ndlcate that more habltable areas. (1nterst1ces)

"are present w1th1n the substrate at some- sampllng p01nts than'
Tat others. .InterstlcesQact as. traps for detrltus and as |

i rrefuges from the current'for all 1nvertebrates (Rabenl and :

Minshall 1977). The substrate of the Pemblna Rlver cons1ststh

’of smooth cobbles embec in coarse sand. Sultable refuges

‘]may therefere be at a prenlum. "Regardless of the relatlonshlps,

,between the two mayfly spe01es and the. three 1ndependent varlables,"

[
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. the measuremeht of either detritus concentrations or density

!

. of other benthos prOvides a means of statistically reducing

1ntersample varlablllty

Both E. inermis and B. trlcaudatus larvae are vagrant

Kspe01es capable of rapld colonlzatlon of newly avallable substrates

(Gore, 1979, Shaw and Mlnshall 1980) Thus, their. reSponse to

the varylng phy81cal characterlstlcs of a. rlver or to 1nternally

‘controlled changes 1n habltat preference is to be expected

The mlcrodlstrlbutlon of both spe01es appears to depend largely

on the constancy'of prevalllng phy51cal condltlons in the

le Pembina River. - early summer,,durlng perlods of ‘stable flow,

\

—

both species predomlnate in faster waterf. Although B. trlcaudatus

larvae‘maintain their position in these fast Water areas

‘throughout thelr development E. ‘1nerm1s larvae may drlft to:

slower water as they reach maturlty Newly hatched larvae of

E.'lnermns are” most abundant near shore but travel to deeper

a"

and faster Water in late autumn. Flood can»produceva-rapld

,relocatlon of 1nd1v1duals of both spe01es, probably by 1nduc1ng

anlmalS‘to drlft. ThlS results 1n a more even dlstrlbutlon of

Hanlmals across the ‘river. The distribution of both spe01es

“w1th1n reglons of s1m11ar current ve1001ty at any glven tlme'

L

is ass001ated wlthvareas,of.hlgh detrltal concentratlons,'

"eSpecially'the'coarse fractions. The microdiStributiOn_of

either'speCies’clearly depends upon-reSponseS'of animals to-

the 1nteractlon of a number of bldﬁﬂc and ablotlc factors

(Raben1 and Mlnshall 1977) but the prlmary controlllng factor

appears -to be the flow reglme of the Pemblna Rlver.



' CHAPTER 2

INFLUENCE OF CURRENT VELOCITY DENSITY AND DETRITUS ..
ON DEPARTURE FROM THE SUBSTRATE OF TWO |
MAYFLY SPECI ES (EPHEMER OP TERA )

A



r_Introduction'

'The microdistribution.of lotic aquatic’invertebrates~is
largely controlled;by current velocity (Phillipson 1956,
Edington 1965, Madsen 1969, Minshall and Minshall 1977, Rabenl
and Minshall 1977), substrate comp081tion (Ulfstrand 1967 2
f‘Cummlns and Lauff 1969 Hi%%er 1975 Hiidrew and Townsend
1977, Williams 1978, Barton 1980) and food availability
(Egglishaw 1964,‘Mackay 1969,~H11drew andrTownsend:l976,ﬁ“

‘ Peckarsky 1980a). Drift provides an effectiwe_means_of
removing animals from'microhabitats in which'one‘or_nore'of-

‘ these factors becomes unfavourable (Corkum et . al 1977;,Walton
et al. 1977, Corkum and Clifford 1980) Current veloc1ty is .
.of major 1mportance because it controls the distribution of k
._substrate and food as well as exerting a direct 1nfluence on :
benthic 1nvertebrates |

Other workers have postulated that drift of agquatic. .
,invertebrates also reflects intraspe01f1c competition for
' spaoe.(see reviews in Waters 1972, Hildebrand 1974). High
,‘benthic densities of animals”may,increase‘the freQuency‘ofb'i
| interactiQFskbetween individuals ~This oan stimulate benthiey

'act1v1ty and result in either a greater probability of a001dental
N dislodgement (Elllott 1967a McLay 1968), or the active desertion
of the.microhabitat (Walton et al. 1977, Hildrew and Townsend
1980). Dens1ty dependent drift occurs when animals are

' abundant enough to exceed the carrying capa01ty of the.f

microhabitat. In'some,rivers,—however, physical perturbations -

ks



d'(e.g; floods)‘and predation may maintain populat{on%densities
below this'level,\with the result that drift is density-
independent at'most‘timesl(Bishop andnHynes 1969a).

‘Thfs study was undertaken to examine the relative
1mportance of current veloc1ty, benthlc den81ty ahd agund-'

ance of detritus on departure tenden01es of E inermis and

12 trlcaudatus larvae. More spe01flcally, I attempted to
7determ1ne.whether: (1) larvae exhibit dens1ty dependent

- drift at benthic dens1t1es‘typ1cal of the Pembina Rlver;

'(é).preSence of ‘an organic substratea(detritus) modifies’

the amount of space available to animals in thé%substrate;“

-_(3) these 1nfluences are of greater 1mportance in controlling
departure rates- of organlsms than is current ve1001ty

Departure of anlmals from the substrate was monrtored ;n

Vlaboratory streams at various benthic densities under

"‘condltlons in Whlch the 1norganlc substrate was augmented

with controlled amounts of detritus« Addltlonal experlments
'were performed to estlmate the influence of current ve1001ty
on departure. The response of dead animals to current |
fve1001ty was also examlned to dlscern to what extent
departure is the result of acc1dental phys1eayyﬁlslodgement .

;  of animals. . o : , \\‘

Methods I

o)

T P
g G
[T

' Laboratory Streams
Experiments‘were conducted in May (spring) and Octobertl

o

L6



(autumn) 1979. They werehperforhed in three elliptical,
recirculatihg artificial streamsa(channel width 11 cm, water
depth 13 cm; Fig. }10).r Water in each stream was. propelled

by a motor- drlven paddlewheel | Current ve1001ty was regh
ulated by varylng the size of the pulleys that coupled the «
paddlewheel with the‘motcr."The streams were housed within

a controlled—environment room;‘the temperafure being maintained

P .
at prevailing Pembina River temperatures (Chapter 1).

Experimehtal‘Deeign i
| ,iTwo series'of exPeriments were conducted in each
season. The first series tested the'inflhenceof‘benthic
animal density and amount of detr’ ‘.5 in the substrate on

departure of E.'inermis and B. tr.cuaudatus larvae. A

-3 (density) by;P(defritus) level factorial stratifggﬁ?;andom
design‘was used,-incorporating 3 replicates of each:freat:
ment. Lévele correspohded to %X 1X or 3X maximum recorded
'abundance 1n sprlng 1978 bottom samples. The fourth detritus'
category was no detrltus present (Table L).

The second serles of experlments examined the effect

e

of current ve1001ty on departure of larvae from the sub-
‘strate. Three repllcates were conducted for each of 5 meah
current ve1001t1es, representlng the range of current found
-in the Pembina Rlver up to a dlstance of 12 m from shore
_dur;ng»non—flood flow conditions. Trlals‘wlth llveuahlmals

were all.condUctedrwith BX levels of'density and detritus.

Treatments were the laboratory‘equivalents of 17LO, 24,7,
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31 2, 40 8 and 51 4 cm s -1 -mean velocltv ' _ |
Laboratory\equlvalents to mean ve1001ty in the Pemblna
Rlver were . estlmated by taklng a series of field current
. veloc1ty readlngs W1th a Gurly current meter. “Mean veloc1ty
was determlned by taklng a measurement at 0. 6X stream depth
Elght p01nts were: selected at 1ncrea81ng dlstances from
shore. Mean current ve1001ty and ve1001ty 5 2 cm above
4'7 the substrate (equlvalent to. 0. 66X labonatory stream depth)

were measured at each p01nt The relatlonshlp between the

.50

two measurements was determlned by llnear regres51on (Flg li){;

Preserved anlmals from earller experlments were used
to determlne the effect of current veloc1ty on. loss from S
the substrate of dead organlsms. In these trlals, 80

N

| E 1nerm1s, 80 B trlcaudatus sprlng) and 80 B trlcaudatus'

(autumn) larvae were' used Baetls trlcaudatus larvae were,

dlstlnguished by S1ze and maturlty Those from sprlng ’

trlals had well develOped w1ng pads and head w1dths > O 7
'ﬂmm.' Larvae from autumn experlments had poorly developed
f_W1ng pads and head W1dths of O 4 - 0. 6 mm These larvae

had been preserved 1n Kahle s fluld after use 1n orlélnal

| experlments They were malntalned in dechlorlnated tap

'silwatqr for 1 h prior to use.

IR
[

Several workers. have 1nd1cated that 1nvertebrate .
predators 1nfluence drlft of mayfly larvae (Corkum and

P01nt1ng 1979, Corkum and Cllfford 1980 Peckarsky 1980b

s
. Walton 1980b) Slnce predators are ublqultous in’ the L

o

Pemblna Rlver, they were used 1n all trlals except those

i3
@
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Figure L1.

o 1n Pemblna Rlver Regre881on equatlon takes the |
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Relatlonshlp between current ve1001ty 5. 2 cm : f”;

" above substrate (X) and mean current veloc;tv (Y)
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concerned W1th dead. anlmals, to more: closely approx1mate fleld

_condltlons. Isogen01des elongatus (Hagen) 1s the domlnant predator

1n the Pemblna Rlver and was - added to laboratory streams in

_ den81t1es that approx1mated average abundance of all predators
Cy ;

a

“in the fleld (Table 4) |

| | - Larvae of E. 1nermls were not used 1n autumn trlals,,
as thelr small size and’ cryptlc hablts made them dlfflcult

.to collect in suffncxent numbers.‘ Experlmental dens1t1es :

_eof B. trlcaudatus larvae in autumn were doubled over sprlng

blevels to reflect thelr greater abundance at that tlme 1n \

*the'fleld, o

xExecutlon of Experlments
Eetrltus for all. experlments was collected from
theaPemblna Rlver. sorted to remove all anlmals >13mm

" -in length, a1r drled %?d welghed Partlcles ranged 1n 31ze

4

from O 420 mm to. 3. 36+ rm . The requlred amount of detrltus

Y

Gt

rﬂfor each“trlal was reconst ?@&ed 1n dlstllled water for ff

]1

vzh h prlor to use. Thls prov;ded only mlnlmal tlme for

bacterlal and fungal growth to occur. Anlmals were hand-~
: Q.

_collected from the rlver and malntalned 1n aerated water

in enamelled tra s untll requlred

Detrltus ‘was placed in: two adgacent 11 X 30 cm f B f_“l f

.‘trays set 1n a ‘ry laboratory stream and covered w1th

scrubbed substr te from the Pemblna Rlver.~ Predators were'“ B f

~then.1ntroduce;n The stream was fllled w1th refrlgerated\—a

dechlorinated» ap;water,,wlth the paddlehweel'runnlng, and

. Y . P ; . . A R
o . Ce ' A



_ _larvae, a drlft net was placed in each stream. A remoVable .

left for 1 hour. The approprlate number of mayfly larvae

was then poured into the stream _ All larvae eventually

A'»settled on the substrate instead of on bare portlons of

»the~streamr Two hours after 1ntroduct10n of the: mayfly

“catchment Jar on each net was replaced at 30 mlnute 1ntervals

o

.for the next 4 hours. 'The Jarsuwere not subsequently changed -

ntll the end of the llght period. of the experlment

(spr1ng,y8 h; autumn, 5 h) The llghts were - then turned

‘ off and the catchment jars changed at 30 mlnute 1ntervals

7for the duratlon of the experlment (sprlng, 8 h autumn lO h)

\
At the conclu81on of each experlment trays contalnlng

>substrate, detrltus, predators and all remalnlng mayflles o

, were removed The streams were dralned and drled prlor‘

‘;.beglnnlng of that perrod ' Installment of drlft nets produced

’,;to the beglnnlng of the next trlal

. wResults -
The proportlon of anlmals leav1ng the substrate durlng

llght and dark reSpectlvely, was determlned by d1v1d1ng

‘=the number of - animals caught’ 1n drlft nets durlng relevent

tportlons of each expenlment by the number present at the

*w

notlceable amodht of dlsturbance and resulted ‘in hlgh

1n1t1al departure rates. For thls reason, the flrst 3 h of 1

"each trlal ‘were not con81dered in the analyses All data f’l

. L“/

were. transformed by taklng the arcs1ne of square roots of

53



proportlons

The relatlonshlp between proportlon of anlmals leaV1ng:

/ e

the substrate and benthlc den81ty was tested by llnear
regress1on analy81s.. Separate regress1on lines. were fltted
'for each level of detrltus. Analys1s of covarlance was ¢ -
- then used to test for homogenelty of . the regre581on coefflclents.
. Proportlons of anlmals departlng under dlfferent detrltus'j
treatments were compared by 1—way analy51s df varlance .7 SE "t\
| Curv111near regress1on analy81s was used to estlmate
rﬁ @ e relatlonshlp between proportlon of anlmals departlng
% and current ve1001ty Increas1ngly hlgher order po;ynomlals".
were fltted to 1r -ﬁdata untll no S1gn1flcant 1mprovement
i-ln fit (p:»O 05) was observed | : . —
| ngh 1n1t1al departure rates of both llve and dead
v;lnsects were characterlstlc of" all trlals. In all cases,d
departur; stablllzed w1th1n 3 h and remalned falrly constant
for the duratlon of the llght perlod (Flg. 12)é' With the
vonset of darkness, departure of 11ve anlmals 1ncreased

“ Q{)

' ‘substantlally."g; trlcaudatus larvae showed a more pronounced

o nocturnal response 1n sprlng than 1n autumn trlals. Departure

4

of llve anlmals was con81stently greater than eros1on of

e dead 1nsects. The total proportlons of B trlcaudatus

7larvae leaV1ng the substrate,'exclu81ve of the 1n1t1al o 5-v

”portlon of experlments, were O 77 and 0.61 1n sprlng and
' .nautumn, respectlvely.; By contrast, only 0. 08 and. 0. O? of
L the’ dead anlmals were “washed away. The proportlons of E.

r

e 1nermls larvae leav1ng the substrate were 0. 88 (11ve) and -
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O.Qé»(dead).
. 0of the 204 regressionsiperformed to test for density
_f@%?pendence (Table 5, only one produced a regression coefficientv
s1gn1flcantly dlfferent from zero (p<oO. 05) I interpret
- this s1ngle value as. a type.I error, Thus, the proportlon
of anlmals departlng from the substrate waS\lndependent of
'benthlc dens1ty for: both spe01es under all levels of-
detritus in l}ght and in darkness (Fig. 13 and 14)f Analys1s )
of covarianc% indicated.thatrthere.was;no‘significant
" heterogeneity of regression coefficients\(p>-0 05, Table
;d6), therefore, the 1nteractlon of detrltus and benthlc
1 pdensity did not 1nf1uence departure rateSx There was no
s1gn1f1cant 1nfluence of amount of detrltus on the tendency

for anlmals %o leave the" substrate (p>>0 05, Table 7; Fig. 15).

In Sprlng, departure of both B trlcaudatus and E.

iné mis larvae was a p081t1ve llnear functlon of current

'veloc1ty (Flg 16) but only durlng llght portlons of - “the

uexperlments.. Durlng darkness, the proportlon of B trlcaudatus
larvae leav1ng the substrate was 1nversely.related to
current ve1001ty Departure of E. inermis larvae was

\ e
mlnlmal at a current veIOC1ty of 25 cm s 1andgreater at

‘both hlgher and lower ve1001t1es.‘ A-thlrd;order polynomial- \'
k- prov1ded the best flt to- data for E inermis larvae in o

darkness« (T,%b‘l-e 8) . Departure of B. tricaudatus larvae

’ -‘.wi oy ¥

1u1n autumn Was 1ndependent of current velocity.

: {” Dead_anlmals of all three types were erod, L S
s

substrate 1n much lOWer proportlons than were

o
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Mean proportlon and 95 percent C.I. of B.
tricaudatus (upper) and E. inermis (lower) larvae
departing from substrate as a function of detritus
concentration in spring (left) and autumn (right)
experiments. Solid intervals represent light

portion of trials, broken 1ntervals represent dark
portlonlv’ ‘
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* Figure 1€. Proportion of live (left) and dead (rlght)
FR - larvae departing from substrate as a° functlon .
. of mean current veloc1ty. Top, L. inermi
(spring); centre, B. tricaudatus (spring
bottom, B. tricaudatus (autumn). Open
" points and broken lines represent light
portion of experiments. Solid points and@
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counterparts at all current ve1001t1es.‘ Posltive‘lineart
relatfonshlps were found between current ve1001ty and’ de—

' partureoflarvae of both spe01es from Spring’ experlments,
but only durlng 11ght perlods (Table 8) ﬁeparture of
dead 1nsects durlng darkness was 1ndependent of current
veloclty in all-cases.*

;l)"‘-‘ ‘ PR

Dl ecussion ek ip
_DlscuSslon_._sﬁﬁ

Dens1ty dependent drlft responses occur when the

number of anlmals present 1n the substrate exceeds the_

space avallable (Waters 1972 Walton ‘et al 1977 Walton» | [ N

1978 Gyselman 1980) Interactlons between 1nd1V1duals

n

'" at sub saturatlon den81t1es may produce short dlstance

: sdds@lacement of anlmals but seldom resu&t in drlft (Corkum

. 3
and Kohler 1981%" Although lé%oratory dens1t1es

fi@f?'sa wlrey .

