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o , ABSTRACT o ‘
' 4
‘ I investigated the colanization of streauin substrates by Ephemeroptera nymphs in

Dyson Creek, Alberta Stream substrates used in my study were of two textures .
' (smooth and rough) and two coiours {dark and Inght) the organisms studied were

| Drune/ /a co/oradens/s (Ephemerelhdae) Heptagenndae (C(,nygmu/a and £ peoms) Baet/s ‘
‘ (Baetndae) and Ameletus (Siphlonurldae) | tested the hypothesns that D eoloradensls
_nymphs and other abundant benthic orgamsms as they increase in snze choose a dark
substrate to.remain cryptnc and a substrate of greater texture to reduce the rtsg of o
being swept from the substrate by the water flow “ )

Colomzatlon by D. co/oradensls nymphs was mvestlgated by separatlng the
immatures into f%r developmental stages. 'Substrates in baskets were retrleved from a
study riffle after 14 day colonization perlods .For all developmental st%ges the '
intoduced rough-dark ,substrate was least preferred and the Dyson 'Creek substrate was
most preferred. 'Howéver, these preferences were, statistically' significant for
intermediate developfnental stages only, | Reduced numbersfof nymphs!0n .the ' | ?
rough dark substrate may be attnbuted to reduced water veloclty and a bulld up of fine
materlal pn the rocks inhibiting ‘colonization. The preference for the Dyson g'eek

\

) .
. substrate is thought to be related tp the small size and increased number of substrate

mtersttces Whlch account for a build up of .detritus in current-protected mterstlces ‘

.For nymphs of developmental stage three, the mtroduced smooth—hght substrate and the4 '

byson Creek substr‘ate were most prefarred but it |s not known why the nymphs chose&

the smooth-llght substrate remive to the smooth-dark substrate since the nymphs

o would be conspncous toa vnsually-foragnhg predator agamst a Ilght-coloured background;

| Colomzatuon was |nvest|gated ‘for the other Ephemeroptera nymphs in Dyson ‘

Creek by makmg durect observatlons on the substrate baskets usmg a glass-bottomed

' b_‘ox. Total gauna {i.e. all of the Ephemeroptera taxa in my study) most preferred the
smooth-llght substrate and Ieast preferred the smooth-dark substrate after a short and

o long colomzatlon penod in general this trend in substrate preference was evadent for .

'r“-‘eachtaxonmtheTotalFaunagroup T

iy



In the second part of my r search, | documented the diel periodicity in densities

ing direct observations the nymphs when they

of Ephemeroptera nymphs tzy
“were on top of the undisturbe Q)?son Creek substraté, Observations were made twice
during a new moon and twice during a full moon; the times of darkness and full daylight

were noted. Other abiotic factors we{e recorded mcludmg incident ||ght percent cI0ud

~cover, water temperature Drift of nymphs was recorded at a later date, ‘The tactors

above were recorded to detertine if they were Lelated to the observed diel periodicity.
In response to the artificial ‘light used for observations at low illumination, Totai
Fauna, élnygmu/a and Baet/s r'i‘ymphs’ were not-found to be negatively phototactic. In.
general, for Total Fauna and each taxon in Dysonr Creek the diel peruoducnty in density |
was similar between moon phases and densities were greater in the dark relative to the
light period. - Small and large size classes of Heptagenudae and Baet/s nymphs showed
trends in diel densi_ty similar:to the trends when the sizes were gonsidered together.
Incident light, vpercent cloud cover, and drift were not found to be r'elatad .to the diel
‘oeriodioity‘ of the,nymphs, Hovs)ever, water 'temperature was positively correlated with
the dehsities of most groups of nymphs These factors and the potentnal effect of

‘ predation and polanzed light are discussed as possnble mechanisms in the diel penodlcnty

in the “density of lmmature aquatlc insects.
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I .. 1 GENERAL IN"I‘RO‘DUCTlON

The colonnzatlon of substrates by benthic macromvertebrates |s important to our

understandlng of the ecology of 'stream invertebrates, because substrate is a major ,

' physical component of a lotic ecosystem Our knowledge of the rates ‘and processes
of colonization and the actual chouce or. preference of substrate type by | ‘

'macromvertebrates has increased greatly lrl.recent years lsee reviews by Rosenberg and‘
R'esh '1982,' Minshall | 1984, Sheldon 1984). S\ubstrate' preference has been studied by
examining the physical characteristics of substrates for example ‘slze‘of substrate
particles, surface area, Substrate shape, and mrcrospatnal complexlty lheterogeneltyl
Other potentlally lmportant characteristics of substrates are texture and colour, and '
these have not been studied in much detall |

' Substrate texture has been studled as gross texture for example, Hart. (1978)
descrlbed a type of spatlal heterogenelty of a substrate as havmg a serles of. grooves
on the surface On a smaller scale mlcro texture may be lmportant for example, by
mcreaslng the abnllty of organisms to hold onto a substrate or as a collectlng mechamsm
fJdr saltating particles from the water column These saltatlng particles may be in the !
form of inorganic and/ or organic matter,: . Mlcro-texture‘has received luttle attention, |
possi.bly' because of the absence of quantitative methods to rr:easure texture,’ \

. Prevnously, texture has been measured qualltatlvely (e.g. Nilsen and Larlmore 1973) or
. seml-quantltatlvely (Erman and Erman 1984) In my study texture was quantlfled uing a

proflle meter that has been developed and used elsewhere (Cllfford et al '
ypreparatlon and see Chapter II) ' U L ‘

" ,@ Colour of substrate has also én suggested to be lmportant to a stream |
‘mvertebrate s chouce of substr?te (e g Hynes 19703) Because most aquatlc B ‘
mvertebrates espec:ally lmmature aquatlc msects are cryptlcally coloured the col0ur of

: the background substrate is probably of cons1derable lmportance for example |n
reducnng predatlon by v»sually feedmg predators lsee Popham 194 ll : ‘

o -A 1 used two methods to: determme the lmportance of mlcro~texture and colour to ‘

olomzatlon by lmmature aquatlc msects The ﬂrst was to use methodology assoclatr d :

wnth the use ol‘ artlflmal substrates, i.e. usmg substrate basket units that could be plared



in the stream bed and sampled at regular mtervals_ Instead of artificial substrates, |
used natural rocks from strearres; these rocks had similar physical characteristics, but
dif fered in the phystcal characteristics to be tested. Natural rocks were chosen
becaese artificial substrates may be selective for particular organisms, and what
c‘:oloni‘zes them may not represent the benthic community, For example, when artificial
substrate and benthic samples are compared in the vseme study, they are often very
different in taxon composition (Rosenberg and Resh 1982). By using the methodology..
associated with artificial substrates, the sampling protocol and substrates {with
iimitations of availibility) were standardisedin the experimental design, The second
method employed was to make direct observations of «colonization by aquatic insects on
the same substrates used in the substrate basket experiment. Direct observations are
more likely to reflect the actual situation on the substrate rather than the disturbence
caused to the substrate, for example, when using-a sampling procedure such as a
quantitative sampler . .

Diel periodicity of aquatic lns‘ect larvee has be;en studied extensively in the last
25 years. Most of the early work in the 18960's Wes associated with the independent
discoveries of diel periodicity in drift.of letlc invertebrates by Tanaka (1960)', Waters
(1962) and Muller (1963), Ma;\y of the later studies attempted to determine whether
drift and the diel density of macromvertebretes were relatad Results usually indicated
that there was no relatlonshlp between drift and ‘density periodicity in the field or in the
laboratory (see Chapter‘ mo |

Studies of diel-periedicity of benthlc invertebrates indicete different results.
For example, some studles of aquatlc insects report increased actlvnty pattern at night,
other studles found 8 decreese at night, and others report nNo changes in activity

between day and mght But comparasons between studies may be hundereq by

dif ferences’ mxmethodology such as benthlc samplers direct observations, and artificial

_ subgtrates ' Also large sampling mtervals were used in several studies, for example

-

‘twd samples per 24 h'period (see Chapter m.

" Recent studies have used direct observations to obtain information on the diel

~ density of aquatic invertebrates (Statzner and Bittner 1983, and see Chapter Ill. |chose

”

“\



.

this method because |t Would appear to have the leést effect on the natural behaviour
anci distribution of organisms on the substrate, My study was désigned to determine
whether a diel periodicity in density of immature aquatic insécts occurred In a stream,
and if so whether this diel periodicity was related to diel periodicity of abiotic factors
and drifting organisms, | attempted to determine thé Import'ance of the abnz)t:c
environment in diel periodicity b); measuting several potentially cmpOr‘tam abiotic factors,
For exémple, moonlight has been suggested to influence drift (see reviews of Hynes
1970b, Waters 1972, Muller 1974); therefore | made observations during new moon

)
and full moon phases, Abiotic and biotic factérs_measured including other possible

mechanisms are discussed in relation to the observed diel density patterns,
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i, COLONIZATION OF ARTIFICIAL SYBSTRATES OF DIFFERENT TEXTURES AND
COLOURS BY EPHEMEROPTERA NYMPHS USING.RETRIEVAL AND DIRECT

’  OBSERVATION TECHNIQUES.

., s ‘ /'/ - : [ , '
\__ A.INTRODUCTION [

N
o ThJere have been many studies on the colonization of freshwater benthic
macroinvertebrates on substrates in lotic environments (see review by\MlnshaIl 1984),
In most studies, artificial substrates have been used simply as a.method of sampling the
benthos, More recent work has concentrated on colonlzation dynamics and specific
physical attrlbutes of the substrates that might affect the preference, or choice, of a
substrate by benthic macroinvertebrates (see reviews by Rosenberg and Resh l982
Minshall 1984, Sheldon 1984). Some of the latter studies have included substrate size'
(8.g, Cummins and Lauff 1969, Rabeni and Minshall 19?7, Shelly 1979, Khalaf and
Tachet 1980 Reice 1980), particie size mlxtures e.g. Wnse and Molles 1969, Williams
1980 Erman and Erman 1984), surface area (e.g. Minshall and Minshall 1977, Khalaf and
Tachet 1980), and substrate shape and miérospatial complexity (e.g, Hart 1978). *
Mlnshall (1984) has extensuvely reviewed recem{ work on the substrate characterlstucs N
thought to be lmportant to organlsm substrate relationships. Other ablotlc factors of
substrates have been suggested to be important to benthic macromvertebrate
" colonization but have received little attention. Ampngst these are SUrfa’ce'roughness (or
texture). (Erman and Er;an 1984) and colour of inorganic substrates. There\has been
some work On Substrate texture of organlc substrates, for example, macrophytes
i (Nilsen and Laritriore 1973/~ Substrate colour has recelved little attention except for
. anec_dotal (e.g, Hynes 1970) or indirect references (e.g. Hughes 1966).
! Surface roughness is a measure of surtace irregularities of substrate pa‘rticle‘s.'
Roughness rnay include rnacroscale or microscale irregularities In my study, !'am
consuclermg the |mportance of micro-texture. Micro-texture is considered to be

|mportant to many benthlc organlsms, for example because the lnvertebrate may attaln a

more secure foothold on a rougher substrate and hence reduce the chance of bamg
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environment for silt and detritus depOSituon
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swept downstream. Differences in tarsi structure and function, of dorsovent\raily

flattened mayfly nymphs may be related to substrate preference (Madsen 1968 Percnval

A

and Whitehead 1929) Ehiott (1967) has suggested that the absence of certa:n unsect

species in the drift may be related to dnfferences%the nymph s ablllty to hold onto %Af

substrate. Also, rough substrates may indirectly affect benthlc organisms by mcreamg ST

' the surface area available for colonuzatlon and by creatnng a more favourable - - 1

. P
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Colour is deflned here as a relative measure of Jark- and light- contrastnhg "

‘substrates and how these contrastmg substrates may be |mportant to colomzetnon by :

benthic organisms. Many immature aquatlc insects are crypt»cally coloured, and this’ te

~ =may be a response to predation preSSure from wsually for-aglng predators (Hutchmson :