':of anlmals con81derably exceeded benthlc abundance of anlmals

'_1n the fleld (Chapter 1), departure of. E 1nermls and

””1 B trlcaudatus 1arvae was den81ty 1ndependent ‘ Thus,,f:_'>‘

PN

-

departureﬁof these organlsms 1nathe Pemblna Rlver 1s unllkely

to ‘be the result of‘competltloﬁefor space.‘*k

Increa81ng substrate complex1ty has been shown to :

: 'reduce aggress1ve 1ntraspe01flc 1nteractlons between lotlc~

g
1nvertebrates (Glass and BovbJerg 1969) 1 had antlclpategr‘

' that should 1nteractlons between larvae be responsublapgor
1ncreased departure rates of anlmals at hlgh ggnS1t1es,‘@&l'

the addltlon of detrltus mlght modlfy thls response
o Ry

u‘@ ‘»Y' B
g .

o
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o However,

' n my experlments may 1ndlcate that relatlvely sterl e

: detrltus does not constltute an attractlve source

L

s1nce all drlft responses were den81ty 1ndependent
is to be expected
Aquatlc 1nvertebrates deprlved of an adequate food

”supply usually exhlblt a dens1ty 1ndependent 1ncrease in’

departure rate (Hlldebrand 1974, Keller 1976, Bonle 1978).

'The lack of any departure response to detrltus concentratlon

9t

nutrlents to E. 1nerm1s or B trlcaudatus larvae.~ As’such,-i .

[ v
departure rates 1n my experlments should be regarded as

’ max1mal rather than typldal of the fleld 81tuat10n.pjf

Behav1oural drlft refers to those anlmals that have

become suspended in the water column as a result of some

‘Lchange 1n-the1r internal state (Waters 1972) Behav1oural

drlft may be actlve, the: result of anlmals relea81ng them— ;

1 selves from the substrate, or pass1ve, whereby act1v1ty
: 9

“or p031t10nlng renders 1nd1v1duals espec1ally susceptrble

to a001dental dlslodgement The magnltude of the behav1oural
component of drlft should be ev1dent as the dlfference :

between transport of llve anlmals, whlch are capable of

-

_re81stlng the erodlng 1nfluence of the current and dead‘

. A
‘anlmals, whrch are depos1ted and %hen eroded from the i

substrate as 1f they were 1nert partlcles 'h. f} o .

;the llght portlon of experlments suggests that transport 1s o

' The pos1t1ve llnear relatlonsﬁlp between current

e

~,:ve1001ty and departure of both llve and dead anlmals durlng

r"

D ey
! {\ IS A

)
4..3\

i
|

h the lack of a significant dens1ty detrltus 1nteractlon effect

66



'larvae 1nhab1t all surfaces of substrate partlcles, and

'51nfluenced by current ve1001ty ThlS may reflect a lower ¢

‘floverall level of act1v1ty by these anlmals as well as a‘

it

67

passive-at thisitime. lee anlmals may have been more

prone to transport than dead ones because they selected

1

vexposed areas of substrate rather than lodglng in 1nter-

stlces - Corkum et al» (19?7) reported that B. trlcaudatus

. are not restrlcted to the relatlvely sheltered unders1des

Movements of the anlmals over: the substrate may also

fcontrlbute substantlally to the 1ncreased frequency of

eros1on ofvllve-lnsects (Butz 1973) espeolally at hlgh

G Y

_current ve1001t1es.

Noﬁ@:\dal departure rates of llve anlmals In sprlng

o

['were gréa) stvln trlals of low rather than hlgh current

1.

j‘velocit'. ThlS suggests an added actlve behav1oural

1nc1dence of nocturnal drlft from areas of reduced

/ ;tcurrent has been commonly observed (see Wﬁlton l980a)

Corkum et al (1977) found that B trlcaudatus larvae

- were much more prone to leave substrates in slow water'
’";than 1n fast water under both llght and dark condltlons.

v;The departure of dead anlmals 1n the dark was 1ndependent

3

‘.of current ve1001ty, presumably because most anlmals that vf
;lodged in the most exposed areas ‘in hlgh current veloc1ty

‘trlals were qulckly washed away early 1n those experlments.-

Departure of B trlcaudatus larvae 1n autumn experlments

“

© . was reduced in comparlson to sprlng trlals and Was not»»

H . o _0’1 ‘ o




«iithe factors

- R

';broader tolerance for reduced currents. Fleld data (Chapter

1) 1ndlcated that B. trlcaudatus larvae were strongly

concentrated in fast water areas in spring, whereas

dlstrlbutlon was more even with respect to current ve1001ty

o

in early autumn

»

Clearl', the marked dlfference 1n departure tenden01es

between liv"and dead anlmals of both spe01es reflects a

“15major behavioural- compo% ent of thelr»drlft However, of

1nvest1gated in. thls study, only current Xe1001ty

‘fexerted a s'gnlflcant modlfylng 1nfluence. Pass1ve behaV1oural

’1departWre p oduces an 1mportant contrlbutlon to the drlft

"P ,\

durlng daylt'ht but 1t 1s the actlve nooturn@l component

that is 1nd1‘at1ve of the fleld dlstrlbutlon of the 1arvae.?, 
’ '~‘\1 1 . . - .

o




| CHAPTER 3

DOWNSTREAM AND LATERAL TRANQPORT OF DRIF'I‘ING LARVAE L

OF TWO MAYFLY (EPHEMER PTER%AQQPECIES
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Introduction

All'iotic aquatic invertebretes’occasionallfvbecome
dlslodged from the substrate- and transported downstream.
The rate at which they return to the stream bottom depends
en the 81ze and shape of the anlmals (McLay 1970 McKona e

. & .
1975) as well a’?i? the current velocity (Elliott 1971a) @ o

_Behavloural actions result in rapid settllng rates'for
Lcertaln spe01es (Elllott 1971a). espec1ally those frequently;
appearlng 1n the drlft tCrporowskl and Corkum 1980) “

Most studles\of settllng behaviour have been concerned
with the ‘distance anlma%s are carrled downstream; but

.lateral tranSport of suspended anlmals may also be 1mportant

vln determlnlng thelr subsequent ben

k«

Ulfstrand%él968) postulated that cro f

ic mlcrodlstrlbutlon

-river movements of
animals could produce rapld changes in mlcrodlstrlbutlon of
wbenthlc populatlons. Lehmkuhl and Anderson (1972) reported

trat animals prone to drlft are’ carrledsfrom rlffles to backvww

T

oA
Fra
et

waters at the stream margln durlng flood HOWever, there
g is no experlmental work that evaluates the degree of 1ateral
‘movement exhlblted by anlmals released 1nto the water column

I conducted experlments to determlne settllrﬂ rates.

BN downstream movement and lateral transport of the mayflles

Ephemerella 1nermls and Baetls trlcaudatus in the Pemblna

’baRlver.b To determlne the extent to Wthh the anlmals are -
%,capable of controlllng—thelr return to the substrate,_I':

'worked w1th both llve and dead anlmals. B o df L -



_ Methods

Experimentsvwere‘carnied out during the last 2 weeks
of May (sprlng) and the first 2 weeks of October (autumn)
1979, at a study 81te on the Pemblna Rlver (Chapter 1).

The s1te was: mapped W1th reSpect to depth and mean current

2

N ve1001ty prlor to experlments each season. A base line -

 was established along the river margln- Eleven transeCtS'
3 apart were set up at rlght angles to. the base Lline.

1 recorded mean current ve1001ty and water depth at 1- m N

1ncrements along each transect to a dlstance of at least

12 m from the tase line. Llnear regr6881on was then used

“to estlmate the relatlonshlp between dlstance from shore

and mean current ve1001ty for each season.

Twelve large drift nets were constructed to sample

vsuspended~an1mals They had a mouth openlng of 1.0 x.0. 5
m and were 2m Lo, Nettlng was composed of polyester

‘sheer drapery mal rlal w1th a pore size of 0. 211 mm. ‘- The.

nets tapered to a round openlng (8 cm dlameter) into Wthh

| were sewn Jar lldS w1th centres removed. These permltted

&

mrapld attachment and removal of catchment contalners (236
- . ml jars W1th bottoms removed and replaced w1th'nett1ng)
'Nets were anchored by means of alumlnum rods drlven 1nto .

_the substrate to sample a. column of . water 1m w1de and up

to 0. 5 m deep ¥ f‘ ) Tk' , ‘,1f§_ q'f“” - '{Q

The twelve nets were placed contlguously in the river,

mouth upstream, in a row extendlng at a rlght angle to the

o

71



72
base line. Settllng rates were determlned for anlmals at
each of 5 llnes established parallel to the base line
upstream of the nets, at dlstances of 2, U4, 6 8, and 10 m.

from shore. Five wooden stakes were driven 1nto the sub— s

strate‘along each line to serve as introduction points

for the 1nsects (Frontispiece) Positioning of the Stakes

‘varied w1th the line (Table 9)

Insects were hand- collected from the rlver and

+

i malntalned 1n finger bowls contalnlng rlver vater untll
requlred. Those de51gnated for dead animal trlals were Q&}w.”

74&preserved in Kahle' s fluid to,which was added lignin plnk

J

7 (a v1talllne dye) . These insects were transferred to flnger

bowls contalnlng r1Ver water 30 mlnutes before they were used
A trlal cons1sted of releaS1ng 50'llve and-50 dead

anlmals of each spe01es into the water Just above the” stream—

: =
-bedrat a. s1ngle stake. Anlmals were released by - pla01ng

' them in a 118 mlﬁgar contalnlng rlver water.-lmmerslng the.‘
jar, and remov1ng the lld.‘ Ne+s were_submersed for two. V
mlnutes from the tlme of 1ntroduct10n of.rhe animals. This
was Judged adequate to ensure oapture of uuspendedwanimals
at the slowest current,’yet mlnlmlzed‘lnclusion of suspended

detritus and extraneouS'drifting"animalst Thelcontents of
each net.were placed in separate enamelled<trays.and all
approprlate anlmals were removed by hand and counted. |

d Only large anlmals were’ used in experlments (head W1dths
> 0. ?nmxln in sprlng, 0. 4 0 6 mm 1n autumn, as determlned

/ iy
/

/’ N
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74

by later measurements in the laboratory) . Ephemerella
- inermis larvae were not used;in'autumn EXperiments because
their small size and cryptic habits made . them difficult
to collect at this time. K |

To estimate the- number of extraneous animals caught
during experiments,‘the‘nets were used to sampfe drift
‘at 1800, 2400, 0900 and 1200 h on May 28-29 and 0ctober f—8
1979, Nets were’ submersed for from 2-5 mlnuteewln sprlng
and from 15-25 minutes in autunn.z The shorter submersion
‘period .gf nets inideebesi\iegions’was used'to ensure that
they would not become clogged\W1th suspended detrltus.

Net contents were preserved in Kahle s fluid and

sorted in the laboratory.. Heg hs Qf E.'inermis and
‘B. trieaudatus lafvae were det d with an ocular micro-

meter under a'diséé%ting'microséope]at LOX magnification

to the nearest O. OZb.mm. The estimated*ﬁean number.ofss
approprlately s1zed animals caught per 2 mlnutes 1n day-
tlme drlft samples in edch net was used ‘as a correctlon

factor for settllng tr1a181 c » o . N\
. . \\\

‘Results | A

4 Current Ve1001ty Profile X
Mean current ve1001ty was a llnear functlon of dlstance

from the r_ver margin durlng'botn seasons (Fxg,_l? and 18).

In autumn, hoWever, meanfeurrené veiocity'abpeafed to beconme

constant at distances from shore greater than 8 m. Anaiysis

&
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. . «

of variance of data p01nt eight and more meters from
shore 1nd1cated no «ignificant increase in current velocity
roccurned past this boint‘(n>>0.05): Lineap‘regression of
all dgta points in spring and of data ror the 8 m nearest’
':shore in autumn removed 0.77 and O.84 of the variation,

respectively.

Relétionship Between Settling Rate and Mean Current Velooity
B !

Instantaneous settllng rates of llve and dead. anlmals

f each SPeCleS for each line were determlned by the _ ‘_:;\mf

‘ method of McLay (1970) The relatlonshlp between number
of animals suspended in the’ water coluqn (n ) and . down-'

'stream dlstance (x) between p01nt of release and the- nets'tﬁ
| —_— . J

is . _ : R .

. rx | . ey
n, =nge - _f(l)

/o~

e

where n, is the number of animals released and T s the -
instantaneous settling rate. A value of r was~e§Zimated

. . \’ . . . R ) N . R i
by 1inear regression of Ln(n +I7”'the.natural loéarlthm'J

of the number of anlmals caught 1n all nets (cogrected f ke

. for extraneous anlmals, and adJusted by one tg\aeeount

for zero values), agalnst X for eaPh transect.--

® 1

Mean current velocity (Y ) for each. llhe (y m -

~ from shore) was estlmated from Flg 12\and 18. The rel—f

!
,Hatlonshlp bctween T and vy was then estlmated by regress1on.

il
-Logarlthmlc transformatlon of both vaklables best descrlbed

the relatlonshlp (Flg. 10), glVlng regress1on equatlons of

~

t
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L e N o
R e e v B2 ,5\-; e
v¢fwhere By and 82 are regreSS1on constants. Elllott (1971a)

"Band Clborowskl and Corkum (1980) aleo found thls relatlonshlp

P

vto best flt thelr data. "g; ff 4 _e'»

”Sisettlln, Ca abllltles\\ ”75e<7“
S g P \

"”were calculated (Clborowskl and Corkum 1980) 'ettllng

';capa01ty is determlned by 1ntegrat1ng equatlon 2 over-

w{the range of current ve1001t1es tesfﬁé;iéppre‘fmatély 1@ 50

79

3.:cm;_ =, Flg. 19) The rel’tlve conﬁrlbutlon of" behav1our (/; f;elf“»

" &to settllng ablllty f anlmals (BI) 1s estlmated by taklng
fithe complement of the ratlo of settllng capa01t1es of dead
f'd:to 11ve anlmals.g'\f ltf}tlf “”ft f'-d"fﬁi";' *;19;_d':~?
| In all serles of trlals, settllng rate was 1nversely o

Irelated to current veloc1ty,.and llve anlmals exhlbmted

vff‘greater settllng rates than dead ones (Flg 19) r Bn sprlng

’_j‘experlments,’settllng rates of B trlcaudatus and E. 1nermls"

_ : ™, St -
| were comparable at low ve1001t1es, but E 1nermls larvaev
\\’ . - f L .

A ffnad much lower settllng rates at hlgher cyrrent

\

\. ve1001t1es than dld B trlcaudatus garvae.. Large B

Ft trlcaudatus (sprlng experlments) had a greater settllng

v\ capa01ty than elther smaller B trlcaudatus larvae (autumn‘V"'

O

J

-'@f more-: 1mportance to settllng of small than large B

r.\experlments) or E ,1nerm1s larvae (Table 10) BehaVlour\WaS:"ffy v

o o ’ et “ B N L . B v P ) . e
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tricaudatus larvae}.however both had a valueidf_BI.greater_j

L =
han that of E. inermis larvae.
Later‘l Transport of Suspended Anlmals Rk

lequlon theory predlcts thatasuspended partlcles_

"'should dlsperse normally and in proportlon to the square'

" ro of the dlstancejfrOm the" source of the partlcles.

\

urbulence, whlch is. related to current ve1001ty,:should

/contrlbute an. addltlonal dlffu81on comppnent (Smlth 1975)
I used multlple regress1on analy51s to determlne ‘how the
transverse dlstrlbutlon of suspended larvae varled w1th
.1dlstance from p01nt of release (x) and w1th current ve1001ty
ﬁl\\(vy) The dependent varlable was the standard dev1at10n (s)

Q s

of the mean dlstance from shore of suspended anlmals caught
‘ lln nets for each trlal Independent varlables were.xozs
fand vy.‘ Values of vy were estlmated from Flg.vl? and 18
.These regress1on equatlons took the form K
;:S'=:B3 4 Buxo ? + 85 yta“ ft:;;(BSff
awhere B3 84’ and B5ware regress1on coefflc1ents.h;3d r/d
h' Regre581ons accounted for betweem O 49 and 0. 79 of
ithe total Varlatlon in the dependent varlable (Table 11)
“qul 64 regress1on coefflclents were . 81gn1flcantly greater
.;{uthan zero.3 The 85«coeff101ents'were greater than zero for '
‘,all analyses except] hat for E ‘1ng£m;§ (dead) larvae (p<=O 05)
“hThe Bu coeff1c1ent con81stently explalned more of the varlatlon
'iln S than dld 85, Thus,.the dlstance anlmals were transported

W-was a more 1mportant predlctlve varlable than was mean current

b S Tl TP



- 0.2U3%*%.0,0061%

. <y

82

Table 11. Regre851on coefflclents of relatlonshlp o '
. ' between standard deviation of mean distance
- from shore of suspended animals, dlstance
downstream from point of release (8,), and
current velocity (B8.). represen%s inter-
cept. Asterisks 1nélcate3that regression
. ‘*coefficient is significantly greater than
N zero; - * p<.05, ¥* p<. di *HH p<. 001
A ’p'.
o\ » v - - v |
S P 2
IR R TR e SR S A
'E. inermis (May)  ~Live  -0.7i4 0.570%** '0.0218* .56 ' ©
- ..+ . . Dead- © -0.038 0'2u3** o, 0028 <59 .-
B! tricaudatus (May) Live. -0.499 0. 589*** 0. o110*g ;79"-”
, oo - Dead ' 0.151. 0. 096*** 0. 0028*n .56
iwngg tricauda£us"(oct.)‘LiVefk";o{ugh_fo 388% 0.0112% .49
T R ~Dead . -0.243 .60



veloC1ty.

Exam:natlbn of the regre531on coeff1c1ents in Table 11

1ndlcates that dead animals should be less, dlspersed than live B

" anlmals for any glven current ve1001ty and dlstance below a
release p01nt ﬁowever, because dead anlmals settle over - -
greater dlstanhes than llve ones,: this is an 1nappropr1ate
.comparlson.A To provide a better comparlson of potentlal

_ dlspersal both between llve and dead animals - as well . as
between specxes. I determlned the dlstance requlred for one—;
;nhalf of .each sample populatlon to settle (x 50)' This

can be calculated from the formula given by McLay (1970),»,

1}

%50 In( /0. 50)r7!

0 .,6931; 1

I determlned values of x 5 for each spe“les, dS1ng values
L o S 7
i A

_of r. correspondlng to hypothetlcal releases of anlmals fﬁ

made 2 and 10 m from shore In each case, r was . calculated

B from equatlon 2, u81ng values of - vy estlmated from Flg.p17
k(Table 12). The estlmates of x 50 represent how‘far down;
"stream of the release p01nt anlmals would be at the tlme

' one -half had settled. The mean. dlstance from shore (y) of

. the. 25 anlmals stlll suSpended w1ll be the same as’ 1t Was

when they were 1n1tlally released but they w11l now be

‘ normally dlstrlbuted W1th a standard dev1at10n glven by
equatlon 3 : I constructedﬁfrequency dlstrlbutlons for |
'the expected transverse dlstrlbutlon of . suspended anlmals

by substltutlng X so-and.vy 1nto equatlon 3 to obtaln expected
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B. tricaudatus larvae were minimal.

larvae became more W1dely ‘dispersed »NM%

larvae, ‘but dlspersal differences betwéen‘k

standard deviations_(Table 12)‘and fittead a’normar’distributioﬁ?
about y (Fiéu 20) | | |

Dlspersal of suspended anlmals was much greater along
the 10 m line than along the 2 m.line; but there ’"‘Z
Were no consistent trends'between degree of transverse

dispersal of'live”and dead organisms. Live.E. inermis

KXVe B trlcaudatus

Discussion

Both ﬁ. inermistand B. trlcaudatus larvae have a strong-

propen51ty to leave the substrate and. become transported

"_by the river curregt (Chapters 1 and 2) “But both have

.,developed behavioural adaptatlons that mlnlmlze the dlstance

they are carrled downstream. Ephemerella larvae have llttle

‘control over thelr orlentatlon durlng downstream tranSport

<These animals assume a characterlstlc spread leg attltude: 7*\\\1

,and exhlblt perlods of undlrected sw1mm1ng act1v1ty alternatlng

l

‘with perlods of paSS1v1ty- Return to the substrate is

"largely dlctated by their comlng 1nto chance contact W1th
\

the substrate and belng'able to malntaln their pos1t10n ' -
g .
there (Elllott 1971a, McKone 1975. Luegke . and Brusven 1976,

personal observatlons) Baetls 1arvae are strong SW1mmers-

’and are thus better able to control thelr orlentatlon

durlng transport, espec1ally at hlgher current ve1001t1es. _ .
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In some cases these'larvae are capabie of making a
directed return to the substrate (Elliott 1971a, McKone o
}975). For both Spectes, a rapid thigmotactic response
to contact with the substrate is of primary importanée/
~dn removing animals from the water column.‘

The non dlrected swimming actions of: the larvae
have the additional effect of dlsper31ngrthem transversely
_1n the water column.' This is apparent by comparlng the
regression coefficients df 1ive and dead.animals of .each
.Species (Tabie 11), :At‘any given distance;downstream of
;a'point of release, live_animals,will be more 'widely
~dispersed thantwill‘dead ones. But.the greater:settling '
rate:of‘iive animals tends to reduce differenceslin the |
~overall degree of transverse dispersal ZFig 20).

This lateral transport may be more important than
.the degree of downstream transport that dnimals undergo.'
_In a river the size of the Pemblna (ca. 65 m wide), long—
“itudinal changes 1n flow structure occur over dlstances ‘p‘
’much 1n excess of the downstream dlstance an an1ma1 is
llkely to be transported Thus, 1t is 1mprobab1e that
an anlmal will be carrled from for example, a rlffle into
a pool sectlon of the river. In contrast, except at the
ﬂrlver centre, urrent ve1001ty changes rapldly across the'
:river. Conseduently, anlmals Wlll be as llkely or more
_llkely to experlence a change in the prlmary phys1ca1
factor controlllng mlcrohabltat (current ve1001ty) as thefi

s

.result of lateral transport than because of downstream
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movement

The 1thantdneous dlstrnbutlon of suspended 1arv&e
is not, by 1tse]f an accurate measure of the eventual
distribution of larvae in the subs trate As individuals
become 1ncrea81ngly widely laterally dl spersed, they ¢ome
under the influence of indreasingly different current
veloeitiee.‘ Those insects carried towards shore will
have greater settling rafes than fhose carried away from
_shore. vThqs, although the instantaneous distribution of
‘suspended'animals may be normal, thbse individuals carried
to slower water Will have a'greaﬁer instantaneous rate of
return to the..substrate than animalsﬂcerried to fester,
water. The distribution curve of insects that actually
do eettle at aey dietaﬁce.(X)‘below a release poinf should:
thus have a nean. distarice from shore’leee than that of
: their peleaee:point (y): the curve should be skewed towards
the river centre. The skewness of the distribution J
curve willgbe.determined by how quickly meenbcurrent velocity

increases as a function of distance from shore. For any

]
E

given animal ghterinv the water column, there is a greater

¢

probablllty of returning to the substrate closer to shore-
than of becomlng reestabll hed fartner from shore.
If all anlmals in a populatlon were.equelly 11ke1y " oo

“to ,depart from fhe substrate, fegar&}eSSMOf;their position
in the rlver, one WOuld expect this populatlon to become

concentrated along the river marglns, glven ample time.

However,fboth B. tricaudatus. and’ E. ;gegmig larvae are
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’

ﬁore prone to departure from slow water than from fast

water (Chapter 2). This may normally counteract the net
(;é}eck of latéralktrahéport'of suspended unimala. Indeed,

in the Pembina River, larvae of both species predominnté

in fast wéter away from shore during non-flood flow conditions
(Chapter 1). When the‘fiver ?loods} however, animals do
become more numerous along the margins. ‘Flooding results

"in both higher current velocities in the river as well ésk »
tending to increase the rate of erosion of animals from the
substrate. Lehmkuhl and Anderson (1972) also reported that

flooding carried B. tricaudatus larvae to stream margins.

The microdistribution of populations of animals that
are. prohe to drift possibly repreCents the dynamic equilQ
1br1um achieved by a balance betw;en departure and settllng
tenden01es of the anlmals. Prediction of the benthic dlstrlbutlon
of larvae from the drift would require determination of the
joint probabilities‘of departufe, downstream movement and
lateral transport Cbnsfderation of the influence of'

these variables on mlcrodlstrlbutlon may prov1de 1mportant

_1ns1ghts into the population dynam;cs‘of these spec;ES.



Y . CHAPTER 4

INFLUENCE OF DRIFT ON MICRODISTRIBUTION OF TWO
- MAYFLY SPECIES. (EPHEMEROPTERA)



T I U
"“Introductién
| .!._:-7 . | |
, Drlft is an lmPortant aspect of the populatlon dynamlcs

’x_.of many lotlc 1nvertebrate spe01es. It serves to remove

!

;:1nd1v1duals from certaln unfavourable mlcrohabltats (Corkum ;
et al. 11977, Walton et al 1977, Walton 1978 Peckarsky e
;‘f‘ 1980b) and prov1des an abundant source of anlmals that -
| kcolonlze unexp101ted areas downstream (Ulfstrand et al. S .
1974 Townsend and Hlldrew 1976 Wllllams and Hynes 1976) ;{j;

Many factors can 1nduce anlmals to depart from the substrate S

Q
'r.,.

‘f;"(see Thes1s Introductlon) The manner in Whlch drlftlng

i-: 1nd1v1duals return to the substrate has also been elaborated

< e

(Chapter 3) f Several 1nvest1gators have observed that

drlft can result ln seasonal or short term dlsplacement
of 51gn1flcant proportlons of populatlons (Ulfstrand 1968
Lehmkuhl and Anderson 1972, Hall et al 1980), but the

‘f 1n}luence of drlft on day to day varlatlon in- relatlve ':E'R;‘h’u
dlstrlbutlon of anlmals has not been examlned i T
3 In thls chapter, a. model is. developed that examlnes
the role of dally drlft 1n malntalnlng the relatlve dlstrlb—xﬁ

. . o o Q N B ,. I/‘..
‘f] utlon of Ephemerella 1nermls and Baetls trlcaudatus larvae .

1n an'ldeal rlver W1th flow characterlstlcs 81m11ar to

. / . . 2 . -.\

those of the Pemblna Rlver. In the Pemblna Rlver, these

”i{f anlmals are usually cdncentrated 1n fast Water (Chapter 1)
Nocturnal departure of B trloaudatus larvae 1s more | |