1981 Peckarsky 1982, Allan K983 Otto 1984). An orginlsm may reduce predation

by choosmg a suitable background colour on whrcﬁ to forage in the dayhght thereby

potentially reducing predation (Popham 1941, Otto 1984). Popham (194 1) observed a

di_rect relationship betwsen the colour of corixidy and the background colour in the field
and in the laboratory. In the Iaboratory, a fish predator attacked more. cormds that
contrasted with the background colour. As an organism grows it wull be more obvnous
to visually-feeding predators Thus, larger animals would be expected to reduce
predator attacks by choosing a background colour of substrate to remain cryptic. »
The stream bed materlals of the eastern slopes of the Canadian Rocky Modntain
foothills of Alberta provuded an opportunlty to test whether lnsect nymphs could be
making a choice of a partucular substrate type. These stream bed partlcles are dlverse
in their geologncal types they mclude sandstone shale limestones, and conglomerates
. and they are composed of rocks of vanous sizes, shapes textures and colours '
| chose Drunella coloradens;s Dodds (Ephemerellldae Ephemeroptera) as the

pnnclpal study orgamsm because the nymphs are generally cryptlcally coloured with

variable dark mottled marklngs (Dodds 1923, Walley 1930, Allen and Edmunds 1962)

I

The dark colouratnon is usually more evndent on older nymphs ‘Also D. coloradensls is

avallable in large numbers in streams of the Canldran Rocky Mountalns anrn and
Brusven (1970) stated that their darker colour makes the D. coloradensls nymphs

¢ -
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| ,dlfflcult fo’e vusually foragmg predator to see the nymphs on dark rocks
Behavuourally D co/oradensfs nymphs have been cIassnfled as cllngers and sprawlers '
‘ (Cummms et al,, 1984l. ThlS suggests the nymphs are thlgmotactlc and texture may be
' nmportant to the nymphs, - ‘ ‘ - ,
. “ [ tested the hypothesns that as D. co/oradenS/s nymphs and other abundant
benthlc orgamsms mcre’ase in saze they. choose a dark substrate to remam bryptlc and a
» substrate of greater texture to reduce the. rnsk of being swept from the substrate by the *
water flow | used two approaches both mvolvmg substrate baskets. The first was
to count four developmental stages of D. ca/oradens:s nymphs on substrates of
dnfferent texture and colour over a set colonlzatlon pernod ! attempted to standardnse o
the phystcal characterlstlcs of the substrates by takmg measurements of size and |
taxture * Also the sampllng method and envnronment were standardised by placung rock
substrates in wire baskets ina unnform habltat The 'second approach was to make
dlrect observatlons of vanous insect nymphs on the same substrate baskets where the
: nymphs were aIlowed to move between adjacent baskets From these observatlons, b
expected taxa to choose partlcular substrate characterlstncs based on nymphal
morphology and behaviour. |

N

B STUDYSlTE oot . . . ,
The study was conducted in Dyson Craek (50 39N, 114" 38 W), a second : ‘ :
order Alberta stream (rnap scale =1: 50 000) in the eastern foothills of the Canadnan '
Rocky Mountams Dyson Creek nses in alpme vegatatnon on exposed: sandstone
bedrock at about 2,‘100 elevatlon 'lhe stream fiows for sbout 12 km through two o
. T’ .’f‘ mann Iand zones (after AE R 1979) before ;olmng wnth the Sheep Rlver at an elevatlon o |
| .of about 1 ,450 m. The zone above the study site is comprlsed of steep slopes of : |
sandstone overlaun wath shale and till depos|ts. These slopes are: heav:ly forested wutp‘
lodgepole pine (Pmus contortal smaller stands of whute spruce (Picea glauca) and aspen . . ‘\
| (Populus tramuloides) The area downstream and mcludlng the study s;te is mostl; :
: g|ac|al till on Iess stesp slopes The main ve_getatnon' here is Iodgepole pme wajh stanu; . \/



t

»

Jlimestones and shales. These are the predominant bedrock materials of {the area (for

_further details se‘e AENR‘ 1979)

of aspen, V\\/‘illldw (Salix) is common along much of the stream banks, The stream bed :

materials are predominantiy sandstone with*varying amounts,of other rocks inc|uding\

The smdy snte (elevatnon 1555 m) was a slow flowmg riffle Iocated about 200
m downstream from a waterfan pool-riffle-pool series, and upstream froma -
IOQ-dammed pool At the study site the stream flowed in a northeasterly dlrec\on
~ The south bank of the riffle rrses steeply for about 4 m to a flat area of bushes whlte |

spruce and pine. The north bank was level for several metgrs away from the stream

edge ?efore rising steeply - this slope was forested With mainly poplars, There was

little overhanging vegetation along the panks except for some willow on the south bank. =

The study site on Dyson Creek was approxumately 30 m. Iong It was chosen
prnmanly because the substrate at. this site was of a relatlvely umform pebble size (mean
size = 4.7 cm, range =21- 8 2 cm). The substrate at the study site was strtklngly
-different from that found.in the remamder of the stream bed, which was predomlnantly

cobble and pebble {for further details see Gotceltas and Chfford 1984) ! assumed that

current velocity . and depth would vary little spatnelly in the rlfﬂe Mean water velocaty e

aphmean depth in the riffle over the study pernod were 21 3cmstand 1. 9 cm

respectlvely (Flgures -1 and 2) ‘ S S ‘ ;:‘

2

Water terhperature typ|cal|y mcreased after ICB breakup in late Apnl to early May ¥

ch

wunter Ievels by October (Fugure II-3) Dunng the penod from late October toearly {

¥
May the stream was normally lce-covered and water temperature was close to o} C

The mean wudth of the rlffle was 4. 9 m. wnth a range of 3 6 to 6. 6 m; the maxlmum T

wrdth was measured durlng the greatest mean water depth (anure 1= 2) The mean

dnscharge was 0. 21 m’ st wnth a range of 0. 04-0 49 m’ s" (the wndths and duscharges

' were measured'from May through Ju)y 1984) Intermlttent hngh and Iow readlngs of”

water velocnty and depth reflected |ce breakup and snow melt in the upper reaches of
Dyson Creek (anures ll—t and -2) urbldlty was low except durmg the sprmg runoff
Throughout 1983 to 1984 there was no major dnsturbance to the stream s substrate

[

‘ Maxumum water temperatures were in Iate summer temperatures then decreased to e

to

et
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€. MATERIALS AND METHODS

‘ Substrate Basket Experlment

- . o . . \

The expenmental design included four types of substrate a smooth dark (SD)

' substrate a smooth llgh SL) substrate a\rough ~dark (RD) substrate and the substrate
from Dyson Creek (DC) “The flrst three substrates were collected from local streams
where the desnred substrates were more abundant than in Dyson Creek I'chose the
substrates based on thelr mineral composltlon size, shape and. col0ur Mineral
composmon of substrates was used because this would determine textural dlfferences
' between the substrates (see below) ‘The SD substrate was a black Iimestone tne St

i

substrate was a white limestone, the RD substrate was a dark olive- green sandstone and
the l;C substrate was made up of the larger partucles at the study slte Wthh was a
predomlnantly dark coloured mlxture The size of the substrates was determlned by
measurlng the maximum and mlnlmum lengths through the central pomt of each rock and
the diagonal length Yi.e. between the maximum and mlnlmum) for each rock. Mean
length for dlameter) was calculated from these measurements The size of rock used
was about trie size of rocks on WhICh D co/oradensrs nymphs are’ normally found (Gllpln

"-and Brusven 1970 Allan 1975 Hawkms 1984) ll usually ¢chose oval shaped rocks

} Colour was determmed by vnsually matchmg all substrates of one colour and shade -

| »together (except the DC substrate). ' e - E "

Although the dlfferences in substrate texture were based on: thelr mmeral o

. components, limestone versus sandstone lexcept for the DC substrate) a quantltatlve — |

measure of texture was obtauned usmg a profnle meéter’ lChfford et al., in prep ).. The -

' .proflle meter measured the roughness of substrates by drlvmg a stylus across the

. surface of a rock The vertlcal movement of the stylus was recorded by a lnnear

voltage dlsplacement transducer and plotted ona chart recorder The chart record lor

52

. proflle) gave an approxlmate vnsual mterpretatlon of a substrate surface " Proflles were

dugntlzed and statlstlcally analysed An approxlmate.measure of the surface area of the ‘,'

substrate partlcles was calculated uslng the formula for the area of a sphere Thls was |

b . - ' [

i
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‘ _ done for partlcles in only one basket of: each Substrate type the baskets wers chosen

randomly Usmg the measure of area, total surface area available for colonlzetlon per
. A
basket was calculated , .

The four: substrates were placed in ] 3cm screen wire bask ets 25 i 25 x lO

Y o

cm, wuth largerrocks overlam by smaller rocks in eéach basket The baskets were filled
with substrate level to the top of each basket, . Six rephcates of each substrate type..
wer‘e‘used The 24 substrate baskets were placed in the study rlffle with the top of
‘the basket flush wnth the stream bed surface {Figure II-4, A), They were arranged ln the
followmg scheme begnnmng with the most upstream baskets; RD; SD, OC! SL RD
‘ietc in-rows of three trays makmg up three Iongltudmal strata of eight baskets .each
langure Il 4, B), Therefore there were two replicates of each substrate type in the .
three longitudinal strata. The mean lateral distance between the substrate baskets was\
1.0 m and the mean upstream-downstream distance between the baskets was 2.9'm.
’The mean dlstance between the’ outer baskets in the design and the stream bank was 0.9
'm (measurements based on the mnmmum stream \‘Mdth)
The baskets were allowed to be colonized by benthlc organisms for 14 day

,perlods There were two exceptnons the third colomzatnon peruod was 15 days and, '
the nnnth colonlzatlon pernod was 13 days. Ther; were nine trlals fnve durlng 1983
{June to September) and four in 1984 (May to Julyl Thls was necessary to assure that -

most of D co/oradensrs nymphal I|fe hnstory stages would be mcluded Drune//a

- coloradensts is a umvoltlne specnes in Dyson. Creek The eggs hatch durmg the wunter

. the nymphs grow rapldly after |ce breakup (ca Mayl and the adults emerge in Augustl :

L and September The. results for the nme colomzatlon penods \Nere ordered

o consecutlvely to’ correspond with fOur developmental stages (DSl to DS4l of D.

' co/oradens/s nymphs The developmental stages were used because the number of "

true unstars are dlfflcult to determlne m ephemeropterans Developmental stage one

. V(DS ‘ll nymphs Iacked wmg pads developmental stage two (DSZ) nymphs had wmg pad

lengths shorter ‘than the distance between the base of. the pads Developmental stage

~ three (DS3) nymphs had wmg pads longer than ‘the dlstance between the base ahd |
developmental stage four: (DS4) nymphs had darkened wnng pads (after Cllfford 1970)

?

b .
e
5
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At the end of a colonization period,vth‘e baskets vwerel taken out beglnning at the | |
downstream baskets and.moving‘upstream, A stainless.steel three-sided shovel (‘28‘)(
| 28 x. 10 crn)‘was stooped under the substrate ba‘sket. while holding a net (frame =30 x -
' 30cm,length = 1 m mesh = 0 037 mm) |mmed|ately downstream and the basket was ’
B lifted out of the water . The substrate in each basket was processed lmmednately on the
' stream bank Detrltus {mainly Ieaves) did not accumulate in large quantities amongst the | -
substrate partlcles however in sprung and early summer leaves and organic matenal |
accumulated on the top sndes of some the baskets Any detrltus attached on the
' outsnde of the basket was removed and not consndered as part of a sample The rocks
‘were taken out of the basket and placed in ename! dishes. The resudue in thé shovel
‘ apparatus and net were also washed into the dlshes and each rock was washed over the
dish uslng ‘abaster. After carefully examlng the rocks for any'remaining nymphs, the '
substrates were replaced in the basket, lesms in the enamel dishes were
sieved (mesh = 0.037 mm) and preserved in 90 % ethanol The substrate basket was
then replaced ln the stream Processmg each substrate basket took about 20 mun In
'the laboratory D. co/oradenszs nymphs were sorted uslng a dissecting mlcroscope

N

(magmﬂcatnon(éo x) and then separated (using 240 x magmficatlon) lnto developmental
stages S o ‘ |
; ‘Water velocnty (at 0 6 x depth usmg an Ott C 1 current meter) and depth were
' ’r‘e‘corded weekly, over each basket Temperature was recorded usmg a thermograph
" (Peabody' Ryan, vmode_l Hl Spot temperature readmgs were also taken
Dlrect Observatlons | L B " o | e
‘ | Slxteen baskets were randomly selected from the prewous substrate colomzatlon
experlment (above) after the baskets had been ll"l the rlffle for 8 days. Al orgamsms
‘ ' and debns were washed off the rocks and then the baskets were placed m the study |
k .‘ riffle |n four groups of the substrate types (SL SD FlD and DCl Each group of four | |
- baskats.was arranged ind matnx so that they were touchmg The four substrate types

in the matrlces occupled all posslble posmons |n the arrangement relatlve to the current

“ ' ¢
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direction and stream banks (Figure -4, C). ‘Mean distance betwsen the upstream and
downstream edge of each group of baskets was 1, .} m, and there was a mean distance
of 0, 8 m to the stream bank, | ‘ . ‘

| made direct observations of organisms on the substrates in July and August

1984 using a' Plexlglass box 50 x 25 x 30 ¢m) with a glass bottom and ad;ustable legs. ’

‘Elght 10 x 10 cm quadrats were placed in the bottom of the box, and the orgamsms
were counted within these areas At any one tnme two substrate baskets were covered
by the observatuon box {four 10 x 10 cm quadrats coyernng each basket) The 16 ‘
baskets were vnewed in a downstream to upstream dlrectnon Observations were made
‘at- 30 min intervals after the box was left in place for 20 min over the Substrate |
'baskets Before makmg observatlons | remalned motnonless kneeling over the
observatlon box for 2-3 mln and I counted the organisms for 1 min in each 10 x lO cm

"'quadrat.