pronounced from slow water than from fast water areas. o

Departure of E. 1nerm1s larvae 1s mlnlmal at lntermedlate



&g Benthlc Dlstrlbutlon as a. Result of Drlft

e

: o
o e

5 Drlft 1s a’ compOSLte process made up of three events..

: water veloc1t1es (Chapter 2). However, 1nd1v1duals of
both populatlons enterlng the drlft tend to be transported

~~~~ laterally to slower water as well as downstream (Chapter 3)

92

The model developed hereln attempts to establlsh whether the |

benthlc dlstrlbutlon of these populatlons can be accounted

for by s1multaneously con51der1ng departure and settllng

l capabllltles of these anlmals.. The. role of behav1our 1n

\

controlllng dlstrlbutlon 1s also evaluated by comparlng d;ﬂf
predlcted changes 1n dlstrlbutlon of llve 1nd1v1duals w1th
those of dead anlmals, whlch behave as. 1nert obJects.v

[}

Methods . s

B
J o : Sk
Aquatlc 1nvertebrates can change p081t10n 1n a river

/

o elther by crawllng over or through the substrate or by »

enterlng the water column For the purposes of the model

I w1ll 1n1t1ally assume that the latter mechanlsm 1s the

-J

departure from the substrate, transport 1n the water column S

3

(drlft proper), and return to the substrate.{ It 1s dlfflcult

‘ to separate the actual moment of return to the substrate

Trom the perlod of transport Therefore, I w111 refer *4‘{

to these tWO components together ‘as settllng % {,"fvf?l

'Fohswder an 1deal rlver composed of a dlscrete number i'

of parallel homogeneous transects of. arbltrary w1dth,

) IR : S o "R re"?*v '

only one that results 1n a net redlstrrbutlon of an1mals.l=*¥ g



: _runnlng the 1ength of the rlver.d Each transect has an

ﬂassoc1ated known méan current ve1001ty. Current ve1001ty

flxed proportlon of anlmals are 11kely to enter the drlft

i N

at every p01nt along a glven transect each day because ',(f'

ffdeparture 1s a functlon of current Ve1001ty, and current ;\‘)'“

“\hve1001ty is; unlform along the length of each transect

’tlThere 1s also a flxed probablllty of anlmals returnlng tO‘;f
hthe substrate in the orlglnal orcany other transect in -

ihgthe rlver because settllng and lateral transport are also

lffunctlons of current ye1001ty If mean current ve1001ty J

.:varles predlctably across the rlver then probabllltles of

_ departure and settllng can be estlmated by con81der1ng the o

‘”p051tlon of any partlcular transect relatlve to the/rlver

*ymarglns.yybth‘f R e el _ S
"fb Let. B0 = (bg,bg,bg,.....b ) be a vector where each bO

fﬁrepresents the, benthlc den31ty of anlmals 1n transect 1 on

'5}a glven day O (symbol conventlcns are descrlbed 1n Llst of PR

| "Symbols){‘ Because each transect 1s unlform along 1ts length,.A

af,bg should be the same for any p01nt along transect 1.,':’

Let 013 be the probablllty that an anlmal presently

'V;ﬂln transect i Wlll be located in. transect g on- the next day..f§:

T

1&Were 1t poss1ble to estlmate clJ for each transect of the-".-Q

‘firlver, ‘one could construct a PTObablllty métrlx, C' SuCh

, R . 11..-.-'.--oo-_-_uv‘i‘oicl‘j“

2.
~ :

"o e ew

[]
.
ey
cwe w0 e o’o."-.u‘-‘c‘u -".C

Q.

—

,'1s m1n1ma1 at rlver marglns and max1mal at the centre. JAf‘»75'"7"

TRL



Vixh this.

V’LiQ(t) 1s the proportlon of anlmals that w1ll remaln on the

o

. remalns constant through tlme, then ¢}

vAssumlng that clJ

A u

"1s the tranS1tlon matrlx of a Markov chaln, and~one can -

’expect Bt‘ the vector descrlblng benthlc den81ty of anlmals'*

A

among transects after & days to be glven by "t ;vk
-~ Where Ct‘lS the ! th power of tran51tlon matrlx C._‘ R

LI

t.Matrlx C represents the probabllltles of anlmals in one :

'transect belng located 1n others after one day.7 The model

vrequlres the aSSumptlon thax the benthlc dlstrlbutlon of an

-,anlmal on any glven day depends only on. 1ts locatlon on the_°”v?f”

Itprlor day,:and not on 1ts locatlon at any tlme prev1ous to

Because not all anlmals depart from the substrate"‘

3ievery day, let P(t) be a dlagonal matrlx where each dlagonal

"element p(m) "represents the proportlon of anlmals that f

ii
- depart from the substrate durlng tlme 1nterval t : Thus,

vﬁ substrate, ‘ .° Q"r‘ :vb,_ ‘:fﬂjﬂf',l«f- ',:h,‘e".r _'ff/g’:

g o awmerem e S

efwhere I 1s the 1dent1ty matrlx.:“"

Let K be a square probablllty matrlx in whlch each

"f,felementvk i represents the probablllty that an anlmal

_yln transect i that has left the substrate settles 1n

“Petransect 3



ll‘y'v"“".'_'"""’.'Af'\i}'}.(lj ."

1=
It

CBy e e ee s sy
of

il-’aa-c--oc -‘-c--u\--k.
L .

~_Then the transition matrix, C, can be determined by

o T SA. Z,‘E'(.’?)K_ + 9'(';’0‘)’ ~ _‘?i::;.,» N f<7>

R

That 1s,4the probablllty of anlmals belng located in. any
'h tranSect J after tlme t lS the probabillty of departure
'9jfrom the substrate ln any transect 1, tlmes the probablllty

‘ fdof transport from trapsect i. to~ transect 3, ‘plus the

probablllty that an anlmal ‘in transectvg remains there.'b

T assume that any anlmal that does drlft\\does not drlft o

vomore than once per day "p;;g';_,"'r'-&g SN

“ ‘

The Model Rlver i . | . o “o : | \ .

In Chapters 1 and 3 I examlned the benthlc dlstrlbutlon;rs

1h‘dr1ft and settllng capabllltles of llve and dead E 1nermls

.and B &rlcaudatus larvae 1n the Pemblna Rlver.‘ ThlS
. a L

'=ﬁr1ver 1s approx1mately 65 m w1de durlng normal flow condltlons,
”flbut my data have been collected prlmarlly from a reglon

‘H‘W1th1n 12 m of the south rlverbank. Wlthln thls area,

-,~both mean current veloc;ty and depth are llnear functlons

95 .

‘,of dlstance from shore (Chamter 3) Instead of extrapolatlng o

”dthls 1nformatlon to prOV1de estlmates of flow pattern over:

~Ifthe entlre W1dth of the Pemblna Rlver, I eleoted to base

-



(>§ :
Py

predictions'on a'hypothetical river with flow character-

1stlcs analogous to those of the sampled portlons of the

‘ Pemblna River. The model rlver is 26 m W1de and is arbl-

trarlly partltloned 1nto 1-m W1de transects. -Depth and
%\
current ve1001ty between 0 and - 12 m from the south bank

of the model rlver increase 1n a manner 1dentlcal to that

"estlmated for the'Pemblna Rlver. Depth and current ve1001ty

1ncrease at twice thls rate between 0 and 6 m from the north

bank of the model rlver. The central elght meters of the

‘model river are of unlform depth and current ve1001ty and

¢
are equlvalent to values 12 m from the south river margln.ﬁ

96

Flgure 21 1llustrates flow characterlstlcs and depth proflle’

Ah; of the Pemblna and model rlvers 1n May and October 1979

‘ durlng day and at nlght were determlned by substltutlng the

Departure of Anlmals From the Substrate
& In Chapter 2, regre851on analys1s was used to estlmate

the relatlonshlp between departure rates of llve and dead

E. 1nermls and B trlcaudatus larvae and<mean current veloc1ty

Estlmates of departure from each transept of the model rlver,' o

N

mean current velocity of each transect 1nto these regress1on ‘

-~

equatlons. Where departure was a polynomlal“functlon of .

"t,current vel901ty; mean departure rates were estlmated by

S L D,//hotoperlod in. October

1ntegrat10n. Because the duratlon of laboratory experlments_; :

was dlfferent than fleld photoperlods, departure rates\were

o corrected to a 16 8 L D photoperlod 1n May and to a 12 N2

. \\A,_

Nl a

)'(K“"”l_"h

o
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/
The model permlts anlmalsmto drnit only once during a
24 h period. Let p(L) ‘/and p(D) be the proportlons of
animals departlng 7;om transect i durlng day and ‘night,
respectively. The proportlon of anlmals in transect i

‘dthat remain on the substratefls -
O all);; = 1 - p(L)y;
R TR .

The_proportions'that'depart or remain during424_hours are

given by
Cp(2My; = p(D)y; + aD)g p(T)y, . (8)
Azl =1 -pzhy (o).

&
Estimates'of proportions of llve and dead anlmals that
-depart from transects of the model river are; presented

in Fig. 22.

Settllng of Anlmals
The proportlon of anlmals that settle (f ) over a_
»un;t length of any transect 1 1s a functlon of settllng :
frate, r, and downstream dlstance,]x. Let. m(x) be.the
'lproportlon of anlmals suspended in-the water column over:
a unit length in transect 1, X meters downstream of the o
0,

"p01nt of. entry 1nto the water column When x>=

(x)i-— p The,proportlon of animals suspended“x

it
meters doWnstream of_thefentry'point'is,given by
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o \1"' . C .
2 6 10 14 .18 22 26

Distance From '"S./_Bahk (m) L \

" Figure 22. Proportion ofvanimals that depart fnom‘subst¥ate
o : - in ‘model river. during light (solid lines) and -

darkness (broken lines). A, E. inermis (May);

B, B. tricaudatus (May); -C, B. tricaudatus
(October). Figures above represent departure

of 'live individuals; figures below represent
departure of dead animals. S

-
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_ N -TiX (10
m(’x).l f(mto)ie (10)
E (see Chapter 3). Therefore, the proportlon that settle

over a unit of downstream distance ;s given by

m(x—l)i - m(xfl)ie_ré

i

f(xi)

!

m(x-1),(1 - 7T (1),

'>|
Settllng rate is 1tself a power function of ourrent‘

-ve 001ty (V) such that for any transect 1,

roo=4v, %2 (12),

aWhere B, and 8, are’regressidn oonstants (see‘Chapter 3).
However, current velocity is a linear-function Sf distance
‘from‘shore (&)"except at the river centre (see Fig.,21)f
Thds[ for any‘yi, o |

o , _Bé ’ v“‘x. » ) : . .' . .
TyoT By o (3

'swhere Bi and BZ are.regre881on constants.
‘The lateral dlstrlbutlon of suspended anlmals about
dtheir point of introduction into the water columnﬁ(y ) is
normal w1th the mean: glven by dlstance from shore (y Y.
,and standard dev1at10n s (Chapter 3) The standard dev1atlon .
1s dependent on both downstream dlstance traxelled (x)

and current ve1001ty (v) such that for anlmals suspended

in any transect 1,

¢

= 83-+'f34x0'5 + BV

5V am:



1ot
where 32 'Bu and 35 are regre881on constants. But because

current, ve1001ty is a llnear fur.ction of dlstance from shore,

‘si:ABé + BL'P_(O.5 -f—.{3éy'-l ‘, (15) ‘

\

Data on settllng rates and lateral dlspersal of

dSuspended llve and dead E. inermis and B tr1Caudatus

larvae (Chapter 3) were. reanalysed to express r and S

. as functlons of distance from shore (Table 13)\ An
estimate of r, and s; for each transect i of th 12 m from

the south shore of the MOdel r1ver was determlnedvby sub-
‘stltutlng the dlstance from shore of the midpoint o \eaCh.
;transect into tne'regression equationsg' EStimates Tor’»
» each transect betueen 0 and 6 m»from the north shore uere
| determlned by - substltutlng tW1ce the m1dp01nt distance into
, the regress1on equatlons. Values for the eight central
transects were calculated by settlng yy = 12tand sub-
.stltutlng into the ecuatlons (Flg 23) |
i Probabllltles of transport of anlmals from one. transect
to all others were generated accordlng‘to an APL computer
program (Appendlx 1). The program was designed'to determine
proportlons of anlmals settllng at: 1ncreas1ng 1-m steps -
l;downstream of‘the.glven\p01nt of entry,,_yi 1nto the water f'
column. The proportion of animals'nOt settllng at'each
step was partltloned accordlng to a nornal probablllty
dlstrlbutlon generated around a mean (y ). and a standard

dev1atlon (si);- Proportions returning to the ‘substrate at

each step were summed until the total fracticn that had
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Dispersal

‘Settling Rate

Lateral

26 10 14 ' 18 ' 22 ' 26

= — v .

L Distance From S. 'Bank (m)
Figure 23. Instantaneons settling rate/(concave curves,
: - Left axes)- and measures of lateral dispersal
(convex curves, right axes) of live (solid ,
lines) and dead (broken lines) larvae suspended

in model river. A, E. inermis (May); B, B.
tricaudatus (May); C, B. tricaudatus (October).
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Gettled exceeded 0.999, ‘The remainder wag added Lo the
transect from which animals originated.  Summing the pro-
portiong of animals suupended at the end of each step
provided an estimate (w.L }) 0f the expeclted contribution
of animals originating in transect i, to the dritt at
other transects, j. Each run of the program produced 2
vector K. - (k. , K, K. .ok, ) wit ach kK, the

ector K, (kKo X kzo) ith eact j h
probatility of an animal originating in trangsect 1 settling
in transect j, and a vector W, = (W, , W, W ,i....W, ),

1 1 2 j 26
with each wj the sum of proportions of animals originally

suspended in transect i that became part of the drift in

transect j. Matrices K and W were then defined as

. Ky W,
; K, W,
! K3 W
K = : W o= i
Kag ‘ Wog .

Matrix K was used in equation 7. Matrix W wae used ir
determining estimztes of numters of anime}s that would be
caughtvin drift nets placed across the mocdel river (see

below). K and W were estimated for both live and dead

E. inermis and B. tricaudatus larvae. Matrices are ¢

“tabulated in Appendix 2.



| B trlcaudatus larvae 1n the Pemblna Rlver were collected .

'-? Benthlc Dlstrlbutlon of Anlmals An the Model Rlver‘.tV'

a Q

Data on benthlc mlcrodlstrlbutlon of E 1nermls and :
3

throughout the 1ce free perlod 1n 1979 (Chapter 1) Flve

’ repllcate Hess samples were taken at 10 15 day 1ntervals

vﬁwjnfleld benthlc dens1t1es of only large E ;1nerm1s ahd Buu :
j'trlcaudatus larvae from May and October (Chapter 2)

thumbers of large anlmals 1n each sample w1th1n serles of

st'each sample (Chapter l) to reduce sample Varlances (Sokal
".and Rohlf 1969) e ' |
ﬂ{3~.v The relatlonshlp between adJusted benthlc den81ty of e

f'each populatlon and dlstance from the south rlver margln ‘

‘ﬁv at dlstances of 3 and 11 M from the south bank untll mldh-

'June, and at 3 7, and 11 m from the south bank thereafter

untll November.,vffﬁgf: j’:s:.”“ ' ffi'w i [f f“'

o

Benthlc dens1t1es 1n the model rlver were based on'

V”lrepllcates on each date were adJusted by regreSS1ng benthlc

i7f5den51tles‘agalnst numbers of all other anlmals taken 1n »v"

. X

:;on each date was determlned by plecew1se llnear regress1on..

,thBenthlc den81t1es of anlmals in the model rlver were then

'wifestlmated from these regress1on equatlons (Table 14)

";hthe slope of the regre351on equatlonsb

"lfDen81t1es beﬁween 13 and 20 m from the south shore were A
_nthe same as at the 12 m p01nt. Benthlc densltles from ‘»,;taﬂf*

Q3;o to 6 m from the'north bank were obtalned by doubllng )

b

o



R

D Lo . ..’ ‘\’/ . )
Tablé114. 'Regress1on coeff1c1ents and coefflclents of
. determination of functlons descrlblng benthlc o

f*dlstrlbutlcg‘of anlmals in model rlver.

- Species . . Défé 3” -‘intercéﬁt} °Slopé;f,fﬂ;fR;IZIU

O E.'inermis TMay 15 o .—13 oog'!%fj7;oo% S 0.867
SLES o may 28 3.25° . 8.25  0.80

 '§f fficauda€ﬁs:<k;f ”May 15 . }j —13 49; 672 0wt
oot b ‘vﬁ,f416262 -fﬂ120.01; 7“E7Oa6
S0 Qct 15 . U-115.75 0 410300 - - 0ub
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P2

v‘TComparlson of Observed and Predlcted Changes 1n Benthlc '

- Dlstrlbutlon

All settllng and departure estlmates were ‘based on -
“the results of experlments conducted w1th large anlmals?fﬁd
v?ﬂcollected 1n May or October 1979 Eenthlc samples that*f;
ﬁe?most closel§ corresponded w1th these perlOdS were takend; | ‘
fg“on May 15 and 28 ‘and’ October 4 and. 15 1979 st S e
Predlctlons of relatlve chaﬂges 1nxbenthlc dens1ty#i;f‘ o

1Qu1n the model r1Ver were made for 13 and 11 day 1ntervals,;b

'lnrespectlvely, to correspond to the tlme elapsed between f

"fsamples taken 1n the Pemblna Rlver.f Predlctlons were;

R

:,‘made us1ng equatlon 5 For May trlals, the 1n1t1al '
‘ifdlstrrbutlon of anlmals_(B ) was the vector of benthlcﬁf
fryden31t1es estlmated from May 15 benthlc samples.\ Inltlal;ib
L;dlstrlbutlon (B ) for October trlals was that estlmated ‘
'uﬂfrom=0ctober 4 samples.: Dead populatlons were glven the '?Jﬁﬁf;k
':.lSame 1n1t1al dlstrlbutlons ‘as thelr llve counterparts,fEII |
: Comparlson of Observed and Predlcted Drlft of Anlmals
| Observed Drlft——f Drlft of anlmals 1n the Pemblna_ffri}:'
7.dever was studled on M:y 28 29 and‘October 7 8y 1979
r(Chapter 3) Large drlft nets flltered all anlmals from B
f12 1- m w1de transects extendlng from the south rlver bank

.@],Samples were taken at ogoo,‘lzoo 1800 and 2400 h All E

llnermls and B trlcaudatus larvae were measured and only

'”large 1nd1v1duals Were used 1n subsequent analyses.. Drlft"

-3

LN

.was expressed as drlft density (number of anlmals m; Water'fjr

:'udflltered).;



. Tglven by

Y

Drlft of E 1nermls and B trlcaudatus larvae 1s

-”:faperlodlc durlng dayllght hours but not at nlght (see

?thlg 8 Chapter 1) Max1mum drlft of E. 1nermls larvae‘

"',occurs near mldnlght. Baetls trlcaudatus larvae exhlblt

’jbat least two nocturnal peaks of drlft, the maJor one,,'

- occurrlng Just prlor to. dawn ‘ Average daytlme drlft