Observatlons were done for two colonazatnon penods after 2-5 days (short

colomzatnonl and 13-14 days (long colonization). Observatlons were recorded on three .

.occasuons in 1984: July 19-22 (days 2 3 and 5). August 14 15 (days 2 and 3) and
August 25-26 (days 13 -and 14). For each observatlon date, the orgamsms on the
substrate were counted in each of the 16 basketsl‘"ﬂll observatlons were recorded at

| approxlmately the same time of the day {0700- 1300 h) to reduce any dlel change in the

density of orgamsms (see Chap_ter Ill) The ogamsms were rdentlfred to the lowest o

g ‘taxon and the body length (excludmg the cerci) of each organlsm was recorded wuth the

“ald of a ruler in the bottom of the observation box. | o ‘
‘ Ablotrc parameters were recorded at 2h mtervals throughout the observatlon ’
. ‘perlod These parameters were mcudent hght (about 10 cm above the .water surfacel
‘ _percent cloud cover precnpltatnon and water temperature Also water velocnty and

. water depth were recorded at irregular mtervals @ L
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D. RESULTS

Substrate Basket Experlment
Mean dlameters of the four substrates could not be successfully transformed to
. achieve homogenelty of variances, hence the nonparametrlc Kruskal- Wallns test was used
to compare the four substrates The mean diameters of the substrates were
sngnlflcantly dnfferent (Kruskal-Wallis test, p < 0. 01) The mean diameter of the Dyson
Creek substrate was Iess than the other substrates (Table - l) because the Dyson Creek
particies were collected in the study site where the mean dlameter was small. The A
. :quantltatlve measure of substrate texture was transformed usmg the fourth root

-

‘ transformatnon {Downing 1979) and the data was 'normally dnstrlbuted and the variances
were homogeneous. Then the one-way‘ANO\./A_ test was used to,compare the
substrates, . , F(\ " a o o L

- - Textures were significantly different (ANOVA, ‘p < 0.0 l‘;‘ Table -1). The

textbres were categorised into two groups (Newman-Keuls test, p < 0.05), the Dyson

Creek subs‘trate'. with the rough-dark substrate, and the smoqth-light substrate with the

smo'oth-dark subs'trater the lforwmer group had a rougher texture than the latter group : ,

‘(T able Il-t) The average suze of the sand grains in the rough- dark {sandstone) substrate ’
was about 0 33 mm. The Dyson Creek substrate was rougher than the smooth- llght
and smooth-dark (hmestone) substrates because the Dyson Creek substrate contalned a

"'hlgh proportlon of sandstone and conglomerates The mean surface area of each )

,vsubstrate partlcle was greatest for the rough dark substrate and Ieast for the Dyson

'Creek substrate the smooth-dark substrate and the' smooth-hght substrate had areas of

mtermedlate size (T able ll-l) _ ‘ ‘ ‘ .

| The water velocnty and depth over the 24 substrates were analysed usmg the |
one-way ANOVA test. lt was not necessary to transform the data because the data
' ,approached normallty and “the varlances were homogeneous lT able ll-l) Mean water o
o A veloclty over the substrate trays was hlgh |n May, June and July and decreased to

. Iowest readmgs m September and October (Fugure ll-t) Water v‘eloclty was

'
. e . & 4
Lo . . o : : . B R



significantly different between the substrate types (ANOVA, p < 0.0 1)‘,band the
‘rough-dark substrate was expdsed;to stgnificanﬂy slower velocities than the other '
substrates (Newman-Keuls test, p < 0,95, Tabte II-1), Mean depth of”water over the
substrate baskets was stable or decreas‘ing over the experimental period, except for
spr?ng spates in May and June, 1984 (Figure..'ll~3). Water depth over the baskets was
signlficantly diffe‘rent between substrate types {ANOVA, p‘= 0,04, Table - '1‘); however,
the muttipl= range'test did not s‘ho'w‘any significant dif'ferences between the Substrates
. (Newman-Keuls test, p < O 05). The range of .mean depths over the four substraxe
types was 2 cm which is unhkely to mfluence Substrate colonizatlon (Table 1),

Mean number and standard deviation (of six replncates) of the deve'opmental
stages of D coloradensis for each treatrm-nt and sample date are presented in Table
-2, Within each developmental stage, ths number of nymphs on the four substrates “
' showed sumllar trends between dates. Spatial dispersion of D. coloredens/s nymphs
was determined for each developmental stage and each substrate type (using the cells in
Table I-2). The chi-square test was used fo test the variance to‘mean ratio against a

Poisson series, a model for a random distribution (Elliott 1977). Agreement with the

Poisson series was accepted‘(pl<‘ 0.05) in 71 of the 72 ceils in Table -2. This K

suggests that the ‘nymphs in all ‘de‘velopmental stages wersé randomly distrib‘uted on the |,
. substrates in "the baskets Also, one day after the nine colomzatuon perlods six
i :ﬁquantutatlve samples were taken and a P0|sson series futted the data m all but one case
" To determlne the preferences for the substrates by the nymphs of the o

developmental stages the nonparameb'ic F‘riedrnan‘test was performed»o‘n each ‘
developmental stage In the analysls treatments were the substrate type and blocks :
. ’were the: rephcates for each sample date (Conover 1980) Colomzatlon of the
substrate types was sugmflcantly dufferent only for the DSZ and DS3 nymp‘hs (T eble ll-3)
A multlple,comparlson test P <O0. 05) was performed on the results of the 052 and |
- ‘DSS nymphs (after Conover 1980). There were slgmfncantly fewer 032 nymphs Qn the~
; ph*dank—-substrate than on the other three substrates, and there were fewer DS%
nymphs on the rough dark substrate end the smooth-dark substrate than the Dyson

‘ Creek substrate and smooth-llght substrate (T able ll-3) Although the’ number of DS‘I o

[
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and Dsa nymphs were not signifacantly d|fferent between the substrates, there was a

2l

=N

N tendency for the lowest mean number of nymphs to be on the rough-dark substrate and

;'.‘n_

L
%gfeatest mean number on the Dyson Creek substrate (Table !1-2).

i,
.
In general for all deveiopmental stagea the rougn dark substrate was least

preferred and the Dyson Creek substrate was most preferred

t

LAy

Direct Ol?servatlons-'
During the ';;ire'et eeservetions, water depth and velocity at each substrate basket
vyere similar,’ T!';b‘seryed nymphs of three families of Ephemeroptera: Heptageniidae,

B'aetldae, and Slphlonuridae, vThese: taxa were the dominant. benthic organisms in all

observations, A Fo.ur D, ‘co/o‘ra<1en‘s/s nymphs were observed but they werp not l . (\\

consld‘e‘re:d in t.f'ne anagys;s:_ ’ The resuits were analysed by greups; Total Fauna (this group )

’ “\' inctuded all of: the Epher.n'eroptefa taxa in my ‘study, except D, coloradenss),
Heptagenlidae '(mostly C/nygmula and small nqnibers of Epeorus), Baet/s (Baetidae), and a
BaeﬂleA}r)e/etus group (mostly Baet/s). Data for Cinygmu/a and £ peorus nymphs and in
Aughet for Boet/s",and‘Ame/erus nymphs were lumped, because of the large number of

o .small nymphs present making identification of genera difficult., Direct observation data

K were analysed using the Friedman test and a multlple cow test (p < 0.05,

Conover 1980f where approprlate Multiple comparisons w‘are not made for.the small

~ and Iarge snz‘e classes. Treatments and blocks in the desugn“ were the substrate types
and dates, respectively, within a colonization period. The short and long colonization

‘ periqes and n~o size classes were analysed separately. Mean number and standard
deviation of nymphs per substrate basket for each taxon and colonization period are
presented in Table Il-4; data for the two size classes are shown in Table I-5. In the
analysis of the small and large heptagenuds and baetnds data within each date were

lumped because of smal-sample sizes. | T '

Densmes of Total Fauna on the substrate types were sugnnfncantly different for
the short 12-5 days) and long (13- 14 days) colonization periods (Table l-4). After the

V
l } 3 - " . y 2o v
ghgrt ¢olonization period, there were greater densities of Total Fauna on the
;“.‘ - » p ) X

] v , N

,g . ‘ w! ‘ ' i ' - x.—\ o
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smooth-light substrate than on the remaining substrates; the smooﬁvdark substrate was

the |east preferred substrate (Tablle 1-6), Aftrar the Iong colonization period, there were -

fewer organisms on the smooth- dark substrate than on the other substrates (Table -6,

. For both the short and tong colonization periods, the mean density of Total Fauna on the
smooth-light substrate was approximately twice that of the smooth-dark substrate,
which hélld the lowest densities for any of the four substrates (Table -4},

The large heptageniid nymbhs were statistically most abundant on the
smooth-light substrate for.the short colonization period. Small nymphs also showed a

;preferencﬂ% for the smooth-light substrate during the short colonization period (Table
-8}, For the long colonization period, none of the size c'lasses, including the 1-12 mm
size of heptageniids, were different Between the substrates (Tables -4 and -5).
Numbers of Baet/s nymphs™(1-12 mm) were different between the substrates after the
short colonization, and numbers of Baet/s-Arneletus nymphs (1-12 mm) for both
colonization periods (Table Il-4). Baet/s preferred the rou‘gh-dark substrate over the
other substrates, and Baet/s-Ameletus sths(ed preferences for the smooth-light
substrate and rough-dark substrate (the smooth-dark substrate was least prefarred),
after the short colonization period (Tables lI-4 and -6). Following the long colonization
period, the smooth-dark-substrate was least preferred substrate by Baet/s-Ameletus
nymphs (Table HI- 6). However when the small and Iérge size classgs were considered
separately, only the Baetis- Ame/etus group for small and |arge were different for the
‘long colonization pgriod (Tlable ‘II-S). The smooth-light substrate and the rough-dark_
substrate had the greatest number of Baetis-A /etus nymphé in the small and large size

_classes respeatively (T ébtg n-5). Gener_a!Ly_,(,oZ"e

both colonization periods, the

BaetigAmeletuS nymphs least préferred the smooth-dark substrate (Table II-5).