o

densmty of each populatlon 1n each transect was determlned

i;‘by d1v1d1ng the total number of anlmals caught 1n the three E

T s

S daytlme sampllng perlods by the total volume of water M

nflﬂby d1v1d1ng the number of anlmals caught 1n each net at
" 2600 h by the volume of water flltered at that tlme and

lf-multlplylng these values by the dlfference between drlft : |

"fathOOIrand averagenocturnal drlft in Flg 8.

Predlcted Drlft—-f The totalonumbers of anlmals

‘:;iexpected to depart from one m2_of substrate 1n transeot

‘jtof the model rlver durlng day (L) and at nlght (D) are

P SN

'”‘77n(L)i

o

Gl

PgpMgy o 26 -

.gﬁ(p}i,

“vuwhere b 1s the benthlc dens1ty of anlmals in transect

108

\?‘?flltered by each net.. Average nocturnal drlft was estlmated |

v_,l and p 1s the proportlon that depart from the substrate;zrf-"

A

'%'Slnce matrlx W represents the Sum of proportlons of anlmals;f

?5;dePart1ng from transect i that would be carrled over a'jf

‘gp01nt 1n transect J, the‘total number of anlmals that f-

da'should be caught 1n drlft nets placed across the transects ;j;lﬁ

[ SN



.;‘durlng day (N (L)) and nlght (N (D))IWQQld?b¢‘”’;;/~

aX
N;gX(L) %“NSL)ﬂh o ._}L‘h_(%gz e
Ny (D) =."N,(t'>f)w,*__f e ERREL-) RN

max
"However, the concentratlon of animals in the water above(,

veach m2 of each transect also depends on the depth of

’lﬂﬁwater (z ) 1n each transect 1.' Thus, the concentratlon S

”Q{dand depth estlmates from Flg 21 and assumlng photoperlods

'?frof drrftlng anlmals ln each transect 1s glven by

l\“.

(L) /z : td(Zb)‘b

1l

e ﬁ»ﬁrﬁéx(n’)g . (L) /z T

Volumes of water pass1ng p01nts 1n each transect

L ,u‘

:fiof the model rlver were estlmated u81ng current ve1001ty

" of 16 8 L D ‘in May and 12 12 L D in October.- Predlcted

dzrdrlft dens1ty durlng day and at nlght was determlned by

1\:d1v1d1ng the total dlluted number of anlmals (N' . )ﬂ.i"

max
_’predlcted to drlft past a p01nt durlng day and at nlght

;'by the estlmated volume of water pas31ng each p01nt.-.’

f;Expected drlft den81ty of llve and dead B trlcaudatus.‘

‘§larvae was determlned us1ng benthlc dlstrlbutlons estlmated

l{on May 28 and October 4 Expected drlft of llVe and dead
'fdQE.vlnermls larvae was determlned by u81ng estlmated i."

.'}tibenthlc dlstrﬁbutlons on May 28

1.09 :



fjil to each transect 3, the mean downstream dlstance travelled

CL -' 110

“ Mean Dally Downstream Dlstance Travelled by Anlmals

The sum of proportlons of anlmals that drift. past

- a p01nt 1n a rlver 1s the product of the proportlon departlng
-from the substrate and the mean dlstance travelled (Elllott

N 197la).a Thus, 7 |
w,:;m(Q)iv ‘ .‘;fu dfn-':ﬁ:” } (22)?

"fWhen m(O) ylas assumed in the settllng computer

B >

f_:hprogram, thls eQuatlon reduces to
CoR=wo ol '(2'3-)_;

lenoe W is the matrlx of the sums of proportlons of

“-suspended anlmals that are transported from any transect

')‘by anlmals that depart from any transect i (x ) lS the

: f{l th row. total of W, 1.euv‘”7 | B
. ; L N S

lﬂii,é;wili+fwi2r+'WiBffa;?’“" + oW, 26 (24)

2

’lThe mean dlstance travelled by all anlmals 1n the populatlon

that drlft durlng one day ( ) 1s

*flywhere N(2b) is the vector of the nUmber of anlmals that E '
"fidepart from the substrate over 2# hours and I 1s tnb - :

>



‘a

as a result‘of‘dri}t,is‘

T Xp = "l;o;— o _(26.). -

:where Bo ls the vector of benthlc den51ty of anlmals
_’ across the" model rlver on day O.p It 1s 1mportant to.:ﬂ
note, however, that because n(24)i = b, p(zu) .,vboth
§N and XB are dependent on the benthlc dlstrlbutlon of

' anlmals,

- ~.

Downstream dlstances travelled by drlftlng anlmals

- and dlsplacement of populatlons were calculated for llvefjf"

and dead E. lnermls and B trlcaudatus larvae, based on

'estlmates of observed benthlc dlstrlbutlons on. May 28 and‘jf

/
/

l October 4 1979

«/ﬁeﬁs'ﬁl/ts o . : ‘ : B

Benthlc Dlstrlbutlon

The observed benthlc dlstrlbutlon of anlmals changed

”'mlnlmally overothe tlme 1ntervals examlned in May and

b.'

October._ In contrast, the model predlcted large scale

111

The mean downstream displacement of the entire population

f' transport of 1nd1v1duals of all populatlons towards shore T

(Flg 24 25 26) In all cases, predlcted den31t1es of -

f anlmals fell out31de the 95 percent confldence 1ntervals

—;t

l‘”_of observed den81t1es of organlsms.: The model also 1nd1cated

5o

i

the north bank than the south bank of the model rlver

that den81t1es of anlmals should become greater adJacent to

L
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Figure 24.. Observed (solld llnes) and predlcted (bzr o en
47 . lines) distribution of E. inermis larvae ;.
_ ‘model river, Vertlcal lines represent 95 percent
SRR ¢ »of observed densities of larvae. A,  May 15
LT 1979% B, May 28 1979 (llve anlmals); .C, May 28
S .vv1979 (dead anlmals) o o _-.'-'
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: ' tricaudatus larvae in model river. A,
October I 1979; B, -October 15 1979 (live
‘animals); C, October 15 1979 (dead anlmals)
- Remaining explanatlon as in Flg 24 :
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- Changes ih.distribution predioted'for live animals
were more pronounced than for deadvpopulatiOns of the

same species. . A greater degree of lateral redistribution

was ev1dent in May than in October populatlons of B.

trlcaudatus 1arvae. In May, changes in benthlc dlstrlbutlon'

joo.

of thevg. inermis populatlon were more notlceable than

changes in’ dlstrlbutron‘of the B. trlcaudatus populatlon.
‘Drift Density

| Predicfed'drift'dehsitiesvof»?opulations of dead.
"animals~were generally much lower’thah predictedhdrift*
densities of correspondlng live populatlons. |

| Observed drift densities ‘of E. inermis larvae’Weres
‘much greater in May “than in October (Flg 2?) In May,

‘ predlcted drift den81t1es of live’ anlmals corresponded

'closely to values observed in the Pembina River both during -

--day and at nlght

Observed nocturnal drlft @en81t1es of B tricaudatus

' larvae were. sllghtly greater in. May than in October (Flg
28) The reverse was true for daytlme drlft den31ty values.
The model markedly underestlmated May drlft den81t1es of

live B trlcaudatus larvae. October predlctlons of drlft

”'den81tv were too<h1gh durlng daytlme and too low at nlght
A1l predictions of drift dens1t1es‘of dead”anlmals were
un@ereStimates of drift density of live,animalS‘in the

. ) N
Pembina River.
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Distance Drifted Downﬁﬁream
Dead individuals of both species that departed from
the gubstrate were transported at least twice as far down-
sfream as their live counterparts (Table 15). However,
bécause live animals had higher departure rates, the ’
daily downstream displacement of entire populations was
greater for live than for dead animals. Downstream dis-
placement of the E. inermis population was over twice as
great as for the B. tricaudatus population. Displacement

of B. tricaudatus populations (live animals). were almQSf

identical in May and October.
Discussion

Results of the.méﬁel runs indicate %that drift is
responsible‘fpr'fransport of large numbers of anim;ls from
the river centre to near-shore regions as well as downstream.
This effect was observed for both populations, and was mos¥t ?0'
noticeaﬁle inliive_animals:‘ Test runs of the model using
theoretidal‘data (Appendix 3) indicate that animals wili'
“becoéeAconcenQ;éted at stream marginé whenever lateral
dispé;sal valuesvat;sﬁoreward traﬁsects are close to zero,
~regardless of.individgalsf departure*éhd se;tling‘capabilities;‘
,My ésﬁimates of lateral d;spersal‘for live animéls‘in botﬁ

populationslincluded at least one’such value. Thus, the Y

model QUggests ?hat{'giVen enoﬁgh wme, drift" should

@

result in all E.uigetmis and E.Atricaudétus larvae gventually
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;dlsplacement of populatlons (x ) in model

iquver.

* Condition
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~ Dead

”‘iSQICA_
‘,'37529ﬂ3
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Pfedicted“méén*EOWnétream distance travelled

by animals that drift (x.) and net downstream
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becomlng located in and remalnlng in those transectsoclosest

in

. D
to rlver marg1ns°' Estlmates ~of - change 1n dlstrlbutlon of

dead organlsms were less pronounced. prlmarlly because F«lf
dead anlmals were less prone to depart from the substrate

Reduced departure rates tend to slow the rate of change 1n.“'
dlstrlbutlon, even when settllng rates of suspended anlmals

"are low (Appendlx 3)

| among populatlons of llve anlmals were also largely due fii
to dlfferences 1n dally departure rate : It appears that
behav1oural mechanlsms that result ln reduced departure,fljll
', rates from fast Water areas are 1nadequate to.compensateﬂ
| for the 1ncreased degree of lateral transport associated“>“°
w1th behav1oural mechanlsms that facllltate a rapld return
to the substrate.n Indeed the 1nfluence of behav1our '
results 1n more pronounced lateral dgsplacement of anlmals’
than would occur 1f 1ndlv1duals departed and settled 1n
“f a completely pa551ve manner5 5‘}5:-f;5”;5'fl},;f]i;_l-»5_uﬂ
- Examlnatlon of predlcted downs.ream dlsplacement v°r ?1np§ﬂ-“"
estlmates shows a s1m1lar151tuatlonT' Even though dead - ﬂ
anlmals that became suspended in the water column were
transported greater dlstances downstream than thelr llve‘r
| dunterparts, hlgher departure rates of llve anlmalsfy
‘fwresulted in greater net downstream dlsplacement of ‘_
‘Populatlons | t 1 o ' PR
1::fjvj Because there was such a. large dlscrepancy between

observed and predlcted changes of dlstrlbutlon,‘lt is. temptlng
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to suggest that the results ‘are an artlfact of" my estlmates

[ 3

*fof departure, settllng or lateral transport Yet. model v >‘

: u,estlmates of the magnltude and spac1al pattern of drlft.

’whlch were based on the Same data Were surprlslngly close

to drlft observed in the Pemblna Rlver.‘ Although I had

dvsexpected the model to overestlmate amount of drlft because

‘fderlved departure rates of llve anlmals were almost certalnly
.hoverestlmated (See Chapter 2), the most pronounced deV1at10ns
were underestlmates.; It is pOSSlble that overestlmates 1n
i;.departure rate were compensated for by equally erroneous
faoverestlmates of settllng rate. All determlnatlons of

(]

‘ljsettllng rate were made durlng dayllght hours (Chapter 3),

5{¥¢whereas most drlft occurred at nlght, espe01ally in May

:p;iLuedke and BruSVen (1976) and Walton (1978) found that L

E NG L
‘ drlftlng anlmals tended to have lower settllng rates at

f‘nlght than durlng the day._ However‘ the’r experlments

:rfiwere carrled out 1n Very shallow laborato’y streams (depth

:fivamodel would underestlmate drlft because my estlmate

- Qless than 6 cm), thus,\j?gir obServaflons ‘ y not befu'

appllcable to all portlons of ahrlver lElli'tt (1971a)

‘jengage 1n mu;tlp}e drlft eplsodes. In such an event,_the;>b"

4

\departure assumed that anlmals drlfted not more than once :

iw"every 24 hours. It should be noted however, that anu'true S



,undereStimate of the number of animals'transported‘in the-

5 water column, or of the downstream dlstance they are carrled,

would produce a correspondlng underestlmate of the amount

f lateral redlstrlbu‘; n of the populatlon.f For thls

"lreason, I feel that the predlcted changes in- dlstrlbutlon fh

"‘fare representatlve of - the dlrectlon,llf not the exact

‘7*magn1tude, of the transportlve effects of drlft on thev"f

c‘dlstrlbutlon,of E inermis and B. trLcaudatus populatlons.
Because there 1s such a large dlscrepancy between |

' observed and predlcted benthlc dlstrlbutlon of larvae,o

'f_lt 1s clear that drlft alone cannot account for the mlcro—

-.VﬁAlthougn there 1s no experlmental

:fdlstrlbutlon of)these populatlons 1n the Pemblna Rlver..
'”fThe benthos must undergo some: form of compensatory benthlc tff

movement that counteracts the transportlve effects of" drlftfff:;rv'-

’nce that aquatlc_f}'

‘“1nvertebrates are capable of dlrecteo lateralfmovementsif"‘

'1n rlvers,wlndlrect 1nformatlon from several sources lends

v*ecredence;to the poss1blllty Seasonal onshore offshore

"emovements of mayfly populatlons 1n lentrc habltats have

:been reported by GlbbS (1973, 1979), Corkum (1982) and

sl Brlttaln (personal communlcatlon) o Cheatum (1934) and e,:

'Horst and Costa (1975) suggested that 31mllar seasonal ‘

'movements occurred 1n pulmonate gastropods.,ﬂf

| _‘ Seasonal changes in benthlc dlstrlbutlon of Ephemeroptera S
.‘1n lotlc habltats have been reported by Ide (1935), Harker._ :
(1953a), Macan (1957),>Ulfstrand (1968). Edmunds et al )

:vu(1976) and Hall et al (1980) In addltlon, Neave (1930)
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‘ Haydon and Cllfford (1974), Keller (1976), and Olsson and

= Soderstrom (1978) have observed 'ubstantlal seasonal upstream‘
R . f

ﬁnlng waters, on the order of

kmovements of mayfly larvae in r

fnhundreds of meters over one or fwo weeks.

s N
‘ There 1s less ev1dence of short term lateral movement
in lotlc systems. Elllott (1971b) found that dally move-l

»_ments of anlmals towards the centre of a stream were more

ifgpronounced than movements towards marglns.’ In contrast

v Blrd and Hynes (1981) reported that benthic movements of
: lotlc 1nvertebrates 1n an Ontarlo stream were random.””
Seasonal data on. benthlc dlstrlbutlon of E. 1nermls

larvae 1n the Pemblna Rlver (Chapter 1) suggest that benthlc |

hvimovements may 1ndeed carry large numbers of 1nd1v1duals

'Qitowards thf rlver centre at certaln tlmes.; Max1mum abundance .
"cof larvae occurs near shore durlng late summer, but by the‘;i'.~ft
«g_tlme Jcé forms 1n autumn, den81t1es have become greatest df
'ffln reglons remote'from shore._ Because drlft of thls
yntpopulatlon 1s very reduced 1n autumn, thls change 1n mlcro—'
vdlstrlbutlon can only occur by benthlc movement o |
' There 1s no s1mple way to estlmate what degree of
’i_lateral movement would be necessary to compensate for the
?effect of drlft on dlstrlbutlon 1ndlcated by the model
;_ tbecause there 1s no unlque set of probabllltles of move—_fg-
ment between transects that Wlll exactly counteract the -
'~changes rn benthlo p081tlon of anlmals dlctated by the ?'lh
"'model s trans1t10n matrlces.r However, I used an 1terat1ve

ffmethod to prov1de a general 1dea of - the mlnlmal degree of

T



”'-‘transects 1nterpolated from thls llnear functlon

L

r Ai24.,

'movement towards the stream centre necessary to balance B

»the loss of 1nsects from the elght central transects of -

the model river after the flrst day s drlft My assumptlons  .

_were. that anlmals elther remalned in thelr present transect
or moved towards the stream centre. The ‘mean dlstance . -
‘moved was assumed greatest for anlmals in transects*

;'adJacent to rlver marglns (where current ve1001ty was

¢

lenlmal) and to decrease 11nearly to O 1'm in transects 12

:g‘and 21 (those transects adgacent to the elght central f

'otransects).: No net 1ateral movement should occur at the river

B . . c ‘
centre.hf

Probabllltles of movement of anlmals from any. partlcular

fjtransect to other more central transects were determlned Ve
_ ;/

_accordlng to a P01sson serles., The flrst 1terat1ve step /.

'f_1nvolved selectlng an arbltrary 1ntercept value for the :

*U_relatlonshlp between 1n1t1al drstance from shore and mean .

'wy-dlstance moved The slope necessarY’tb PrOduce mean move-:i'

: ment of O 1 m adJacent to the centre was then determlned,
: and the mean dlstance moved by anlmals w1th1n all other T'
A
;aProbablllty of lateral benthlc movement by any anlmal from
fa glven transect to. each other transect was calculated
'_accordlng to the P01sson dlstrlbutlon correspondlng to the o

1

_interpolated mean dlstance moved from that transect

“ijrobabllltles were then assembled as a tran81tlon matrlx, e

;C' The 1nner product of thls matrlx and the vector.‘v*“'

"-descrlblng benthlc dlstrlbutlon of anlmals after 1 day S
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arirt (81) was then calculated, -
O apler oL .
‘The elementsﬂof'Bo' corresponding to'densities‘in'the
elght central transects of the model rlver were then summed.
The functlon descrlblng benthlc movement towards the rlver
centre was Judged adequate to compensate for lateral
ftransport by drlft 1f the sum determlned above was greater

than- or egual to the correspondlng sum of elements of BO
'pr the functlon was 1nadequate. a new (greater) 1ntercept
was selected, a oorreSpondlng slope determlned and a new
_tran31tlon matrlx calculated and evalugted;,f