R
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E. DISCUSSION

Substrate 'éasket Experiment

The 14 day colonizétion period was considered suf ficient to allow new

co[onizers; to attain a population equilibrium and to reduce potential changes (e.g,
deposition) to the substrate, Rosenberg and Resh (1982) reviewed recent fiterature on
the timé it took organisms to reach. equilibrium densities in containers of various mineral
substrates, including gravel, pebble, and cobble substrates. They found for Total Fauna
'per study, on“averagé, populations in containers reached equilibrium in 14 days (range

| 9-20 days). However, colonization dynamics probably varies with species and
populations of species, Drunel/a co/orédensls nhymphs of my study have many
‘similarities with Drunel/a grandis, and resu!ts for D, grand|s are use'd in the discussion
for comparative purposes.. Similarities between these specigs include qisiribution (Allen
and Edmpnds\ 1962, Edmunds et al., 197é) and r;l‘abitat (Allen and Edmunds 1962, Gilpin
and Brusven 1970). Diet is apparently variable between populatiorts ‘of these species
(Gilpin and Brusven 1976, Hawkins 1985). Because dispersion o‘f the devqlopm?ntél
stages of D. co/aoradensis on the four substrates in th§ baskets and in the stfeam bed
were randomly distributed, the colonization resmtls are likely feal and dﬁ\e"ﬁ) substrate
maﬁipulations rather thén the distrib(:tioﬁ being contagious. ~ _

The choice of prey by a visually-foraging predator could be inf_luenéed by prey
size, movement, and contréstiﬁg colours relative to the background. For example,
these factors may be directly related ~t‘o vfobd sglecfion by fish in lotic systems (see
review of Healy 1984). The fauna of Iotic habitats most likely evolved in the presence
of predatory fish (Alian 1983).’ Thereforé, pr.e.y wouldﬁ be ekﬁected to have many
adaptations to these #edators. In my study area on Dyson Creek fish'wére absent,

" although the stream was previously stocked on several occasions in the 1940'3.
: A]tarnatively, it is p'oss'ible that the substrate preferences 6f insect ny‘mphs in the
. absence of fish may be different than when fi;h are present. For example, Charnov et

al.. (1976) demonstrated a movement of baetid nymphs into shaded or covered regions
‘ : ‘ %
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lin tanks when a fish predator was introduced. Predators in Dyson Creek include
invertebrates such as Perlodidae (Plecopteral, Rfryacophi/a (Rhyacophilidae: Trichoptera),
and uartebrates r\amely the dipper, C/nclus mexicanus {Rasseriformes: Aves), ' '
Generally, terrestrial vertebrates such.as the dipper, which is a visually~feedin‘g predator,
are not coesidered as having a significant effeet on the abundance of benthic
macroinvertebrates, Howaever, Ealey (1977) examined the stomach contents of six.
dippers during :‘their breeding season on the Sheep River into which Dyson Creek dreins.
He found that m.acroinvertebrates, excluding the only other componer\t in the' diet i.e.

v terrestrial invertebrates, corruprised 82 % of the stomech contents, Predation pressure
was expected to be least on small nymphs because of the prey’'s small size and an
increased cost to benefit ratio to a predator. As‘suming that the substrate types were
similar in ell\sharacteristics {except for those characteristics being manipulated), the
devefopmen‘ta! stage one nymphs were expected' to ferage equally on all four'substrates
or te have, relative to more mature nymphs, a reducecf‘ preference for the darker and
rOugher substrates. The developmental stage one nymphs had no preference for the
four substrates, whlch was what | preducted However the physical characterlstncs and
the envnronment of the substrates were found not to be the same, and the substrate
was mdarectly modnfued {see below).

More mature D. co/oradensis n‘ymphs (developmental stages two, three. and -
four) were expected to show téndencies to cplonize darker and rougher substrates in
response to predation pressure and ability to hold onto the substrate. | predicted that
the larger and hence more mature (developmental stages three and four; D. ce(oradggsis
nymphs would prefer the rough-dark, Dyson Creek, and smooth-dark substrates. |
: expected these large nymphs wo'ufd least prefer the smpoﬁ\-light substrate However,
all of the developmental stages of nymph especrally developmental stages two and
three least preferred the rough-dark substrate This may have been due to the low .
water velocity at this substrate. Two of the six baskets containing the rough~dark
substrate were in areas of low flow and this accounted for the lower. mean velocity.

Because of the reduced velocity, the results might be biased since D. coloraden,élé

nymphs may prefer high water velocities. Rabeni and Minshall (1977) found le\r\rer .
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numbers of D, grand/s nymphs in substrate trays in a peol than in a riffle. Their
dnstrabutnon pattern also occurred when the current qu experlmentally decreased by 38
cm s', in another study in the same stream Minshall: and Minshali (T 977) found a similar
pattern for D. grand/s, Obviously for D, _grand/s there appears to be a habitat
prefereace. However, in my study the difteaence between the lowest ahd highest
mean velocities over the experimental period ‘was only 8 cm s',  Reduced velocity may
| have modified the substrates by ineaeasing the deposition of fine organic métter and
lesser amounts"of inorganic material.
The sediment on the twe rough substrates (rough-dark and Dyson Creek) was
very‘ patchy and less than 1 mm th,iek. Deposition may have been caused by the
, rouéher substrates trabping saltating particles in minute crevices. Drunel/a
co/oradens/s nymphs may bg attracted to such deposits as a food source or the deposit
may pbysically repulse the nympﬂhs. Detritus and diatoms are ineluded in the diet of D.
coloradensis (Gilpin and Brusven 197‘0-, Hawkins 1985) but these food seurces would
have to be limiting before one would expect a direct relationship with colonization.
Siltation can have various eftects or it can have no effect ‘on the zoobenthos (sée
~ Minshall 1984). Cummins and Lauff (‘1969) found minor effects or an incréase of
numbers for ce;'tain'species of immature insects wben siltation increased. Rabeni and
Minshall (1977) found a reductlon in the number of nymphs for several insect taxa, -
mcludlng D. grandis when there was only a very thm Iayer <1 mm) on the substrate
Percuval and Whntehead (1965) suggested that a light covenng of fine detnitus may cause
the orgamsm to Ioose it's hold on-the substrate Although Iarge detrital partacles
notably leaves, occasnonally accumulated m the substrate of my baskets they were not
considered because Isaves-in streams are not a normalfhabltat of D. co/oradens:s
nymphs. o o o
Drunel/a,&lbraeensis n'ympﬁs in deve_lopmental st‘ageﬁ three were found in
~ largest numbers on the smeoth'-light ane Dysen Creek- substrates. The Duson Creek.
. substrate particles had a smaller diameter and surface area than the other 'substrates; and .
this may.have been 1mportant since-amount of surface area has been shown to be |
'Vimportant to colonization byben,thic’; invertebrates. Minshall (1984), in his recertt }ev.iewj

: r
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of organlsm substrate relatnonshlps compared studles using smgle rocks and groups of
rocks. Fewer mvertebrates were found on mdnvudual large rocks than on small rocks,
However, when rocks were combined in trays, greater densmes of lnvertebrates were
found on large substrates | did not measure the number of partlcles in all of the
baskets; hence the total surface area per basket is not known, and a statlstlcal
comparigon of density of nymphs between substrates is not possible. "However, the
Dyson Creek substrate most likely had the greatest total surface area per basket |
because there were about twice as many Dyson Creek partlicles per basket than' for the
other substrates, Thus, the actual ‘densities of invertebrates in the Dyson Creek

“ substrate baskets may‘ be less than thos‘e on the iarger substrates when surface area is
. ‘accounted for. Minshall and Minghall (1977) found similar densities of D. grandis in i
trays of small and large rocks, although there was a tendency for more nymphs to be on
.‘smaller rocks. R;abeni and Minshall (1977) found D. grandis nymphs had a strong ‘
preference for small rocks. Other experimental results on groups of rocks in trays '
generally have found more nymphs on small and medium sized rocks (Wllllams and’
Mundle' 1978 Wise and Molles 1978, Khalaf and Tachet 1980). My results for all
developmental stages.. of D. co/oradensls showed greatest numbers of nymphs were on
the smallest substrate, the Dyson Creek substrate. . " ‘ | |
| Minshall (1984) suggested that the mhabltablhty of the mterstuces may be
influencmg colonlzatlon This lnhabltablllty could be related to the size and number of ’
" interstices. - The rough dark substrate had the largest mean dlameter and therefore had

' the least number of mterstlces and largest spaces between partlcles The smaller
mterstlces in the. Dyson Cfeek substrate may’ cause a reduced current and a subsequent
- .bunld up of fune detrltus g frhls |s lmportant to benthlc orgamsms since the amount of -
-detntus and the abundance of msect nymphs are often pOSltlvely related The nymphs
may be feedlng on detntus not exposed to the current Another functlon of lnterstlces‘ |
would be to provude refuges for benthlc lnvertebrates For example lnterstnces may
serve as a place for prey ‘to escape from or to av0|d predators (e. g Huldrew and :
Townsend 1977 Steln 1977). The mcrease in numbers of lnterstu:es and therefore | |

K detntus may explam why the developmental stage two and developmental stage three
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‘ nymphs preferred the Dyson Creek’ substrate ‘
L . Erman and Erman (1984) examined the colonlzatnon of three rock types of
' Increasmg surface texture from quartzlte to gramte to sandstone They found that the e
total numbers of mayfly and stonefly nymphs mcreased significantly from the smoothest
to roughest substrates. In another study usmg tlle substrates whlch had much greater
texture than my sub'strates, Cllfford et al. {in prep ) found more md:vnduals and more {
taxa on rough tiles than on smooth tiles. | found no clear trend in my study although the ~
. greatest number of nymphs were on’the roughest substrate the Dyson Creek substrate
vbut the least number of nymphs were on the next roughest substrate the rough dark |
' substrate. IR v" ' ‘ (
Comparmg the smooth substrates the smooth-light and smooth- dark substrates
waere the most similar of the four substrates in terms of their phystcal charactenstncs
and their exposure to enwronmental factors at the study slte Drune//a co/oradenSIs
nymphs were most conspicuous on the smooth hght (whnte) substrate, and it was.
h expected that they would be easlly seen on these rocks by a vusually-foragmg predator
' However the smooth hght substrate was the second most preferred substrate for
nymphs of all developmental stages especially for the developmental stage three
nymphs whlch were more abundant on the whlte substrate than on ‘the smooth-dark '.
o (black) substrate Itis dlffncult to determlne why D co/oraden.s'/s nymphs preferred the
“ smooth lnght substrate relatlve to the other substrates However lt is’ possnble that
| ,there was a locatton effect between the Substrates other than the physncal factors ‘,-_-J‘\l \

2

. measured for the two substrate types BT ce Wl
U Few studies. have expenmentally mves\tﬁated the |mportance of substrate colour . "
to colonnzatlon by aquatlc msects Hughes (1966) exammed the role of lightin chorce ‘

' of mlorohabltat by Baetis and Tricorythus (T rycorythndae Ephemeroptera) nymphs he

s used whlte and black backgrounds |n an experlmental stream About 58 % and 55 % of
Baetis and T r/corythus nymphs respectlvely (calculated from Flgure 4 in Hughes 1966) e "
were posmoned ona black surface relatuve to a whlte surface Thus Hughes data ' |
shows only a sllght tendency towards nymphs choosmg a black substrate ln my study .

the most consplcuous nymphs. when on the Iught coloured substrate were the Iarge
B . - ; . B - [ B
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de‘v.olopmental stage fOurlD. coloradensis nymphs In addition to their l'arge size these .

‘ nyr'hphs exibited‘da'rk wing pads But the nymphs dug_not prefer the dark coloured .
substrates As was found for the less. mature nymphs, the: lowest mean numbers of
developmental stage four nymphs were on the rough- dark Substrate and the hlghest
mean numbers were on’ the Dyson Creek substrate which was dark coloured

The substrates of my study were made up of dlfferent mmerals and therefore

~ the chemlcal constltuents of the rocks may have mfluenced the choice of substrate

" But ln an extensnve study of the benthic fauna of 52 streams in Scotland Egglishaw and

| Morgan (1965) found a remarkable similarity in species composmon and abundances

' between ‘seven limestone and five sandstone ‘streams. Altnough their study was not
experlmentel it suggests that the mmerals |n the llmestone and sandstone may not be
lmportant to colonlzatuon by benthlc orgamsms | ,

My results do not concluslvely suggest that'the more mature D. w/oredensr‘s .
nymphs prefer rough'e\r texture_where mature nymphs, especially lntermediate sized _
nymphs most preferred only one of the rough substrates {i.e. Dyson Creek substrate)
and the other rough 5ubstrate was Ieast preferred (i. e. rough -dark substrate) The ‘
colour of the substrate was lmportant for mtermedlate slze nymphs where hymphs
were more abundant on the hght coloured substrates The choice of substrate appears
to be anfluenced by ablotlc factors However buotlc factors such as. the avalllblllty of

food and the presence and absence of fish may also be lmportant

) Dlrect Observetlons : ' :

| 1 expected the .other: taxa studled to show slmllar substrate preferences to thoee

- predrcted for D co/aradens/s assummg that all insect nymphs evolved snmllar ’:f_ N '
mechamsms for reducmg predatlon and abmty to remam on substrate surfaces The

'taxa observed were cryptlcally coloured and behav:ourally they have been C|8SSIled as

- cllngers lslmllar to D. colaradensrs) by Cummlns et al (1984) The lnsect nymphs were -

| expected to choose the dark substrates to reduce predatlon and to have varlous

o preferences for the rough substrates because of posslble tactlle dlfferences between " , |

Soe

~



taxa. " However, the Total‘ Fauna ny‘mphs did not show’a strong preference for the

rough substrates the smooth- hght substrate was the most preferred and the

l'smooth dark substrate was the least preferred substrate by Total Fauna Havmg

“ observed thvs general pattern for Total Fauna, |t w“as p055|b|e to explann the results more -

.clearly by examihing the size classes of mdlvtdual taxa

A ‘ ' !

ol Smce the heptagenuds are thlgmotactnc the rough substrates wuth thelrl

accumulatlons of sedument may not bé a preferred subistrate and, may in fact hmder a ‘'

nymph movmg over a rock surface {e. g. Percuval and Whitehead 1929) This may be '

speclally true of C/nygmula whlch is a fast movmg nymph and is generally found in’
snlt-free lot|c habltats (Edmunds etal., 1976 Gnlpnn and Brusven 1970) However my

flndlng that large nymphs were more abundant on therftght coloured substrate relative to

: the dark coloured substrate was unexpected although this was only evndent for the.