The maxmmum mean dlstance that would have to be moved

by dead anlmals at the rlver margln to compensate for |
*=’lateral transport by drlft was estlmated at between 0 3 and
‘1 0 'm per’ day (Table 16) lee B trlcaudatus larvae would

N
Yhave to ‘move a max1mum mean dlstance of 273 m away from

the rlver margln, dependlng on. the season., Ephemerella ;‘

"1nermls larvae at the rlverbanks would have to travel'

- 6 6 meters. Movements of thls magnltude are probably
-fwell w1th1n the capabllltles of these larvae, prov1ded
' they are able to orlent in a dlrectlon that w1ll carry o

ﬂ.them towards the rlver centre.’

Elllott (1971b) estlmated that Baetls rhodan1 (Plctet) and :

_ [
rEphemerella 1gn1ta (Poda) larvae moved modal dlstances of

i:f6 25 and 4 75 im upstream per day 1n a trough placed w1th1n

- a stream.‘ Although Elllott (l971b) also observed that
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© Table 15&. 'Functlons descplblng estlmated minimum meéan
' ' ; lateral distance that must be travelled to.
compensate for lateral transport by drlft
in model rLyer. .
/

/
S '

7Spé¢iés.‘ AT 'vébhditiéh InterCépt:iSlope7
” §. inermis (May)‘;.,“"f . Live 6.7 7'f0;57_
B. tricaudatus (May) _‘v “ Live,, 2.9 .-0.24
R Dead 0.7 -0.05
‘B. tricaudatus (0ct.)’  Live 2.1 ~0.17
T ’ T+ - . . Dead .- -0.3 ~0.02.
s ;,_ ) o~ (i(
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lateral movements were not as pronounced as were upstream
movements, he. found more animals crawled towards the stream'
centre than towards shore, even though the shoreward fa01ng‘
nets were situated. very close to the river margln. It is-

certalnly poss1ble that orthoklnetlc responses to low

Y

current ve1001ty could result 1n accumulatlon of crawllng

: rheophlllc anlmals in faster water. 'Many studles have ;
1ndlcated lotlc 1nvertebrates becomlng substantlally more K

’ actlve when subgected to reduced current veloc1t1es,' |

: (Edlngton 1965, Elllott 1968a b). Animals in. fast water
tend to become orlented in .an upstream-fa01ng drrectlon
(Weave 1930) so- that llttle lateral change in pOS1t10n

: should ‘occur in these reglons. |

L_ If, in the absence of contrary ev1dence; preferred

‘ mlcrohabltats are deflned as those reglons in whlch anlmals:
are. most abundant durlng stab e flow condltlons, then drlft‘

4 does not by~ 1tself reSult in he malntenanceeof populatlons

w1th1n¢preferred habltats. ? ere-is ldttle change in benthlc

distributionvoftg trlcaudatus larvae durlng perlods of

' normal summer diScharge.. Ephemerella 1nermls larvae become
proportlonately more numerous near shore 1n mldsummer v
(Chapter l),,poss;bly because benthlc movements in this
populatiOn dovnot completely compensate for“drift.f Thus,p
the preferred mlcrohabltat of these populatlons does not
appear to change dramatlcally durlng the summer.

‘ Nevertheless, departure rates of larvae, even: 1n p

?\reglons of max1mum abundance,‘are remarkably hlgh

\
\



'~=‘fUpstream benthlc movements may partlally (Blshop and Hynes'
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Laboratory experiments suggest this isvunlikely the result
of density—dependent interactions. Departure from the fast- -
water habitat may be-largely the result of predator aCtivity‘
| (Corkum and Pointing 1979, Corkum and Clifford 1980} |
Peckarsky 1980b Walton 1980D) or local deﬁletlon. of
certaln food resources such as dlatoms (Hlldebrand 1974
Keller 19?6 Bohle 1978), or both. Drlftlng anlmals are probably
'1ncapab1e of contlnuously monltorlng ‘the substrate over
.Wthh they pass, since the moment of return to the substrate
7«1s 1argely random and dependent on chance contact W1th the
| substrate (Chapter 3) Thus,'anlmals that settle 1n/un—
'.favourable reglons must search over the substrate té flnd :
other favourable areas Relatlvely unldlrectlonal movements
(iyef towards the river centre) may be a more efflclent
means of findtng.these miorohabrtats‘than random searehlng
1‘l (Pyke 1978),’eSPeciallypifltheyftend to'runhparallelnto the
‘river marglns . v“ B - h
The proposed system of drlft and lateral counter- .

Amovement would be- partloularly efficient: 1n mlnlmlzlng
'downstream dlsplacement of anlmals durlng extended-perlods
- of, floodlng. Durlng normal dlscharge condltlons,‘mean |

downstream transport of all live E. ‘inermis and B. trlcaudatus

, larvae-that drift are approximately 15;and 8 m,,respectlvely.

Net downStream displacement of B. »tricaudatus populations;’

.lS subStantlally less, although that of E inermis is not.

-

®

1969, Hultin et al. 1969, Elljott 1971b, Keller 1976, -
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Bird and Hynes 1981) or completely (Lehmann 1967, Marchant
and_Hynes 1981) compensate for this. Durlng perlods of
flooding; however,.current velocity at all p01nts in the
river 1ncreases proportlonately to the increase in dlscharge
Both 'the change (Butz 19%3, Ciborowski et al. 1977) and the
absolute 1ncrease in current veloc1ty (Madsen 1968,
7,Anderson and Lehmkuhl 1968) result in increased ("catastrophio") '
.drlft and 1nh1b1t upstream movement (Elllott 1971b)
4Be51des belng more prone to dlslodgement, anlmals W1ll
' requlre greater dlstances to’ settle. The 1ncreased
llnoldence of drlft W1ll result in a greater net transport
]Qf 1nd1v1duals towards the river margins as well as~1ncreased"
downstreamétravel._ Thus, subsequent’erosion'of‘animals. ‘
from'their:points of return to thehSubstrate will produce
relatively smaller downstream‘displacement;‘ As | long as
the er051onal 1nf1uence of the flood 1nh1b1ts countermove—zb
‘ments,'each dlslodgement W1ll result in further transport
closer to shore together W1th a reductlon in the- downstream
dlstance travelled. The net effect on populatlons would be
- to produce greater_abundance of 1nd1v1duals near shore and
'reduced numbersvat the stream centre. Suchlchanges in
distributionvoccur for both populatlons durlng floods in-
the.Pembivna River. Lehmkuhl and Anderson (1972) observed -
similar‘effects in an Oregon stream during flood events.

: Subsequent decllnes in dlscharge would agaln permlt
access to the rlver centre, and benthlc movements would.

i result in rapld,return of-1ndividuals'tb‘ﬂpreferred" regions;i N
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Drift and benthic mbvément are both integral'parts of

such a'redistribution<system. 'forvthis reason, one would
'Aexpect.onlytthose organisms capable of'free—ranging benthic,
movement to exhibit a high'propensity to drift. - Indeed,
relatively sedentary taxa such as Chironomidae and‘cyclorrhaphan
Dlptera do not -as a rule, con51stently drift in as great o
‘proportlons as do more actlve anlmals such as Ephemeroptera

and amphlpods (Waters 19?2 Adamus and Gaufin 1976) )

.The drlft model 1mplles another ecologlcally 1mportant |
aspect of drlft the very hlgh turnover of 1nd1v1duals that
must occur throughout the river. If 50 percent of” the"
_'anlmals depart from a reglon each day, the average res1dence ’
time of an 1nd1v1dual is Z-days.f Benthic movements of \
;anlmals may produce either a return of some anlmals or
a loss of others. Townsend and/Hlldrew (19?6) reported
a dally turnover rate of 3.6 percent for the entire fauna
of a small stream, but as hlgh as 43 percent for actlve
taxa prone. to drlft Sheldon-(197?) calculated daily
_'turnoveriof Baetis (mostly B. bicaudatus Dodds) larvaev

o

at.approximatelv"ZO percent. This compares favourably ‘

with an estimate made. by Elliott‘(197la) of "the daily

dproportlon of Baetls rhodani that drifted w1th1n a rlffle'"
:1n 4 -small Engllsn\stream. Complete recolonlzatlon.of

: denuded substrates by drift-~ actlve spec1es 1n two weeks

or less has been~reported byvaﬂnumber of authors (Waters
l lééh;dUlfstrand et al. 1974;»Khalaf-and Tachet 1977,~Gore. o l’l

1979, Wise and Molles 1979, Shaw and Minshall 1980), and



‘are indicative.of daily turnover rates of at least 20 percent
(see Sheldon 1977) Clearly, such high turnover rates
1ndlcate that 1nd1vxduals ‘are capable of taking rapid
‘advantage of any favourable microhabitat that becomes
avallsble. H

. Although the model's predictions of'the influence.of
drift on dlstrlbutlon of anlmals pertaln prlmarlly to a
jlarge river, the dynamics of transport and countermovement
'should also ge“appllcable to smaller/streams. However, a :
maJor difficulty in direct appllcatlon of the.model to

smaller systems is that mean current veloc1ty is spa01ally

6

',9gane~var1able in smaller streams. Pools and rlffles reflect

changej in lateral current ve1001ty proflle over relatlvely
-short longltudunal dlstances, ‘meanders in the stream result -
_1n changes ln_&he relative pos1t10n of the thalweg, and
minor obstructdons such as boulders and logs can profoundly
interrupt the patternjof;flow. The'result is éhat micro-
habitats'available in;smallp;treams Willktend tO take“on 5
a mosaic pattern.duite.different from the relati;ely homgr
geneous”arrangement on which the}model was based Any u
animals transpOrted dlrectly downstream 1n the water column
‘ of a small stream would be exposed to a number of dlfferent‘
.flow condltlons. The 1nstantaneous settllng rate would
still be a functlon of current ve1001ty, ‘but could vary
conSlderably durlng the course of the drlft eplsode.
Estimates of departure from the substrate would become

-

equally‘complicated as would lateral dispersal determinations.

131
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Determination of departure and settling probabilities

would require detailed mapping of the entire study area

and estlmatlon of changes in distribution for each point

in the reach rather than for parallel transects. Furthermore,
an individual w1th_benthlc movement capabllltleo similar

to those postulated for ahimals‘inrthe Pembina River

would encounter-admuﬂlé?eater variety of microhabitats
during one crawling epi ode than would its couz}grpart in

a lar*erriver. Consequently, one migh%‘expect drift to be

: of relatlvely less 1mportance to populatlono 1n ‘small streams

&
than in ﬁarger rlversﬁ Populatlons from large and from

small lotlc syste% 1yld pOSSlbly develop different behav1oural
tendencies to drlft or to undertake benthic movements.

ﬁk study to test for such differences wbyld have to be

carefully controlled to screen out confoundlng influences

Jsuch as varlatlons in age structure of the populatlons,

as well as’ dlfferences in the phy81cal and biotic btructure

of the two systems. ’

lDrift of E. inermis and B. trlcaudatus larvae 1n the

Pemblna River is of great enough magnitude to produce
profound changes 1n;benth;c mlcrodlstrlbutlon of populafioos
over_short'time inter%als: Short-term stability in distrib-
ution appears to be maintained in spite of, rafﬁer'thaﬁ |
1abecauee of , the high propensity of animals to drift.
IBecause‘drift provides access largely to,slower portions of

the river, benthlc movement i's a necessary co requlslte to

- pr0V1de 1nd1v1duals agcess to all reglons of the lotlc system.i

°
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Internall# or externally medlated changes in(the tendency ..

of 1nd1V1duals elther to drlft or to engage Jnﬂbenfhic'b

lateral movements should result 1n an alteratlbn:cf reg%cns

e

of populatlon concentratlon w1th1n the rlver i An indiViduaiﬂ“

that can rapldly change p051tlon 1n the- rlver mlnlmlzes‘a

. downstream dlsplacement durlng catastrophlc events whlle B
=3 k Tann

at the same tlme max1mlzlng probabllltles of enccunterlng

randomly located resource rlch areas. Thl s 'is clearly _

a strategy sulted to opportunlstlc spe01es.
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i reglons of slow current than from faster wateﬁ~i$h1s 1s

-

'}of reglons of greatest abundance.‘ty

'“do dead larvae.- Because settllng rates of both llve and

~shore.

. 1nsuff1c1ent to counteract the effect of net transpo.f{ff'.

. THESIS DISCUSSION

This study was undertaken to evaluate the role of o

s

'drlft in controlllng larval mlcrodlstrlbutlon of two
L‘mayfly populatlons 1n an Alberta rlver. cI feel that 'éihv'

J»pthere is strong eV1dence that drlft 1s a maJor determlnant

Sy
[

Baetls trlcaudatus and Ephemerella inermis: larvae‘

tuboth exhlblt substantlal levels of drlft 1n ‘the Pemblna '7<"‘31\

f*Rlver, yet dlstrlbutlons of these anlmals vary llttle

3

durlng perlods of stable flow.v Laboratory experlments = ;,. 'xi‘\

‘tsuggest that the tendency to drlft 1s more strongly con—”‘_n-:r‘

- 'trolled by mean current ve1001ty than by concentratlons o

?1yof detrltus in, the substrate or bentth den81ty of con-= ;J:ﬁrfvfi';
‘spec1flcs f lee larvae are more prone to appear 1n the o |

’rgwater column than are dead anlmals, suggestlng that ‘."

_;‘behav1our 1s 1mportant 1n 1n1t1at1ng drlft

lee drlftlng larvae rapldly return to the substrate

.*but tend to become more strongly dlspersed laterally than :

o

,’;dead anlmals are 1nversely related to current ve1001ty,’ f\

lateral transport durlng drlft results 1n anlmals belng

A

-1»most llkely to return to the substrate 1n slow water near

Although llve anlmals are more prone to depart from

s /..

.7«.
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towardsvshore durlng drlft This‘finding‘can onlyvbe°“
w:recon01led W1th fleld observatlons on benthlc dlstrlbutlon
- by concludlng that elther the total proportlon of larvae‘
‘*that drlft 1n the Pemblna Rlver 1s very small, or that p
lateral transport durlng drlft 1s compensated for by 1; ‘@1,}.
ufbenthlc movements of-the anlmals towardsrrlver centref
,thI feel the latter explanatlon is more plauS1ble because4‘
‘iﬁl);hthe amount of drlft normally occurrlng 1n the Pemblnam | ’ (
':;L;Rlver broadly corresponds with or exceeds the levels = i
;I would predlct as a result of laboratory,and_fleld‘,c.' t:bmp¢@}
| experlments,‘-~v‘_a_’ff; ,*vi=~‘_*17,[-”f 'fdj.jafvh; p«lfj,f |
;ff::B)‘dfloodlng, Whlch wouldvbe expected to 1nduce 1ncreased_h7
| ‘ilevels of drlft and to 1mpede anlmals benthlc move—7‘a
;“fﬁments, produces a. decrease in benthlc dens1t1es at S
‘vfthe rlver centre and an- 1ncrease at the marglns, ri; i
vﬁf3),’the only magor shlft in populatlon mlcrodlstrlbutlon ;ﬁ:
‘htnobserved 1n the fleld durlng perlods of stable flow :
“con51sted of an’ 1ncrease in. abundance at stream v
centre concurrently W1th a decrease at the marglns,
'Jmat 2 tlmemwhen drlft of anlmals W1th1n all reglons )
was neglrglble | " ” g
» Drlitlng anlmals w~th poor sW1mm1ng abllltles (1 e.‘b
t"capaﬁdlltles equlvalent to those of dead organ1Sms (seev"
',pElllott 1971a)) are transported relatlvely long dlstancesva;b
’ Géownstream, but shoreward lateral transport is mlnlmlzed

LAy

»In contrast anlmals that are capable of rapld return to

q:the substrate (e g. B.otrlcaudatusgiad E. 1nermls larvae)

P4
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'b mlnlmlze downstream dlsplacement but arevmore susceptlble
to transport towards stream marglns. Thus, rheophlllc
anlmals that. drlft, whether rapld settlers or not, can
be transported to reglons of unfavourable current ve1001ty
| ThlS is- clearly of greater 1mportance to anlmals w1th poor:

locomotory abllltles, Wthh could not leave such reglons ;

”except_by'fur’ ﬁrift,‘ Consequently, one mlght expect
¢ NN G l

’- ,drlft to be le%v> rehalent among relatlvely sedentary

organlsms than among 1nd1v1duals W1th well developed

(

' "crawllng ablllt1881 e

Drlft and Populatlon Regulatlon

The prevalllng v1ew of the ecologlcal s1gn1flcan%7

: of drlft 1s that 1t serves as a means of populatlon regulatlon.fi

Muller (1954 19?3, 1974) and Waters (1961 1965, 1972)

both suggest that appearance of hlgh numbers of organlsms'ﬁ
’"vln the drlft results from competltlon for food and/or space-h'
1n the’substrate. Muller proposes that an: 1mportant %
aux1lllary functlon of drlft is dlspersal of 1nd1v1duals
to dOWnstream reaches (dlstrlbutlonal drlft), Wthh requlres o
compensatory upstream movement of adults prlor to OVl-\*
pos1t1oi., In COntrast Waters feels that drlftlng organlsmse»_7
V“y»s1mply represent excess productlon and that most 1nd1v1duals K;)
that drlft could be lost from the system._ Both authors B
7iv1ew drlft as prlmarlly' a dens1ty-dependent phenomenon,’~

but have not elaborated on the nature of competltlon that |

mlght 1nduce~1nd1v1duals to depart from the substrate."
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»There is evidenoeuthat both interference7and‘erploitive
'vcompetition oCCur'in‘stream systems‘and can result in'drift;’.-
| Several recent studles have descrlbed aggress1ve'.:
*1nteractlons among space dependent tube dwelllng or -
‘;fllter feedlng organisms. Hart (1982) and McAullffe .
'5(1982) have found that Hydroptllldae (Trlchoptera) larvae"
riactlvely exclude other organlsms from the 1mmed1ate el