K short colonlzatnon perlbd (see below). My observatlons most llkely did not miss nymphs

on the dark substrates because ! determlned whether my nymphs were cryptnc tomy
view by shining the brlght whnte llght on the dark substrate |

Although Baet/s and Ame/etus nymphs belong to separate famllles they are,

'unllke the heptagennds of my. study, both streamllned and good swnmmers These - - .

‘ streamllned nymphs hold their body above the substrate and use thelr tarS| to hold onto"

"i the surface of a substrate Smce Baetis and Ameletus nymphs are commonly observed

on the tops and SIdBS of rocks facnng nnto the current 1 expected they would have a
X stronger preference than the heptagennds for the rough substrates to maintain thelr

' ‘ posntnon on. the rocks Thls was supported by my results The rough substrates had

E . 'more sedlment and from a vnsual examlnatnon these depos:ts contalned a lot of flne

L orgamc matenal Such deposlts mlght be the food source of Baet/s and Ame/etus ‘, 4

nymphs. Also these substrates haVe an increased surface area for potentlal

- ‘colomzatnon by algae These nymphs belong to the collector-gatherer (grazers)

B functlonal feedlng group feedmg on detrltus and algae Some Baetls nymphs also are,.
grazers lGulpln and'Brusven 1970 Cummms et al., 1984) The smooth-dark substrate _
3 was the least preferred substrate of Baetls and Ameletus nymphs l cannot explaln |

. jwhy the heptagennds, Baetls, and Ameletus nymphs preferred the the llght-coloured

A 2

- L . L,
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Chapter IV)

o 1 smooth Iught substrate and thls was S|m|lar to the preference of mtermedlate
K developmental stages of D colora?gns/.s hympps. - '

'substrate Since the llght (whlte) and dark (blackl substrates were phySlcaIIy and ,

chemlcally sumtlar and sub ;ected ‘to the same envuronmental condltlons 1 postulate that

algae production is greater on the white substrates and thls is due at Ieast in part to
more light being reflected from the whlte surface relatlve to that of the black rocks {ses

For Total Fauna and mdlvldual taxa, there was an mcrease in-the mean number of

nymphs from the short to the long colonlzatlon pernods However it is not known

whether the populatlons were at equilibrium after the 14-15 day perlod Although

.colonization rate may vary between taxa, the dynamics of. colomzatlon are not,well

known. For example, Shaw and Minshall (1977) found that after' 64 days many stream

insect populations had not stabllnsed But for both the substrate basket expenment and

.direct observatlon study,‘some mterestmg trends were evident. For the ‘substrate -

.

basket expenment the more mature D. colaradensns nymphs preferred the roughest

substrate, i.e. the‘ smafler rocks with lots of interstices; But these large nymphs also

' preferred the light coloured substrates ‘oyer the dark. substrates, especially the

. .rough-dark' 'substrate. _Simﬁar'results were obtaihed for the other taxa in Dyson'Creek

uslng direct observations. ' But for the rough substrates the heptagennds preferred the - .

[y

‘ Dyson Creek substrate and the Baetls and Ame/etus nymphs choose the rough dark

e substrate The heptagennds Baet/s and Ame/etus nymphs also choose the

K

1

-
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~ Table II- 1. Mean and standard deviation (in parentheses) of the physncal measurements

of the substrate particles, and the water velocity and depth at the four substrate types,

the rough-dark (RD) substrate, the Dyson Creek (DC) substrate the smooth-dark (SD)
substrate and the smooth Iught (SL) substrate, . _

U

Substrate Tiype, ‘

\

Physical Factor " RD oc - SD s
; . L . .
'Diameter cml 83 (39 60 (1.9 7.7 @17 7.6.(1.8
Surface Areacmy)  260.6 (236.2) 1235 (78.5) 196.9 (104.6) 188.3 (88.0)
| Texwre froughness .47 (4.1) 59 6.8/ 20 (35 23 22

‘ units)

Water Velocit‘y gms?) 158 (13.95) ‘24.1 (14.9) 24.3 (14,7) 20,7 (12.4)

Water Depth(cml 112 (7.0 118 (7.3 131 (2.8 11.1° 6.8)




Table II-2, © Mean abung
periods one to nine (C

developmental stages (DS 1 to DS4

(RD, DC, SD, and SL),
- ! ~
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ance and standard devnatlon {in-parentheses) on colomzatnon

1 to CP9 see Materials and Methods for details), for the four
) of Drune//a coloradensis on each SUbstrate type
See Table L for details, ‘

Substrate T }p‘e ‘

Developmental Colonlzatlon ‘ A
.Stage” *  Period - ‘_RD ‘DC . SD St
, . |
DS1 CP1' 337 (335 363 (145 36.0 (19.8 397 (13.9)
- CP2. . 10,0 (5.6) 200 (105 128 (8.1) 10,0 (5,1)
cP 27 3 18 (15 23 (1.4 2202
CP4 1009 10 (13 17 (6 13 28
DS2 cPi 75 (7.3) 93 (7.0 97 (6.6 122 (7.4)
1 CP2 285 (18.3) 605 (26.0) 36.3 (21.5)° 352 (9.4
. CcP3 125 (8.6) 175 (46 155 (11.0) 160 (5.0
CPa 12.7 (10.9) 243 (14.3) 28.0. (13.6* %e (16.6)
.. CPB 6.7, @5 145 ©.11 102 ©3 797 @05
. cPe 03 (05 07 05 02 04 03 03
DS3 cPs 0.0 == 09 (060 02 (0.4 02.0.4).
¥ CP6 8.0 (8.0 87 (4.8 83 (35 127 6.5
CP7 7.5. ¢5.4) 1142 (7.8) 85° (3.9 12.8 (7.8)
cP8 37 (30). 63 3.0 20 @25 . 53 29,
CPS 00 - 03 (0.8 00 - 03 (0.5
DS4 CP7. 05 (08 . 10 (06, 08 (12 08.12
~ cP8 15 (0.6 27, 2.1 17 24 23 2.0
CP9 . - 08 (0.8 .08 (04 12 (12 08 (0.4
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Table II-3. Multiple comparlson test results on the abundance of the four developmemal

- stages (DS 1'to DS4) of Drunella coloradensis nymphs on each substrate type (RD, DC,
SD,.and'SL). Only significant test results (p < 0.05) are shown where the abundance is
M>) on the other substrates.

greater

See Table IH for details,

- Developmental

Substrate Tybe

DC

' Stage' " RD - SD' SL-
DSt .

OS2 > RD > RD > RD

. DS3. > RD > RD

> SD > SD

Ds4
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" 'Table -4, Mean abundance and standard‘? deviation (in pérénthesesi), for eacﬁ taxon'~ ‘
group observed after the short and long colonization periods on each substrate type
RD, DC, SD, and SL), with probabiity lgvels of the Friedman test to determine o

differences between the substrate types (% = p < 0,05, ## = P'< 0,01, %m'=p< 0.001
and NS = p > 0.05), See Table lI-1 for details, S S

'
y - ~
! f

Substrate Type

LR Colonization ) o o Friedman

,» Taxon Grdup Period ' ™ RD ' DC SD s Test
. Total Fauna | Short 7.8 (4,4)’ 8.1 (4,9) “' 56 (6.2) 12,4 (7‘2)‘ T nen
© long 215 (6,7)20.6 (5.9 12.1 (4.3) 25.9(11.0) .

Heptageniidae ‘Short 2.8 2.1) 3.8 (3.2) 2.8 (32) 7.7 (8.1)  wmn

long 88 (6,1)11.6 (5.5 85 (2.1)12.6 8.2) , NS

Lo apde=

Baetis . ... Short 2.1 (1.3 1.3 (1.00 0.8 (1.1) 0.9 (1.1}~ ==

"
‘
It
|
i

Boctis-Amelewss Short 93 (36) 88 (1.8 5.8 (45 10.9 25 < .
. Baetis-Ameletus  long  12.8 2.8) 9.0 (3.5) 36 (2.8 13.3 6.8)
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Table ([-5. Mean density and standard deviation (n parentheses! for the two nymphal size classes (small and largel) of taxa
observed. after the shoct and long colonization periods Q@ each substrate type (RD. DC. SD. and SL}, with probability fevels of

Pl

the Friedman test to determine differences between the substrate typés «W@n. p <0.05 ** =p <0.01.NS =p > 0.05). See

‘Table - 1 for details.

- Substrate Type .
. Colonization Friedman
Taxon Group - - Period RD OC SO - SL Test
Heptagenitfae (Small Short 0 (12 07 Q. ©5 . 23 @4 Ns
. ) Long Lt (14 1.6 (2.3 (0.9) 1.5 (1.4) NS
Heptageniidae (Large! ~ Short 1.8 (2.2) 3.1 (3.0) (3.0 " 55.(45) - *
‘ Long 7.6 6.0 10.0 (4.8) 2.0 1.1 (7.9 NS
Baetis (Small Short 06 ©9 03 ©7N " 04 405 NS
Baetis-Ameletus (Small) Short 6.8 (3.6] 55 (2.2 4.3 8.5 (3.5) NS
Baetis-Ameletus (Small] Long 6.5 (1.9 6.1 4.5 1.9 8.8 -(5.7) ..
- ~ £ ‘ ) ’ ‘
Baetis (Largel k ~Short L6 (15 10. (0.9 (1.1l 0.6 (1.2) NS
Baetis-Ameletus (Large} Short 2.5 (1.2) 33 (.8 (1.5) 24 2.1 NS
Baetis-Ame(etds Large| Long . 63 @.u 29 (4 - 2.00 - - 45 -(3.1 -
. ’ . A W&.ﬂ« 3 -
- . M‘W -
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Table I1-6. Multnp'le comparison test results of the density for each taxon group on
each substrate type (RD, DC, SD, and'SL) after the short and long colonization periods,
Only significant test results (p < 0,05) are shown where the density of organisms is
greater than (>) on the other substrates, See Table II-1 for details,

»

Substrate Type

/.
Colonization .
Taxon Group Period RD DC sD SL
!
Total Fauna Short > SD > SD mmen > SD
- > RD
> DC ‘
Long > SD > SD mmen > SD
Heptageniidae Short ala ~nmn m=-- > SD '
\ > RD
> DC
Long s e mmmn ~mn=
‘ f
Baet/s - Short >SsD . == - -
N . > SL
. >DC
Baetis-Ameletus ,  Short > SD ---- ---- > SD T
' . >DC
Baetjs-Ameletus Long > SD . >SD ==




Figure N1, Mean water velocity and 95 % confidence intervals at the 24 sites for the

substrate basket experiment, during the period from June 1983 to July 1984,
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Figure -2, Mean water depth and 95 % confidence intervals at the 24 sites for the

substrate basket experiment, during the period from June 1983 to July 1984,
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- Figure 3. Mean water temperature and ranges dhring the period from June 1983 to "
S July 1984.‘ 'Single closed circles are sp‘bt temperatufés‘ and the dark bar indicates ice

cover.
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Figure H-4. Dnagrammatuc representatuon (not drawn to scale) of (A) a substrate basket;
in place in the stream bed, (B) the substrate basket experlmental desngn and (C) the

arr ment of substrate baskets for the direct observatmns ' The four substrate

. baske} types were ‘the rough-dark (RD) substrate, the Dyson Creek (DC) substrate the

- smooth- dark (SD) substrate and the smooth- Inght (SL) substrate
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|||. D|EL PER'ODICITY IN DENSITIES OF EPHEMEROPTERA NYMPHS ON THE
SUBSTRATE AND THE RELATlONSHIP WITH ABlOTIC ANQ BIOTIC FACTORS
A'/

Fel . "

A. INTRODUCTION : \

“ Prior to the 1960's, there were few studies on diellperiohdicities of aquatic
insects. Notable exceptions were studies by Moon (1940) and i-iarker (1953). In the
1960's interest ifvas prohably stimulated by the discovery of diel periodicity in the drift
(i.e. in the water column, as opposed to being on the substrate) of stream invertebrates.
Since that time, diel periodicmes of drift have been demonstrated for many taxa and in
many parts ok the world (see reviews Waters 1972 Muller 1974, Statzner et al., 1984),
However, the mechanisms involved in this diel peruodncuty are still not well understood.
Two patterns of periodicity on the substrate have been identified: diel positiening
changes and diel activity levels (Wiley and Kohler 1884). Diel density changes of the
benthic invactebrates on the top surfaces of the substrates (i.e. diel positioning changes)
are considered here.’ ' N