: . 'Yy"
“v1c1n1ty of thelr cases., Wlley and Kohler (1981) and
>

'”: Hardlng and Colbo (1981) reported 31m11ar 1nteractlons

' ,the benthlc populatlon and Suggested thls resulted from

: between black fly larvae.. Glass and BovbJerg (1969)
’rhand Hlldrew and-Townsend (1980).presented ev1dence of ’_"'
vhaggress1ve behaV1our between net splnnlng caddlsfly larvae.

‘h”These 1nteractlons ooca81onally result 1n departure 1ntov557’

~ 1the water column (Wlley and Kohler 1981) velther as the
"hresult of actlve sw1mm1ng movements or because 1ncreased"
act1V1ty results 1n eros1on of 1nd;v1duals (Hlldrewvand
vTownsend 1980) i 4 | >

o Stelne (1972) and Gyselman (1980) noted that mean

'51ze of drlftlng Ephemeroptera was smaller than that of -

ilcompetltlve 1nteractlons However, the few observatlons

that have been made on behav1oural 1nteractlons between'

mayflles 1nd1cate that 1ntraSpe01flc encounters produce
ddshort dlstance crawllng movements but not drlft (Corkum »
f1976 1978a Wlley and Kohler 1981) ThuSq 1nterference'pvg‘

: wcompetltlon may or may not be a determlnant of the magnltude

‘vof drlft of mayfly populatlons. -



‘_My.experiments’od'the,influence,offbenthic density'on

departure*rates‘of‘§{~inermls‘and B. tricaudatusilarVae

138

suggestfthat'interference‘competition,is'relatively]unimportant.

least in relatlon to the 1nfluence

in thesefbopulations, at
'of current veloc1ty on
w1th those of other cont‘olled studles on the relatlonshlp
;,between drlft and benthl
l.;1976 Bohle 1978 Corkum 1 78a)

In general holometabol us | 1nsects, whlch in many

1
|

'}jcases have poor benthlc loco otory abllltles and rely

-gon~relat1vely restrlcted feed'ng 51tes, may be more prone

'tofdrift'as a consequence of. 'ntraspec1f1c 1nteractlons

‘thanfhen1metabolous 1nsects o) vcrustaceans, whlch are
’ capable-of‘free—ranglng foraglqg behaviour.

oDriftlng holometabolous insects have poor settllng

'_ablllty and generally behave 81hllarly to dead anlmals

t(Elllott 1971a) : Recurrent drlft of these organlsms will

o result In 51gn1flcant downstream dlsplacement.. If settllngr

- ocCurS' n-an unfavourable reg'on, the only means of removal

is by £ rther drlft whlch in therlong run,‘ls counter— |

ll product ve.o In thls sens%, d 1ft of these organlsms is
i‘con81stTnt w1th Waters hypot eS1s..”' _ h o
Although drlft of hlghly;motlle anlmals may not be .

. I
a prlmary response to 1ntras
] \

e01F10 1nteract10ns,
g exp101t1Ve competltlon couldv

proPuce 1ncreased levels of

departure from the substrate

i~

. Dilft often 1ncreases when

,V‘h;gh quallty~food (e.g. periphytén) is in- llmlted supply'

'1ft. These flndlngs are con81stent

den81ty (Hlldebrand 1974 Keller :
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(Hildebrand. "1,974',-_,1_'<é,1_1er“ 1976, Bohle 1978). Hart (1981)

";suggested that grazing pressurevof the caddisfly

Dicosmoecus gllv1pes Hagen is severe enough to make food

a llmltlng resource for these anlmals. In such cases,-drlft

could regulate mlcrohabltat dens1t1es even though 1t is not

: a prox1mal response to the presence of other 1nd1v1duals.:'

V-The frequency W1th Wthh this occurs in lotlc systems 1s S

unknown Blshop and Hynes (1969a) suggested that phy31cal

f‘perturbatlons of the river" and predatlon ‘may malntaln

2

B dens1t1eS'ofvan1mals below levels at whlch food may become_

llmltlng : .
. o o

Drlft of E 1nermls and B trlcaudatus larvae was

unrelated to detrltal concentratlon in my laboratory studles,v

even though fleld populatlon dens1t1es were correlated with

_detrltus levels.; Although T did not test for a relatlonshlp
‘between perlphyton abundance and drlft,kany such relation—

i shlp should not grossly affect the results of the drlft

ta.model.’ Nocturnal drlft of both populatlons was related

gto mean current ve1001ty, ‘maximal departure occurred at ,»ff

, lowest ve1001t1es. Because perlphyton abundance in rlvers

tends to be. greater at hlgher urrent veloc1t1es (see.

",Horner and Welch 1981), any drl t response to perlphyton

should parallel responses to current.

‘Drift and Foraglng =

Both the dlstrlbutlonal drlft and excess productlon

‘vhypotheses consmder.drlft.as a;populatlon phenomenon and_
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as5001ate dr;ft W1th permanent removal of larvae from
the 1mmed1ate mlcrohabltat (Gyselman 1980) ThlS may
be,valld for sedentary organlsms,-but.my data_suggest
that,drifting'larVae;are'nOt transported longvdistances;
jnland the animals may'be able:to maintain their.posltiont

_in the substrate through benthlc movements If motile"

Lorganlsms are- oapable of such compensatory benthlc move-
ment, 1t is unclear why they should drlft. Drlft is an
denergy fflClent means of transport as compared to crawl-
;_1ng, butyif an anlmal drlfts, it must. subsequently expend ‘V
an equlv lent amount of energy to return to its orlglnal S xb :
afiomparable p051tlon in the rlver. A rheophlllc |
;‘anlmal would beneflt by exhlbltlng an orthoklnetlc response

’to current ve1001ty whether or not 1t regularly engaged o

jln drlft 'J' pmé~j' - |
Benthlc movement is also a more eff1c1ent means of

foraglng over the substrate than 1s drlft, 51nce a crawl-

",1ng anlmal can contlnuously sample substrate condltlons,

e

= whereas a drlftlng anlmal can probably only monltor the
vvp01nt at whlch 1t settles. Clearly, drift can only “be
advantageous to those. anlmals capable of crawllng when
benthlc movement’elther becomes energetlcally too costly

or 1nvolves a greater rlsk of.predatlon than_does drift.

| There is strong ev1dence that crg ling animals will
drlft when in the v1c1n1ty of 1nvertebrate predators (Corkum

and Pointing 1979, Corkum and\Cl;fford 1980, Peckarsky'

- 1980b, Walton1980b), yet E. inermis and B. tricaudatus
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4
larvaeffrequently drift‘even when predators are not present.
| One means of examining_the advantage of drift is to
initially,cons{derban active benthic-animal that would
not nOrmallylengage.in drift behaviour;‘ Such’an'organism _
shouldtremain within'any4microhabitat-that offers a;
: current veloc1ty w1th1n 'its zone of preference and ‘an-
adequate feod supply, and should drlft only if encountered
by-a predator. A change in current reglme or food avall—
:1b111ty W1ll requlre movement to a new’: mlcrohabltat.
Presumably. thls movement w1ll occur at\nlght to mln;mize
exposure to- V1sually feedlng predators (Ailan 1§78‘v'_
’Corkum and Cllfford 1980) The force of the current w1ll
tend to orlent the an1ma1 upstream so that most move-
ments w1ll carry it agalnst the current (Neave 1930) and
poss1bly 1nto faster flow1ng reglons, towards the rlver

:centre Movement should contlnuevuntll the anlmal .'

'yencounters a-new mlcrohabltat with adequate resources.

" The an1mal may be unsuccessful 1n its search for a number -

of reasons: , 4 7

‘1)‘bfavourable'regions may be in short supply;

2)‘ the dlmen81ons of the mlcrohabltat may exceed the
vanlmal s mov1ng abllltles, M

3)_ there may ‘be a. tlme llmlt to the duratlon of crawl-
.1ng movement% dlctated elther'by the-anlmal s energy .
reserves or by the length of the nlght _

4);;the anlmal may reach the upstream edge of the habltat

(the head of a riffle or the margin of a large stone).
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A crawllng anlmal that has been unsuccesSful in
. finding a suitable mlcrohabltat must either. remaln at its
endpoint,(oases 1,'2‘and 3) or perhaps retrace its path
| (case L). "Both possLbilities entail—anvinefficient use
of time or energy, or both.. Alternatively, the'organism"
| mlght drlft There may be only a small probablllty of }
settling W1th1n a favoﬁ&able area, but drlftlng would
"requlre a mrprmum further expendlture of energy and- Wlll
prov1de another opportunlty for “the anlmal to termlnate
'1tssearch.w1th1n a sultable mlcrohabltat Whether the
.flnal resting. p081t10n of the anlmal subsequent to drlftlng
v1s upstream or downstream, ‘and centreward or shoreward, of
dlts pos1t10n prior to searchlng w1ll depend on .the dlstance
prev1ously moved over the substrate, the settllng ablllty
;of-the animal and on the current velocity at the p01nt from
'Whlch drlft occurs. o | h A
| Many authors have noted a correlatlon between benthic S
_activity and drift (Chaston 1968 Elllott 1968b Blshop
‘1969, Waters 1972, Plosky and Brown 1980 Hildrew and
Townsend 1980) -and have postulated that drlft represents
leslodgement of actlve anlmals However Corkum (1978b)
suggested that even though both benthlc act1V1ty and drift
are maximal at nlght nocturnal peaks 1n the two behaV1ours‘
'do not generally correspond - thus, drlft and benthlc act1v1ty
‘should p0881b1y be regarded as 1ndependent phenomena
If drift. does represent an- 1ndependent behavlour that

follows unsuccessful,benthic searchlng,_one would‘expect

3
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vnocturnal drift max1ma to lag behlnd peaks of benthic
act1v1ty - The few studles that compare drift- and benthic
activity perlodlcltles suggest that drlft peaks are equally

likely to “precede as to follow perlods of greatest a¢t1v1ty
(Chaston 1968 Elliott 1968b) Thqu although the V1ew.

'\n'of drift as an. adJunct to foraging ‘behaviour suggests

xa.mechanlsm for the 1n1t1al evolution of active transport
in the water column, 1ts temporal relatlonshlp with benth1Cx

movement does not- appear to have been malntalned

Future Work

: My 1nterpretat10n of ‘the 1nfluence of drlft on
'zdlstrlbutlon of mayflles (and other motlle taxa) relles
heav1ly on the assumptlon that these organlsms are
‘capable of substantlal upstream and lateral benthlc movementu
Clearly, this must be adequately tested before the»model
ris accepted as viable.- - |

Monltorlng of benthlc movement of aquatlc 1nvertebrates

is dlfflcult becauSe the organlsms are small, cryptic, SN
and predomlnantly nlght actlve. The,flow1ng—water"medium
1tself hinders: dlrect observatlon. Workers who have
_ attempted to study benthic movements by means of traps;
‘placed within rivers (Blshop and Hynes 1969b Elllott 19710,
B ro and Hynes 1981) have found the movements to be of |
_smaller magnltude than drlft. However, a shortcomlng of

these traps is that anlmals crawllng into them are also

able to crawl_or drift out. More efficient trap de51gn
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would alleviate this problem but would still only produce

data on numbers of animals moving, not on distances travelledhi'
by individuals. o 4 | | K
v Other authors have attempted to use mark- recapture

'[ technlques to study movements (Harkér 1953b, Brusven 1970
Gallepp and Hasler 1975, Hart and Resh 1980), but such
methods .are limlted by the potentlal effects of handling,
the large size of;populat;ons, and an inability to establish
~ whether final position has been achieved through benthic
nmovement drift orpsome combination of the two .

) The use of artlflclal streams to monltor movements

- of individual animals can prov1de some =z - Lmates of move-

ments (Ellio‘tt 1968b, Corkum 1976), but if anlmals ‘do

[ . :
'g

~ indeed move to the extent suggested by the drlft model.
vdthen»most laboratory streams would be too small to permlt |
1nd1v1duals unrestralned movement |
| Perhaps the 51mplest and most conclu31ve test of the
.model and its assumptlons would be to impede drlft or
: benthic_movementvin the field-and‘to measure whether,
- predicted changes in distfibution actuallymoccur" Benthic
‘.movement would seem to be more eas1ly restrlcted than would
drlft.' ThlS might be accompllshed by partltlonlng a sample_'
site lbngltudlnally with slats embedded in the substrate =
’to restrlct lateral benthlc movement but still permat
,lateral access to each reglon by drift. T

My model predlcts that such a partltlonlng should

produce an increase 1n4denS1t1es near shore and a decrease
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at the centre, proﬁided'the partitione;are long enough to -

prevent animals from orawling'around'themends.v This would

[N
e

notAnecessarily establish whether or‘nof longitudinal
'displacement of pobuiafions occurs, but it would be a

measure of the ihfluence(of lateral movement and transport
onimaintenance“of distrigution. By conductihg‘the experiment
atjsitee with differing lateral slopes. one could dlso. test
the_premise_that increases in;dehsityvnear’shore‘should be
more.marked wheré.depth and current velocity increase:

rapldly W1th dlstance from the margin than where there

is: a more gradual change in these features.

1

My study’suggests that~g. 1nermls .and B. trloaudatus

~

larvae in the'Pembina River are not statlc organlsms,'but

=

have the potentlal for W1de ranglng and rapld movement

throughout the lotlc system The. volumlnous l terature on

drift of other;taxa indicateS’that thls*ls pro ab
anﬁisolated case. My data also show:. that hélth ughe
/current ve1001ty is

of these organlsms,'

X

are studylng to better understand pop'l?tion dynamlcs of

lotic taxa.r
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[0] Q«MMATRIX B;I;INSERT

(1] T«Q+«SUSPENDED«(26 26)p0

[2] M«((112)-0.5), (8p12),(11 9 753 1)

(3] I#B1]

[u] "GENERAL SETTLING RATE INTERCEPT AND EXPONENT:'

[5) INT1<0

[6] R«INT1[11xMxINT1[2] ‘ : ,

[7] 'DISPERSION PARAMETERS: : j
(8] T«GENPROB [ ' .

- [9] (' ')
[10] (v S B
[11] (¥*RELEASE POINT '),(¥I)
- [12] INSERT+«NRNORM . ’ : ,
[(13] Q[I;]1«26+INSERT , o : .
- [14] SUSPENDED[I;]+ 264+INSERT ‘
[15] SUSPENDED[I;Il+4 ROUND(SUSPENDED[I; I}+(1 (*(R[I]x 1)))+R[ID)
[16] I«I+1 g
N %g7] +(Is3[2])/9
. [18]

- Q«EVEN &4 ROUND Q

S

FﬁNéTTON; Calculates. probablllty matrlces K and W, elther for
. x".7 + entire model river or for one or more adJacent tran-
ho7 ‘ 'sects spe01f1ed by user.

- .
N £t

ﬂfIN%UT: 'Ext11n31c Right argument, ftwo element vector
N ' L it {  representing the first and last transects
R a‘{‘g%'j, ' : ‘for Wthh 1nformat10n is desired. !

R
MY

. +Intrinsic: Termlnal w1lL prompt for,
’ © i) a two element vector representing
* intercept and exponent “values that
relate instantaneous settling rate (r)
to distance .from river margin (y).
These correspond to Bl and 85
(Chapter 4).
e . ii) a three element vector representing
T , _ coefficients that relate measure of
SUREE 5y : lateral diffusion (s) to distance . -
from river margin (y). These cor-
. respond to BB’BM and 85 (Chapter ).

“ OUTPUT: . Extrinsic: A 26x26 element matrix correspdnding to 'ﬁ?
' : .+ K. Rows .for which information was not. -
desired will contain only zeros.» :
Intrinsic: A 26x26 element matrix correspondlng to é@»
- '° W. Rows (transects) for which 1nformatlon
' was not desired will contain orily zeros.
Stored as global varigble SUSPENDED. .

'REQUIRED SUBROUTINES: GENPROB, SD, PROB,®NRNORM, ROUND, EVEN
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.. [01 T<GENPROB A3I;X R
(1] Te(26 26)p0 - SR
" [3] X«SD- 4 - . ' L
(4] T[s IJ+PROB((I 0 5) XfI])*’ s
¢E5) I«I+1 SN . DR B
[5] +(1528)/3 LR w; B T AL

) . . E . P

. : a.

VFUNCTIQN Generates a- 26x26 element matrlx, each column of .
RERE 8 which represents a normal probablllty distribution
U with mean. dictated by the position of the column in

N g~_g'; the matrlx -and: standard dev1at1on externally Spe01f1ed.
.9 INPUT: Extr1nsxc nght argument,,a 3 element vector,rf*"~r; ol
':L;-a‘j;f‘; i owcentries of which represent coeff1q1entsvl
o gl 'i.f-x“,[‘u-that relate lateral diffusionmeasure (s)

L = © . .7 to distance from margin of\model river (y).

= These correSpond to 83,84 and 65 (Chapter 4)

AR RISSREN Intrinsie::. None. L , v RS
- QUTPUT: . TEitrinsic:]jA 26x26 element matrlx. Each” column j.
o i e s s an normal probaUlllty distribution,

e o T N0 5, 8) withe entrles.(l.J)\the-‘ S e

y Ll ""‘probablllty ‘of occurrence of a Value L L

‘jvranglng between 3 1 and 3.:._11, R IS

> :g'j]; IntrlnSIE-g None. ol - ch',f~"ﬂ3:._ S e

REQUIRED SUBROUTINES tSD PROB ot o

TN : . . P RN



o 13) [NETJ«At13+4[21+4[31xM[NETJ

Z'[pj“T+SD 4; NET
L1 T*-2690“
[2] NET<1

[4] NET<NET+1
[5] ~(NETs26)/3

. FUNCTION : Calculates estlmates of 5 for ‘each transect of [
S model rlver. EREER T .

. Intrinsic: -~

R A

" outhuz. - Extrinsic:

/;3;,‘ e Intr1n81c.

". REQUIRED SUBROUTINES

HA 26- element vector.‘ ‘Each element
,represents an estlmate of § for the .
.‘correSpondlng transect of model river,
~a’distance of 1'm downstream of ‘a p01nt ;
‘Qof entry 1nto water column '

.None, S

,‘ o e \1’,‘;L
X . ﬁi‘ ‘M X

'leght argument ' a 3 1 emenst,, vqctor,‘, '.r
'entrles of Wthh rep sen}ﬁga,ﬁu and . 85

None.; }ﬁ-

£ . " ‘ - -
¥ ) - .
i, : .
0. W .

\g,‘,,':. iy o

162



S

[0] L«PROB B;C:V; 43F; W

(1] L*ZGDO

163

2] >((B[21s0), B[2]>0)/3 5
‘j‘[3]‘L[(B[1]+0 5)]«1 ‘

(47 :»0

[5] C+ 0.196854 0 115194 0 0003“4 0.019527

- [6]-.V+126-1 .

£7] 4V, V[pV]+1) B[l])*8[2]

[8 ] _‘;:VV*"I 0 -

: [93fF+A[1+pV]

(103
- [11]

[12] L[1]+V[1] ,
{137 > ((p¥)= 21)/18
C 143

L1857 >((pV)<26)/9.
- [161]

@

';FUNCTION:':Generates

 0'and 26,

deNPUT:gifj_Extrineic

aIntrinsic:

QﬁTPﬁT;lgidExtrinS1c

Intr1n81cé

aREQUIRED SUBROUTINESE

B g

LLpV1«V[pV1- VC(pV) lﬂ

’L[26]+L[26]+(1 V[26])

We1-0. 5x(1++/0x(lF)*1u)* oo G
VeV, ((F<0),F2O) /(DL T

s i ] : ( .

a- proﬁablllty dlstrlbutlon bounded by valuesdvf'
from a Specifled mean. and standard dev1at10n.

nght argument, a. two element vector S :
Spe01fy1ng mean and standard dev1atlon.» R

None. '. v N
A 26- element vector, ‘each element jy of - ‘which -
;correSponds to probablllty of occurrence of
~a value between j-1 and j ‘according “to-
’vthe spec1f1ed mean and standard dev1atlon.’

. A\ SRR R : ’ /
,ane, ‘im_ilﬁﬂ ) : B /

None.



OUTPUT:

o

rREQUIRED SUBROUTINES ROUND

o

BOTTOM«BOTTOM+ (REM-NREM)
 SPREAD<T+.xNREM |
DRIFT<DRIFT+SPREAD =
REM<SPREAD
“SPREAD+26p0
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BOTTOM*NRNORM INTRO DIST SPREAD NREM REM; BOTTOM;NET ; SETTLING DRI

DIST+«0 :
-DRIFT+SPREAD+NREM+REM+BOTTOM+26p0
‘REM[IJ«1

DIST«DIST+1
NREM«<REMx (*(Rx"1))

5((+/REM)20.001) /4 -

| BOTTOM<«u ROUND ‘BOTTOM, DRIFT S -
dl(Y'DISTANCE TRAVELLED BY .001: '), (VDIST) :
_ (¥'DISTRIBUTION OF SETTLED ANIMALS. ').(126+BOTTOM)

(¥'TOTAL PROP. " SETTLED: '), (7+/26+BOTTOM)

 (¥'TOTAL PROP. NQT SETTLED: '), (¥(+/REM)). oE R
r(v'REL PROP. ANIMALS CAUGHT IN A DRIFT NETS '), (v (4 ROUND DRIF-

K - : - , ' &

es probablllty vectors K (probablllty that

al 1n1t1ally suspended in~transect i eventually
> fes in transect j) and W. (sums of proportions

_ 4 1mals originally in traﬁsect i that will drift -

y p.ht 4 point on transect 'j before settling). Also
oetermlnes downstream distance by which 0.999 of
-anlmals have returned to, the substratg- ’

_ExtrlnSlc None. _,:

Intrlns;cz Requlres global varlables R (vector of
o " 'instantaneous: settllng rates of animals
~in each transect; generated by MMATRIX)
‘and T (matrix of normal probabllltles
generated by GENPROB) .

| ‘VEX£rinsic;n,A 52 - element vector.- The first 26

. elements represent values of K.. ' The L
last 26 ‘elements represent val es of - .
Weo ! . ) ,

i

“Intrinsic:  Prints: out transect number,.downstream P T

AR . distance by which 0.999 .of animals have . . .« |
‘settled, total prOportlon of “animals that o
‘have and have not- settled at termlnatlon,
_and vectors K and W L

‘\

. /-'—/ .




(0) A<EVEN X:R;V:;I
[1] 4«X

[2] Re+/X

‘V<1-R

C Il

I«I+1 '
+(Is(pV))/5 ;. .

i

N

(3]

L4l : '

(5] ALI;I]«ALT; I]+V[I]
(6] ‘

(71
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FUNCTION:"AdJusts dlagonal elements of a square matrlx such
e %h;that row totals are 1 00.

'INPUTa : Extr1ns1c .

intr1n31c-

::Extrln81c._f

‘,Intrlnélg

Adjusted matrix.

REQUIRED SUBROUTINES “Nome. ' .. -
BTN ' : - B 7
e . "S ) .
R

[o] T«A ROUND B

[’] T«(lo*( 1xA))xLo 5+(B~1 O*A)

i

‘JFUNCTiON!'“Rounds numbers to a glven number of- places rlght of

- the de01mal.

IﬁPﬁTé;gi fExtr;nslc.

'Intrineiééf
'-_OUTPUT;f:f Extrinsic§_
R ’,Intrrn31c

B ?REQUIRED SUBROUTINES

EN

to be rounded.

None.

Rounded Value(s).“"

Ndne.‘

_Left argument, number of places “to rlght
- of ‘decimal desired.

nght argument, value(
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APPENDIX 2 -

\\

MATRICES DESCRIBING SETTLING PROBABILITIES AND
SUMS OF PROPORTIONS OF DRIFTING B. TRICAUDATUS

AND E INERMIS LARVAE IN MODEL RIVER

"‘, e,
i
.g G " i

?nts of two matrlces. "Entries
/probability 'that an animal that

~ i any given, transect (row) settles
in any transect. (coﬁ i)." Entries in ‘lower matrix describe

- sums of- proportlons 1~,a11 animals that depart from a-

" given transect (row) that would pass a point on a glven -

N transect (column).
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APPENDIX 3

TEST RUNS OF DRIFT MODEL USING THEORETICAL DATA




N werezmost abundant at the river~centre (100 indinﬁuals"

. v
;J

s o 7 : 1?“’
Methods

" Behaviour of the‘medel was tested by conducting runs-
in which each component was varied singly while holding
other components constant. The model has three'major
variables, each of which are-direct functionsfef_current
velocity, thus indirect functions of distance from shore.

'Settling rate is negatively'related and lateral dispersal
_(dlffu31on) is. p081t1vely related to dlstance ffom shore.

3

Departure can vary positlvely. negatlvely or 1ndependently\', L
‘of distance frém shore. ! ’

-Individual values of functions for each.transect were

determined u81ng the distance frem shoﬁe of the mldp01nt
of each’ tranSECt. Benthlc den51t1es of animals usedﬁln all-
test runs”appreximated the_benthlc dlstrlbutlon of theitwo

mayfly'populations studied in the Pembiha River. dnimals

m—?). Abundance decllned llnearly to densities of four

animals M‘lelthe transeets=adqacent to riwer m7 glns All ". !

test runs"estimatedidistributions of animalslafﬁerzls days
. - . - : : e "‘/ ’. I .

e ’ : " : 1 iy
- : /
Il

Departure (p) S ,:". P ' { ‘/f";', } I-

Rate of Departure-- ‘Equal proportlons/ﬁf anlmals depa&ted’
1 from all transects. Departure levels—were set at one of/ [

0.2, 0. 4, 0.6, 0.8 or 1. 0- per 24 hours. Settllng nate (r)

Vo

. |
»and~lateral dlffus10n‘(s) were constant at all transects

wthh values of 0.200 and O 300 resPectlvely

.. > -
. T~ .
o



hicﬂve1001ty, hence dlstance from shore (y) ¥ Equatlons used

L T e e T e
' — - . I

~-..

'hDeparture as’ a i/9ctlon of Dlstance from Shore-— Departure
' rates were made ther pos1t1ve or negatlve llnear functlons

' of dlstance from shore Mlnlmum value was ass1gned as O ok

_iMax1ma 1n separate trlals were O 20 0. 40 0. 60 O 80 or o
'1 OO \uSettllng and d1ffus1on values were constant as',-;‘t_. ‘?u
ﬁolndlcated aboye v; {a’: | | e ; ,}f ‘ll
_'ﬂ,“é‘ 4 “;'_;_3‘,:uj1.‘ S e T *¥tﬁ?1

‘ -

: .S t-t R t | 3 \\ . ”. ; - - IQ -‘ “
| e llng a e L ;\‘ S \ ‘ -
Settllng rate normally varles 1nversely W1th current LAl

.( S /. v.‘ . . ctv."i
fﬁVto calculate values of r for the model rlver were;'

r= rsiis%??“‘ o f7 o s"ou_th;mar.gin.jy%,l-_z"j)j_‘ el

=l

S e .Bi(aiz)‘f,g.-z-,_ . (river centre, y>12) .

gL

L

'B}(Zyxgg'f_.v5r(northfmargin,gy<¥§01va SRR

"mtharylng the Intercept (B ) The 1ntercept of the above

\

?sfunctlons 1s a’ measure of anlmalsf>ab111ty to settle at ‘
:all transects across the rlver When Bl is large, anlmals.,v.‘
h;settle over short downstream dlstances. As 81 decreases,hv' ;dp7yfw‘

h-}anlmals settle at 1ncrea51ngly greater dlstances downstream k’”' .

'fﬁfrom thelr p01nt of entry 1nto the water column Intercept{f

,,qjvalues (B ) were set at elther O 50, O 75,< ‘ 1 25 1 75;;-w

”f;for 2. OO. The exponent (B ) was a881gned a value of -1 60

Aufor all trlals. Lateral dlffus1on ( ) was constant W1th

«ia value of 0 300 for all transects. Departure rates were

'jfelther pos1t1ve range 0. 04 —-1 OO), negatlve (range O Oh\—ﬁ-

’:ai OO) or 1ndepende t (O 50) functlons of d;stance from shoreh‘h;
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Varylng the Exponent (Bz)-—; The exponent of the‘above 117{4 o .‘ﬁﬂ

TunctlonSiIF a measure oi\the rate of change of settllng ;e;
n;rate (r) across the rlver._ When the exponent has a large},:‘

i”negatlve value, anlmals at the rivep centf% travel much

greater dlstances downstream_before returnlng to the sub—”'

Tz-estrate than do anlmals at the marglns. < When the exponent(l
v_has a small negatrve~v&£ue~~the dlfferen;es in downstreamseiz,
-ffdlstaﬁce tr\velled from dlfferent portlons of the rlver
, s;are mlnlmlzed EXponent values (3 ) were set at elther ;;.;n ;
,,-_.-",_o 600,;—0 800,2-1 oo, _1 ’200, _1 400 or &1 6oo._ P {
,flntercept (B ) was aSS1gned a value of 1 OO for all trlals._vuu_ -

Lateral dlffu81on values (s) were constant across the rlver.
¢ : \ /o

w1th a value of 04 300.: Departure raﬁgﬁguePetadgusted as ;foFﬁ”
'7f1nd1cated above.:;F;;f?%“\ff/’/// 2 | |

"‘Lateral lefu81on (s)

Lateral dlffu31on rate (s) varles W1th both the '\
o e _
*ajdlstanoe that suspended anlmals have been transported down-'“”

Vgistream (x) and current veloc1ty, hence dlstance from shore (y)

s -8y 84X ¥ BSy | ?;~7'_: S5

fBecause the model determlnes valuec of s at dem downs tream e

',1ntervals, the above equatlon reduces to .Jf= - i[}s@,f ;o

S L | .

S R S ok
: s 33 + 34(1) ‘_&+ s5y . e
& = <33 - 34> + e5y .f_vf o o



' downstream, and there ;s no latefal transport.; Intercept

“iidlspersed than anlmals at the rlver marglns. As the lepe tg}
7ﬂpapproaches zero, dlspersal at all p01nts in the rlver L

'7becomes equlvalent //

~ T e ‘1757‘__‘
: : i T e sy - C
The series of equatlons used to determlne values of g for
all ¢ransects in the model rlver ‘was ‘_ SRR
vs;e.§35_+ BA) +'§éy;“ | (south.margln,.y<12)é :t#ﬁ

.

/
0
|

=(8y + 8) +85(12) - (river centre, y»12)

’_7(Bf~% Q&);tfﬁ?k2y>‘ (ﬁorth.margin,_y<16)ﬁ

"'4/ . . el

:‘m‘.
1

VarYlng ﬁhe Intercept (834'84)—_' The lntercept Of these
functlons isa measure of the anlmals' tendency to become, .'f:kf

laterally dlspersed at all transects.' When the 1ntercept5
e : i ) :
xs large, anlmals become w1dely dlspersed.» As the 1nter—w~ije“'

cept approaches Zero. all anlmals are transported dlrectly Hrﬂ_“ .

values (B + 34) were set at elther O 100, O 200,_0 300, :
O 400,«0 800\or 1 OOQ The slope (B ) was set at zero.,».'

Settllng rate was constant._w1th a value of O 200 for all

: 1

transects.~ Departure rates were elther pos1t1ve (range
0 ol - 1 OO), negatlve (range 0. 04 - 1 OO) or 1ndependent

(O 50) functlons of dlstance from shore.;-'y - }h}_fi\'

Varylng the Slope (85)——‘ The slope of the lateral

tf dlffus1on functlon is- a measure of the rate of change of

o b
. \lateral dlspersal across the rlver.- When the slope (B )

e

cis large, anlmals at the rlver centre become more w1dely

\\ : B E

The lntercept and slope of'the functlons were adgusted

. o’ -
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to produce lateral d1ffus10n levels of zero ‘at - the river margln
‘transects and to allow max1mum lateral dlspersal values of

0. 25, 0. 50 O 75, 1. OO or71-25 Settllng ratev(r) was

(AW
o constant at all transects w1th a value of 0. 200 Departure
rates were adJusted as 1ndlcated above.

e \ 3 ) [

‘:Resultse;
Influence of Departure Rate | ‘ |
When both settllng rates and lateral\dlffus1on were |
':held constant the dlstrlbutlon of anlmals after 15 days o

&

'..was determlned by the 81gn of the relatlonshlp between ';l_-f

'_:,departure and dlstance from shere#(Flg.'29) When de-

’;parture was a pos1tave functlon of dlstance from shore,"

.“den51t1es at the rlver centre became reduced and dens1t1es e

"flncreased evenly at all other transects.; When departure Wd
-‘was negat1Vely related to dlstance from shore,vdens1t1es

’.1ncreased both at the rrver centre and 1n the transects

P

o 1closest to shore.' Den81t1es near marglns 1ncreased because -

";anlmals drlftlnﬁ to- the rlver edges were placed on - the .
1’substrate rather than belng reflected back to the rlver

@centre.a-f_¢,'_i e »;vn__, {“_ v |
_ T e e T _ : L

Ihcrea81ng the max1mum proportlon of anlmale departlng lr

aresulted 1n more pronounced changes 1n dlstrlbutlon after ;;p

:3115 days.- However, the relatlonshlp was not llnear Each

0. 200 1ncrease 1n max1mum departure rate produced a pro—_? SO

_”portlonately smaller change 1n dlstrlbutlon.;ﬂ
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50}

TR AR A
‘ Dustance From' Bank m S

Flgure 29 Effect of varylng dally proportlon of anlmals de-
: _partlng, on benthic: dlstrlbutlon after 15 days;: settllng
. and diffusion parameters constant. Top, departure

“increases with increasing mean current velocitys: centre,

(departure independent of mean current ve1001ty, bottom,
;:departure decreases with increasing mean current velo-

: _01tyf ‘Lines-most deviant. in each flgure are those with-
tghlghest max1ma1 departure rates

~)

0
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AInfluence of Settllng Rate | | | B _”‘ i .

' The 1nfluence of varying- both ‘the 1ntercept and -
.the exponent of the settllng rate functlons was to
‘accelerate changes in dlstrlbutlon, Wthh were determlned
by relatlve departure rates. Small 1ntercept Values (Flg.h
’30) and large negatlve exponent values (Flg 31) each
‘produced 1ncreas1ngly marked changes in the dlstrlbutlons

o

»after 15 days. - R R h o ‘b'k

Influerice of Difquion_Rate?'
‘When the relationship between lateral diffusion and
»distance from shore was constant{ high'diffusion'rates

. resulted in more'rapid changes in-distribution thanidid '

'.lOW'rates; The reglon of concentratlon of anlmals was

(g .
,\ [T
5 w

',dependent on the relatlonshlp betwaen departure rate. and

dlstance from shore (Flg 32) Llnear 1ncrements in the

‘dlffu81on values produced exponentlal ohanges in the

¢

_dlstrlbutlon of anlmals after 15 days.

Increas1ng the slope of the functlons relatlng

-

180

/lateral dlffu81on to dlstance from shore produced 1ncreas1ngly‘d

fmarked dlfferences 1n dlstrlbutlon after 15 days (Flg 33).

’74.An1mals became 1ncrea81ngly abundant ‘near rlver marglnsv

; as slopes became greater regardless of - the relatlonshlp
:ibetween departure and dlstance from shore, although when
;departure'was negatlvely related to dlstance from" shore,:

jsome 1ncrease in. den51ty at the river - centre was also

. eYldEn_'t. :, R

d?
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Flgure 30.. Effect of varylng 1ntercept of . qettllng rate - _

. - function on benthic distribution of animals after 15

W ,days.j'settllng exponenu and lateral diffusion parameters

‘ '~ -.constant. Top. centre and bottom figures as descrlbed in

Fig. 29. Lines most dev1ant in each figuxe are those o
with lowest settling rate: functlon'iQEis§bpts. L

] g | . Con
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re 31. Effecf of varying exponént of Settlihg rafe
function on benthic distribution of .animals after 15

days; settling intercept "and lateral diitusion para--
meters constant. Top, cerivore and bottom figures as

‘described in Fig. 29.. Lines most deviant in each
-figure are those with largest negative settling function.'

exponent values. ' , o
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‘no
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ABEnNﬂchensny,

2 8 10 14 18, 22 28

Distance Fror'n‘ Bank,- m

Flgure 32. Effect of varylng 1ntercept of lateral dlffu81on

, function on benthic distribution of animals after 15 days;
lateral diffusion slope and settllng rate parameters.
constant. 'Top, gentre and bottom figures as described
in'Fig. 29. Lines most deviant have 1argest 1ateral

»dlffu51on functlon 1ntercepts.
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e 33. Effect of varying slope of lateral diffusion
function on benthic distribution after 15 days; lateral

184

diffusion intercept and settling rate parameters constant.

Top, cen*re and bottom figures as described in Fig. 29.
Lines most deviant havelargeSt;ateral diffusion function

slopes. - ' :

L@ L
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v : Synopsis

Departure, settling and lateral diffusion all appear
to be integral in determining the benthic distribution of
animals in the model river. Whether or not animals become
concentrated at the river centre depends.on the sign of the
'relationship betWeen departure'rate and distance from shore.
Wnen'a'greater propcrtlon of animals depart from shoreward>
areas than frdm the centre,lpopulatlons will increase at
the centre.’ When departure proportions are greatest at
-the centre, populations’ w1ll beCome most concentrated at
the margins. The process of redlstrlbutlon is accelerated
whenvanimals have consistently low settllng rates or.
consistently high lateralidiﬁfusion values, or both.
Increasing the dlfference in. settling.rateslbetween river
‘margln and centre also accelerates the rate of redistribution.
The degree of change of the lateral dlffus1on values from
-rlver margln to centre is of crltlcal 1mportance to
eventual benthlc distribution. If values of this parameter
are~very small at either river margin, it is inevitable o
‘vthat the correspbndlng transect will eventually collect
‘”and retaln all drifting anlmals in the rlver. ThlS is
_because a small lateral dlspersal value can produce an
abSOrbihg Statetin the final transition matrix. Thus,

once an;mals settle in correspondlng transects, the
probabll;ty of thelr transport by drift from these reglons

is zero;‘ In such_cases, varlatlons in departure or

|
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&
settling parameters can only accelerate or retard the

rate of accumulation in these areas.