 There is much debate as to whether diel drift periddicity is accounted for by an

assumed accidental displacement of the benthos or by anact_ive release of the
organisms from the substrate (eh.g, Wiley and Kohler 1984, Allan et al.’, 1985).
Whether drift is due to accidental or active departnre from the substrate, it would be-
~ expected to be directly reiated to diel densities of the benthds on the substrate. If
drift and density are unrelated, accidental disp|acement can be rejested as a mechanism
to explain the diel eeriddieit"y in dritt. Several hxgotheses have been proposed to
-explain diel density changes,,of the benthos on the substrate., A premise in these
hypotheses is tnat thewbenthic animals are present on the top surfaces of the substrate
mainly at ni'ght -Phototaxis, responses to .predation toraging periodicity, and
respiratory needs of organisms may account for this phenomenon (Hynes 1970 Waters
1972, Wiley and Kohler 1984). Many |mmature aquatlc insects have been reported to
be negativaly photetaetic. Therefore the o_rgamsms would be present beneath the

substrate particles during the daylight and migrateto the top surfaces of the substrate in

46 .
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the dark, Visual|y-feraging predators, such as fish, are thought to depress zoobenthos
N

densities on top of the substrate durmg dayhght hours, H»gh densities of orgamsms

the top of the substrate may-also be ‘related to feedmg periodncny Because many' |
aquatnc insects are grazers, feedvng on the attached algae and. fine orgamc material on
the upper surfaces of the substrate, a nocturnal foragmg strategy by prey might reduce
risk of predation. Nocturna! activity of prey may be more evndent in larger prey since
these will be most likely chosen by a vertebrate predator, A nocturnal decrease in
dissolved o‘xyg‘en in the substrate may cagse a migration from the bottom surfaces of
the substrate, or from deep in the substrate, to mo_re exposed surfaces at night' (Wiley -

and Kohler 1980). These mechanisms may be controlled by endogenous factors or

exogenous or both, For example, Elliott (1968) stated that density changes on the top

of the substrate were exogenously controlled (i.e. by light intensity) but that activity was

endogenously controlled.

Many approaches have been taken in studying diel density changes of benthlcl
orgamsms _They include, the use of samplers and artificial substrates {(Moon 194Q,
Clifford 1972, Kovalak 1978 1979, Campbell 1980, Kohler 1983 Graesser and Lake
1984), and direct observatnons in the Iaboratory (Harker 1953, Elllott 1968, 1969, °
Banley 1981) and in the field (Waley and Koh|er 1981 Statzner et al., 1984, Statzner and ‘
Mogel 1984, 1985 Mogel et al., 1985, Allan et al 1985).: In my study, | chose direct
observations, since thls method would potentially cause the least disturbance to the

substrate and ultimately to the organisms Data of such observatuons most likely

represent the most natural situation (see Dnscusswn). y My study was designed to

determme whether the stream benthos in Dyson Creek Alberta exhibited a diel -

. ‘ penodscuty in densnty changdes on the top of the substrate Ab:otuc factors were aiso

measured and observations were made during two new moon phases and two full moon
phases Also dnft was measured to determine if these abiotic and biotic factors were
related to the diel periodicity of benthic orgamsms. ‘ Mechanisms: that may contribute to |

the observed dis! densities are discussed.
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B MATERIALS AND METHODS | ’ : | ' '(,

‘ The area of the stream chosen wags about 4 m downstream of a previous study

(see Chapter il for a detailed descrlptlon) _A 30 m length of the stream bed close to

the south bank was chosen because in this area the substrate size (mean ='4,7 cm, range
= 2.1-8.2 cm, water velocity and depth were uniform (Table {li-1). The substrate

particles were generally well-covered with epilithon, and the parti‘cles -were rarely

~ disturbed by the current except when the stream was in spate (see below).

Direct observations were made with a rectangular observation box (50 x 25 x
30 cm) with Plexiglass walls (thickness = 1.2 cm) and a glass bottom lmkness = 0.5
cm). Around the top of the box, four pipes (Iength = 4 cm) were attached toa wooden.
frame (6. 8 x 1.8 cm). Four stainless steel legs (length 65.5 cm, diameter = 1.3 cm)
were each secured into each pipe by wungnuts The leg-length could be adjusted, using

the wingnuts and ‘this allowed the level of the glass bottom to be positioned relative to

_ the ambient water depth.. This was necessary to dbtain a clear view of the bottom

substrate with a maximum depth of water between the glass and the substrate. The -

mean distance beMeen the glass bottom of the box and the top of the substrate was

. about 6 cm.’ The box was carefully posmoned on the substrate to minimize dlsturbance

to the substrate under the box.’ To determme whether the box was creatmg unnatural

water currents a suspenslon of fluorescent partlcles was re'leased around and

'underneath the box; | observed no currents due to the bbx Occasuonally between

observatnons an anti-fog wax was apphed to the inside of the glass bottom to prevent |

condensatlon At mght (ca 2100- 0600 h M.D.T. ), and includlng dusk and daWn

observations were made wuth a red Ilght “The lnght source was an automoblle headhght

(face = 12 x 12 5 cm, w;th a H 3 halogen bulb 12V, 55 Wl, with a handle attached to

the back of the Ilght the power source was a heavy duty 12 v battery A sheet of

neoprene (area 17 x 17.5¢cm, thlckness =0, .5.cm) wuth a porthole lduameter =4 cm)

. cut in the centre was attached to the front of the Ilght Between the neopryene and the -

light, a photographlc glass-mounted filter lT ffen AA # 29 dnameter =52 mm) could be .
secured The fnlter transmntted deep red to lnfra red wavelengths ltransmnsslon range =

600-800 nm). . The headlnght was palnted mat black except for an area at the front
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(diameter = 8 cm) to allow thelig‘ht to pass through the filter. The sides and back of
the fight were enclosed with foam'and electrical tape and also painted mat bla'ck to -
prevent Iight escaping from the apparatus.. In '1983 prelimlnary results at night were
obtained by using a flashllght with hard red plastlc (diameter = 6 cm, thickness = 1 mml
taped over the lens (diameter = a5 cm) The resuits demonstrated the flashhght beam
‘was weaker relative to that of the headllght this reduced the area llluminated by the Inght
‘and caused increased shadows and consequently more requnred observer movement,
The flashhght yvas not as effectlve as the headhght apparatus described above 1
determined whether the densnty of organlsms observed on the substrate was different
‘when observatlons were made using red light (with fllter) whlte light. (no filter), and no
light. These observatlons were made between 0750 h and 1300 h on two day's (June
19 and 20, 1984) at 30 min mtervals at different and adjacent sites. Séeven sequences
of the three observatlon methods, whlch were randomly chosen were used. ‘
~ To determine diel densities of the ben‘B\nc organlsms dlrect observations were
‘ made in 1984 on four series of dates: a new moon one (NM1} study on June 27 29 and
a new moon two {(NM2) study on July 25-28, and a full moon one (FM1) study on July
‘ 11-13 and a full moon two (FM2) study on August 8-11. Each series of observatnon
v'dates made up a 24 h day. Observatlons for each 24 h study were taken in four 6 h
'blocks to make up a24h day Twelve readmgs were taken ata 30 mnn mterval in each
"of the 6h blocks and there were 12 h between any of the four 6 h blocks in'a 24 h
day The fnrst 6 h block on the successlve four series of observatlon dates was
alternated to begln early (0630 h) or late (1830 h in the day for the two new moons and
the two full moons Wlthln any 6 h block observatnons were teken at 0. 5-1 0 m
parallel from the stream edge at 12 s:tes, begmmg at-the most downstreem site.

] Twelve sites were chosen to reduce the chances of recordung the same orgamsm twuce
. otk

| The Iongltudmal ax|s of the box was plaéed parallel wnth the stream edge and there was o

about 10 cm between each -of the 12 sntes The bottom of the box contalned two 20

- x 20 em quadrats (whlch were each subdlvnded mto four 10 X 10 cm quadrats each

'Zhence a tota!l of eught quadrats) a stopwatch and a ruler (scale =1 mm). The box was _

)

- Pplaced at a8 sste and left for about 20 mun pnor to startlng observatlons Before taklng L

v

.
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observations ! spent 2-3 min motionless, kneeling in‘posltion over the box. ‘Onl‘y rarely
did some of the nymphs teact to my approach by moving to"the sides or bottom
surfaces of the rocks, but uSually the nymphs returned to the upper surfaces of ,the
rocks All observations were recorded, in a coded format using a portable tape .
recorder to increase the efficiency of collectmg data and to minimize movements that
might disturb- the benthnc orgamsms ‘Individual orgamsms weare counted during erght 1
min'periods |n each ‘IO x 10 cm quadrat the most downstream quadrats were observed
first. The organlsms were |dent|fned and ttjlr body length (less the cercll recorded

,usmg a ruler in the bottom of the observatn box .Other factors relatmg to the

orgamsms that were recorded were the actrvnty of the msect nymphs i.e. if they were

N statnonary or moving or feeding. and the orlentatron of nymphs on individual rocks

relatlve to the substrate surfaces and current dlrectuon lR J. Casey upublished data)

| Durmg the test of the effect of the red Ilght and the four: 24 h studles of

observatlons the followung abiotic factors were recorded mcldent Ilght (Gossen «

. Lumasix meter gpout 10 cm above the water surface), an estnmate of the percent cloud i

' cover, water temperature and water depth Water velocity was measured at the end of

the observatlon penods Dlel drlft densmes were recorded in 1985 Two drlft

samples were taken at 3 h. lntervals over a 24 h'period on August 5-6 in an area 300 m
-upstream of: the study area. The draft nets had a large openlng (frame = 1.0 x O 5 m

mesh 0 21 ! mm) They were 2 m long and had a detachable cup at the end of the

They were placed about 10 cm above the stream bed
. comESUTS .o T s

" Data Treatment _ , _ .
o For the analyses the total number of orgamsms observed at any 30 min mterval
‘ {i.e. elght 10 x 10 ecm quadratsl was treated es one sample The elght quadrats were
_‘1_treated as one sample because if the quadrats were treated mdnvudually, the quadrats
"would not be true repllcates and they would be pseudorepllcated (Hurlbert 1984)
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new moon one (NM 1) study was done when the stream was in spate. At this tlme the
‘mean water velocuty (33 3 cm s*) and depth (8 «m) values were about twtce those of the
other 24 h studies T able - 1) Also, the substrate partucles were occasronally
.dtsturbed by the current during the NM1 study Durmg the full moon one (FM1) study
the new moon two (NM2), study, and the full moon two (FM2) study, | had difficulty
identifying some of the taxa because of’ Iarge mfluxes of small nymphs For all these ‘
. studies, C/nygmu/a and Epeorus nymphs were cénsndered in the Heptagenndae taxon. |
For the FM2 study the morphologically similar Baetis and Ameletus nymphs were treated
as a single group ‘Most of these nymphs were Baetis. Other taxonomic’ grouplngs of .
nymphs were: Total Fauna (NM‘I FM1, NM2 and FM2 studies), Baet/s (probably Baet/s
bicaudatus and Baetis tr/caudatus) (NM1, FM1, and NM2 studles) Drunel/a coloradensls‘
Dodds (NM1 FM1, NM2 and FM2 studles) C/nygmu/a (NM‘I study) and Ameletus (FM'I
and NM2 studles) |

Phototexls o / - E

' The densmes of Total Fauna Clnygmu/a and Baetls nymphs observed in dayhght

| wnth the red Ilght the Whlte light, and wnthout a llght source were not sugmflcantly

‘dlfferent among observatnon treatments (Fnedman test, p = 0. 73 0 11, and 0.51,.

, respectlvely) Cinygmula and Baet/s were the dommant taxa of the 457 orgamsms
- observed in thns test (35. 7 % and 62.8 % of the total fauna respectlvely) -The mean
_ mcldent I:ght readlngs (daylnght) -and red Ilght werg similar’ (24 903 and 26 886 lux,

' respectlvely) The whlte lnght was abOut twnce that of the red and amblent Iught (59, 086 |
qu) When thns test of the effect of Irght on the benthos was made all ablotlc factors ‘

S w ere sumnlar between dates except for percent cloud cover SR - T é’ g

- Moonllght S |
| To determme |f temporal trends in the substrate dtel densmes of the new moon
and fuII moon studles were sumllar I used Kendall 3 coeffucuent of concordance rank test

, (Suegel 1954 Conover 1980) The chn~square test was used to determme whether
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Kendall s coefflcuent values w) were sngmfncantly d)fferent from zero (Sle‘gel 1954); the

W values vary from zero (no concordance) to one (complete concordance) If the ' o
' Chl square results were sngmflcant it would suggest that the ranks (ofﬁa densmes)
between the mduvadual 24 h studnes were related Results are presented m Figures Ill 1
to -4. The diel dénsities- cf Total Fauna for the four 24 h studies were similar. (W =
0.48) and the ranknngs were sngmfncantly related between the two new. moon and the
two full moon studles (Figure lll-l) , ‘ .

Densmes of Total Fauna were generally low between 1200 h and about 1500 h
densmes then mcreased after 1500 h and decreased after dusk, and then there were .
again densuty mcreases pl"lOl’ to dawn After dawn the densmes were generally lowest
- ‘and below the mean densnty for the four studnes The Total FaUna group mcluded
Heptagenudae (44, 3% of the total number) Baet/s (17 4 %), the Baet/s-Ame/etus group
(26 2%), D. coloradensrs (5.8 %) Clnygmu/a 4. 0 %)Odme/etus (4.0 %), and mlnor *
groups (0 8 %) (T able IlI- 2) A total of 6, 503 orgamsms were observed in the four 24 h
studlas . o o ' S

‘ Numbers of C/nygmula nymphs were hlghest from 1200 h to dusk and Iowest in ‘
the dark penod (Flgure Ill 2). “The heptagenlid dlel densmes of nymphs\were snmllar w
. =0. 61) and lthe ranks were sngnlfncantly related (Flgure III~2) Although Baetis densntles |
over all of the 24 h studles were sumllar between studles (W 0. 32) the chl-square Cj
value was not ssgmflcant (Flgure lll-3) For the NM) and FM1 studnes demonstrated '
Baetls nymphs were generally greater than the mean densny after 1600 h and in the :
dark but in the NM2 study Baetis densntles were greater than the mean denslty usually
only after 1600h(F|gure w3 o et _‘ SR "

Because the stream was in flood durlng the NMl study, the results of my study \
may have been blased Therefore Kendall s coeffncuent of concordance and the |
chn-square test (on the dlfference between W and zero) were calculated for the Total
Fauna and the Baetis nymphs for the 24 h studles, but the NMl study was omltted
Snmnlar W coefflclents and the same cht-square test results were obtalned as when the R
NMl study was meluded in the analysas The Baetis-Ameletus nymphs had a sumular o
trend ln densutles to the Baetis nymphs in; the NM‘l and the FMl studnes (Flgure lll-3)



Kendall s coeffnclent was nelther calculated for Ame/etus nymphs because they were

. present in low densities (Table - 2) nor for D. co/orade/js/s nymphs because there was

‘ ‘a large number of ties in the data (anure - 4, and these analyses would be |
o mapproprlate Drunella co/oradenS/s nymphs were at greater densltles at nlght in the '
| FMI NM2, and FM2 studles (anure -4, Table Ill 2) The lncrease in dlel densmes of
\‘ ‘ -D. co/oradenSIs nymphs were synchronlsed wnth darkness ln contrast the other taxon ‘
groups especlally the heptagennds exhlblted thelr Iargest densltles well before the |
onset of darkness (Flgures llI 2to -4) The results of Kendall s concordance test .

' demonstrated that both the Total Fauna and lndmdual taxon groups exhibited similar

substrate diel densmes between the new moon and full moon phases. - °

-

Dark/Light Densltles

To determme if the substrate densmes of Total Fauna and the mdlvndual taxon

- ‘groups were proportlonally greater in the dark perlod (nlght) than in the' llght perlod

(day) the total dfnSItleS in the dark and Ilght perlods were dwnded by the number of' 30
min readings for each perlod in the four 24 h studles Indlces of the number of

’ “ ‘-orgamsms present in the dark, perlod dlwded by the llght perlod for each 24 h study and

| ‘.the mean of these lndlces for each taxon were calcfhated T able IIl 2). The mdlces of

- densltles mdlcated that for Total Fauna there were more orgamsms at. nlght than m the

. day When the mdlwdual taxa were consldered alone other trends were evndent T able

- 2) Drunella co/oradens:s nymphs showed the greatest mcrease m numbers at mght

. The Baetls-Ameletus group and Baet/s nymphs had the next hlghast densmes at nlght

r For Ameletus nymphs m the dark there was an mcreasa in densnty for the FMl study PR

and a decrease in dens:ty for the NM2 study (T able lll-2l The Heptagenndae had slmllar “

- ,densltles in the dark and the llght perlods (T able lll-2) Cmygmula showed a dlstlnct

' ‘_ ' nymphal densutles (Table Ill-2)

' tehdency for greater densmes in the day but only one 24 h study was exammed (T able
‘ ;lll 2) In short for Total Fauna the. hlgh mean denslty in the dark |s dua malnly to hlgh 1

. .densmes of D ca/oradenszs and, to a lesser extent the Baetls-AmeIetus and Bagtls
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Diel Peak and Trough Denslties .
By using a graphlcal method, | determmed lf the taxon groups showed common

| ’ hlgh (peak) and low (trough) diel densities at 30 mm mtervals Thls was done for Total
Fauha and mdnvndual taxa excludmg Ame/etus by selectmg the times of the three highest

spgaks and three lowest troughs (ties in the densities = one peak or trough) intwo 12 h
periods (1230 h to 2400 h and 0030 h toq 200 hM. D. T.) for each 24 h study Three

. peaks and three troughs were chosen because they would represent an estimate of the
‘average peak: and trough densities in a 12 h period. | chosep the 12h perlods because
peaks in the drift of most orgamsms in streams occur: elther side of midnight lWaters
1972). Thus mean times of a peak and trough were calculated for each 12 h perlod
Characterlstlc mean times of peaks and troughs were evident: and for the mdnvndual taxa,

‘ mean tlmes varied Ilttle from the mean peaks and troughs of Total Fauna (T able -3).

' Note that these mean times, dnd not oorrespond to. actual peaks and troughs of densities -

‘ because of the vanatlon assocnated in calculatnng the means (Table III 3 Flgures IIH to

-4l‘. Clnygmu/a nymphs had slmllar mean tlmes to the other taxa, but the tlmes of

' peaks and troughs were reversed relatlve to the other taxa (Table III 3. The percentage

‘ number of 30 mln readlngs requnred in any of the 12 h perlods to calculate a peak or

‘ trough ranged between 14 % and 28 % dependlng on the number of tles in densmes

The trough densmes for D. co/oradenS/s probably do not represent a real pattern :
because the troughs make up 40% and 54 % of the 30 min readmgs for the two 12 h
perlods (T able III~3 Flgure - 4) Because of the consvstency of the maan tlmes of the

. peaks and troughs of dnel denslties for the mdlvudual taxa i constructed a graph of the

- ‘Ethe mean tlmes of peaks and troughs for the four 24 h studles were plotted (Flgure

l-6). The mean benthos densuty for all studles ( i.e. 34 organlsms per 800 cm’) was

: g'*'used as a base denslty between the peaks and troughs (Flgure |II-5) The graph of the o

- dlel peruodlclty in. denSIty of the Total Fauna was compared with pubhshed results of dlelé -

b periodnclty m densmes and the druft of aquatnc msect nymphs (see Dlscussnon)

o



Drift

| AlI taxa observed on the substrate by the durect observatlons except Ameletus

nymphs were found in.the drift samples - But only C/nygmu/a E peorus, and Baet/s -

were common in the drift. Mean number and range of nymphs per sample lnterval and
the proportlonal -abundances of nymphs in the dark perlod divided by those in the light
perlod are presented |n Flgure n-6. Drlft of C/nygmu/a and Epeorus nymphs increased
in the dark with a peak occurring at 01 00 hM.D.T., although the numbers ‘of Epeorus
,‘:‘were low. For‘ Cinygmula and Epeorus there were proportlonally more nymphs in the
drlft at nlght than in the day Baet/s nymphs exhlblted two peaks of drlft the hlghest

mean number belng at 1600 h, the second peak was at 0100 h. However, there were

still proportlonally more Baetis nymphs present in' the drlft at night than durmg the day.

Slze Class Differences
The organlsms were separated into two size classes based .on body Iength to

determlne lf small ‘and large nymphs showed the same trends in dlel densnty on the

‘ substrate as when the nymphs of each taxon were treated as a smgle size class

. Maxlmum body Iength of nymphs maklng up the Total Fauna group was 12 mm. The

size classes chosen were 14 mm (small) and 5-12 mm (large) these slzes/maEa up 57 %

and 43 % respectlvely, of Total Fauna Dlel densntles Kendall s coefflcaent and the

_____

' chl-square statlstlcs of the small and large stze classes of the heptagenud and Baetls

' )Q@”‘

: snze class angure hi- 2) Most of the Cmygmula nymphs were Iarge The dlel densmes

nymphs are presented in anures lll 7 to - lO Drune//a co/oradens/s nymphs were -

lmostly in the large slze class Both small and large Cinygmula nymphs had a trend m

,?fel densmes (Flgures Ill-7 and -8) slmllar to ,,when the nymphs were treated as a smgle

-of small nymphs of the heptage‘md group (Flgures lIl-7 and -8) were slmular to the _
' pattern for the Heptagenudae group when they were treated as a smgle s:ze class lFlgure

‘ 'Ill-2) but thls was not the case for the large slze class of Heptagenudae nymphs

However for both the small and large size classes ‘of l-leptagenndae nymphs, the dlel

R . densltles were slmllar between the 24 h studles and the ranks of the densltlea were

.
°



e densltles of Heptagenudae (r = 0. 48 p <0. 001) Cmygmula (r = 0. 59, p <0. 001)

'Ablotlc Factors o

- {-0. 08 and 0 04 respectlvelyl were not slgnlflcantly dlfferent from zero p>0. 05)
1 Water temperature was posmvely correlated wnth the dlel densutles of Total Fauna (r

‘~.,‘0 60) and thls assoclatlon was sngmficant (p < 0 001) Water temperature and dlel

56 .

significantly related (Flgures - 7 and ~8)

For Baet/s nymphs, there were more small nymphs in the dark in two of three

studies; these were similar to when the nymphs were treated asa smgle size class :

(Figures lIl~3 and -9) ' Large Baet/s nymphs had similar densltles over-two of the three
24 h studles but had’lower densities in the dark durlng new moon two study (Flgure . .
m- 10) For the small and Iarge Baetis nymphs the densmes were not sugnlflcantly

related between the new moon and fuII moon studies (Flgures s and 10) The small

" Baetis- Ame/etus nymphs showed a trend sumllar to when all the nymphs in thls group
‘ ’were consndered as on; SIZB class (Flgures -3 and -9) But nymphs |n the large size -
' class did not have any apparent pattern (Flgure lIl~lO) Kendall s coeffecnent and

chi- square values for the small and large size classes of the heptagenud and Baet/s

' _nymphs were similar to those when the sizes were considered together.

D O

oAt

N

Each of the ablotlc factors recorded durlng the four 24 h studles was

: sngnlflcantly dlfferent (Friedman test o) < 0 05) between the four studies (T. able n-1).

However when the mean of each ablotlc factor was calculated for the two new moon

and two “full moon studles they were sumllar except for water velocuty and depth (T able

N lll~ll To determlne lf mcrdent Ilght percent cloud cover and water temperature were
' ‘related to the dlel dens”‘tnes of the nymphs on the substrate l used the Spearman rank
' correlation tests Incldent light and cloud cover were not correlated w:th the diel

| Ldensmes of Total Fauna and the correlatlon coeffec:ents (r ) for these ablotlc factors

| .and D coloradensis (r \— 0 16 P > 0 lO) were posltlvely correlated However Baet/s
‘ \', and BaetisAmeIetus densmes were negatuvely correlated wnth water temperature ‘§s
B -o 22 p<0. ot and re -v-o 01 P> o 50, respectlvely) ‘
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. D.DISCUSSION | .

Nymphel Behevuour N . N ‘ ‘ v

When I made the observatlons there were characterlsth réactions by the nymphs

" to movements by me, presumably due to nymphs percelvnng my silhouette agamst the

sky. For example Clnygmu/a nymphs were easily dnsturbed when | suddenly moved
The nymphs would move qunckly from the top to underneath the substrate But if |

moved slowly or only slightly, the nymphs usually dld not react to my presence

LR

3 peorus nymphs were less easnly disturbed than C/nygmu/a nymphs by movements, and .

Baet/s, Ame/etus and D, coloradensis nymphs generally did not seem to react to my

m0vements, Similar reactions of heptageniid and Baet/s nymphs“have been reported by ,

other workers (Madsen 1968, Allan et al,, 1985),

\ A
. . . ' \

Photo‘te;{ls‘

. Red light is a co‘mmon method used to o‘bse‘rVe benthlc organisms in the dark
Where the potenttal effect of red lnght and dim whute ltght has been tested no effect has
been found (Elllott 1968 ]970 Balley 1981) In my study, when | used the red hght
(600 900 nm) at night, the ‘nymphs dld not seem to react as much to my movement as

they dnd durmg the daylught There ns little ev:dence that wavelengths greater than about

650 nm are visible to msects one exceptgon is the furefly Phat/nus (Burkhardt 1964)

a| found equal densutnes of Baet/s and C/nygmu/a nymphs when observed wnth red

_hght whtte hght and no Ilght in the dayllght Thns suggests that the use of the red and
§ whlte llght dld not affect the orgamsms and that the nymphs are not negatnvely ‘
' 'phototactlc Bohle (1978l found sumnlar numbers of Baet/s rhodam nymphs in shaded

e and |llummated areas in a Iaboratory stream Nevertheless my lught observatlens

generally contrary to other workers results for Baet/s and heptagenud nymphs

,. (WodSedalek 1911 Lyman 1945 Scherer 1962 Elllott 1968) The red and whlte Iught

' lthat 1 used could be seen clearly (the red hght less so) on the substrate when the

'observataons were made in the early mornmg shmmg the llght beam directly on the "

o ko
‘. ] . \ . ' o - . P

e
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. nymphs'appare‘ntly did not cadse a negative phototactio response, It would be

informative to study more immature aquatic insect reactions to light, especially in the

N . 4 .
field instead of in the laboratory, because the artificial conditions of the laboratory might"

" altercan organism’s behaviour, For example, Elliott (1968) found that the nymphs of

foer‘of five ephemeropteran genera did not show a negative phototaxis when water
‘flow in an artificial stream was stopped. When water was flowing the nymphs were

negatively phototactic.

Moonllght

To my knowledge my stuc _, ‘the first where the diel densities of the benthos

_have been compared between new moon and full moon phases, Although Allan et al.,

. (1985) did not dnscuss the effect of moonlight on benthoa diel density, they made direct

observations on C/nygmule and Baet/s nymphs at approximate new moon and full moon
phases in a Rocky Mountain, Colorado stream. They made observations on two

occasions in 1983.' one during a new moon and the other about seven days after a full

" _moon; in 1984 they made observations’ twice when there was a full moon. Tﬂheir'

results would indicate that diei benthic densities were similar between the new moons

_ and full moons. Hence their results are snmllar to mine, although their study was done in

a d»fferent geographncal location.

Py

Concernmg insect drift, it is not clear whether moonlight has a depressant effect

" on the drift of msects Such an effect has been suggested by several-workers (e. g.

Waters 1962, Anderson 1966 Blshop and Hynes 1969) However, other studies
indicate that moonhght has no effect on drift [Eiliott 1967 Elliott’ and Minshall 1968,
Chaston 1969, Waters 1969).° I could not detect light interisity dlfferences between a

new moon and full moon when usmg a small hght meter Chaston (1972) when

~discuss'ing possible causes of drift, suggested that the differen'ce in incide‘nt light

'between a full moon and no moon may not be- 1mportant to the benthos. This is

because the maximum value of mcndent light for a full moon (O 25 lux) was below. the

thrashold level of hght (about 1.0 to 1.6 lux), as reported by Holt and Waters (1969) and

g ' '
L] ' . -
.
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phaston (1969), apparently needed to initiate bebavioural drift, Hoster, a low"ei; drift “
threshold of 0,01-0,001 lux was found by Bishop (l969). In my study area of Dyson

Creek, direct illumination from a full moon did not fall on the stream bed (where the -
obsérvations were (nade)“ during darkness, because the study site was in a “moon |

shadow"” accounted for by surrounding gorge walls, Obstructions to moonlight may be .
important to aquatic insects that can dnly perceive direct illumination (rather than

dispersed light) from the moon. Thus moontight may only have an affect in strsams

where direct illumination reaches the substrate. Other factors which could have -

affected the results include cloud cover, wstsr velpcity and dgptm. For example, during

the full moon studies 50 % clpud cover occured during the dark' period aithough this |

o

was rare. "

Dark /Light Densities
My results mdncate that nymphs of certam taxa were found in greater densmes

on the top of the substrate at night. Studies on the diel densities,of immature lotic
insects.in the field and in the laboratory have also shown increases in number at night
(Moon 1940, Elliott 1968, Carnpbell 1980, Bailey 1981,' Mogel et al., ‘1985l. - But some

, wofkérs havs found greatest densities during the day (Graesser and Lake 1984, Statzner
. and Mo‘gel 1984, 1985, Allan et al., 1985l and other studies indicate no differences
betweén day.and mght (Clifford 1972 Kovalak 1978, 1973, Wiley and Kohler 1981

Kohler 1983).  Some of the disparity in these published results, other than differen‘ces
due to different taxa, are possibly accounted for by the method of samplmg the sample ,
interval, and whether the study was conducted in the laboratory or field.
| Sampling the benthos’ with a sampler as opposed to making direct observations v
causes diswrbance to the substrate, and the orgamsms collected from the upper layer
of the substrate are not necessarily the organisms that were on the top of the substrate
prior to taking the sample (also see Discussion in Allan et al., 1985). In several of the
stJd‘iésf Eited abbve, the day anyd night samples of the benthos were taken at only one

L

time in the day and once at vnight. Since my results indicate a large amount of variation
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over a 24 h study, even between consecutive 30 min observation intervals, it would

seem advisable to take frequent samples during a 24 h period.: ‘When there are ion'g
intervals between eaily samples, the sarnpiing times chosen are important, For example,
in my study with 30 min sampling intervals, equal benthos densities occurree in the dark
and ‘light periodswin Dyson Creek (also see Bailey 1981, Wiley and Kohler 1981, Allan et
al., 1985). Determining the most ‘apbropriate daily sampling time would appear to be
difficult given the high variance in my study. In the laboratory, it is easier to control
factors such as immigration and emigration from the substrate. In the field, this is

difficult, if hot impossible, to control satlsfactorlly for a small area of stream bed’

(Kohler 1983) But Iaboratory studles cannot replicate biotic or ab'otnc factors as they

are in the field, and some of these factors most likely influence the diel behavuour of the
benthos. * Thus a Neld study using direct observations will cause the least dnsturbance to
results will most likely best describe the actual situation.
Most field studies that employed direct observatiens on Ietic insects have
demonstrated density increasas in the daylight (Statzner and Mogel 1984, 1985, Allan et

al., 1985). Statzner and Mogel's (19‘84,.'1985) studies were done in Germany, and

Allan et al., (1985) study was done in North America. In both the North American ahd

Gerrnan studies, the imrnatures of Baetis, Cinygmula and Miérasema (Braehycentrid‘ae:
Tnchoptera) exhlbnted high daylught densities on the substrate and low nocturnal
densmes the sharp change in’ dnel densmes ln these studies appeared to be a durect
response to incident light. The dayhght denslty peaks in Dyson Creek, relative to these

studies were skewed more towards the dark period, and there was proportionally more °

- nymphs at night than during the day. In a Michigan, USA stream, Wiley and Kohler

(1981) used cinen'iatography over two consecutiye 24 h periods and found no apparent

disl periodicity of Baetis vagans nymphs. The authors attributed this to volitional

.movements by the nymphs .

To my knowledge the Dyson Creek study is the first using d|rect observatlons to
show a nocturnal increase in densities of Ephemeroptera nymphs there is one study

showing a nocturnal mcraase ln a tnchopteran Hydropsyche {Hydropsychidae) larvae in a

, German stream (Mogel et al., 1985).
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The taxa observed in my study are eaten by fish althou‘gh there are no fish in the
study area of Dyson Creek {see Chapter It). ' The absence of fish is not believed to have
influenced the results, since aquatic insects most, likety evolved in the presence of fish.
predators (Allan 1983). Since fish are visually foraging predators, the insect nymphs
.would be expected to experlence reduced predatnon pressure by avoudmg the top
surfaces of the substrate during dayhght

There are other predators in Dyson Creek (see Chapter i) which include tactile
foragers such as perlodid (Plecoptera) stoneflies, sorne of which exhibit a die!
periodicity (Walde and ,Davies' 1985). These stonefly predators, which are fast moving’
foragers, most likely affect the distribution of« their prey. ' Invertebrate predators such
as perlodid stonefhes and Rhyacoph//a larvae, both of which are present in Dyson
" Creek, have been shown to have sagmfucant influences on the dlstnbution and abundance
of theur prey which include mayflies (Wiley and Kohler 1981; Allan 1983)

In Dyson Creek most of the organisms observed were cryptically coloured

Functlonally, cryptuc colouration of aquatic insects may have evolved as an avoidance

. . mechanism to predation, especially to a visually-foraging predator that feeds in the day.
There is evid‘ence‘that cryptic colouration is more effective’ avoidance mechanism at low 3
nllummatlon (e g. dawn and dusk) relatnve to full dayllght (Otto 1984) 'Nyrnphs therefore :

may restrict their actuvnty to low Iught Ievels and darkness rather than being actwe durmg '

full daylight. Thus, [ suggest that benthlc insect nymphs may restrict most of their
activities to the top of the substrate in the dark, at dusk and at dawn to reduce
predation. This would explam the diel densities observed for most taxa in Dyson’
Creek' In the few observational studues where the samplmg mterval ‘was less than 1 h '

and the diel densmes were greatest durmg the day, there was a tendency for peak

-

densities to occur close to dusk (e.g. see figures in Statzner and Mogel 1984, 1985).

°

-

Drift

P 2

The taxa in Dyson Creek exhibitgd similar diel patterns in benﬁicdensities (with

the exception of Cinygmula). To determine if drift was re_lated to diel density on'the

o - . . . . ‘

\
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substrate, the graph of the diel periodicity of the mean times of density peaks pnd |
troughs of Total Fauna on the substrate can be comp'ar:ed with the typical diel period'icity
of drifting insects. Drift of benthic insects characteristicaliy shows a peak in density
after darkness with a second peak, often of smaller magnitude, before dawn, The .
nocturnal increase in drift is generally of several or_ders of magnitude (see reviews
Hynes 1970 Waters 1972, Muller 1974) The graph of diel densities of Total Fauna on
the substrate appeared to be shaped sumilarly to the dial periodicnty documented for
drift studies (i.e., two density peaks). Howaever, the first vpeak in the diel substrate
densities occurred about 1 h before darkness and the magnitude of density increase was
small relative to that found in most drift studies (e.g, Holt and Waters 1967, Elliott
1969). The second peak in the graph of Total Fauna was at a time similar to the second
.peak in the drift, i.e. 1ust before dawn. However, the overall nocturnal substrate diel .
density increase was of smaller magnitude than that of the drift. My drift results for
Dyson Creek nymphs showed.no second peak possibly due to the large sampling .
" intervals. Also, the drift peak ocourred well after the observe'd density peak. .
 The drift peaks for the Dyson Creek fauna were perhaps smaller than would be”
expected ‘from other drift studies. The substrate diel density peaks of the heptagennd
nymphs were most obvious and co'nsistent between 24 h studies, and there was a |
, 5uggestion that they may precede peaks in drift But the heptageniiddrift pea'lt ’
occurred about 5 h after the substrate den5|ty peak, and it was difficult to determine if
‘there was a second drift peak Baet/s nymphs are often reported to be one'of the '
'vmost abundant of driftmg insects. and Baetls nymphs usually exhibit very large
behavnoura.i drift peaks (Waters ’ 1972). - If the diel densities of Baetls on the substra_te |
were reI:ted'tg,-their abundance in drif_t, the nymphs would be e)tpected to show_the‘ .
. most pronounced substrate.diei‘density peaks. ~This was clerarly not the case inmy |
study. | ‘ o | | ‘ . |
_ Given the Iarge sampiing interval used in my study of drlft I suspect that' more
fr,equent samples would give a better picture of. the relationship between the benthic and
drift. densuties. There is little evidence for: '8 relationship between drift and diel densities
_ of immature aquatic insects on the substrate in ijson Creek However I did not

{
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. ‘measure the sub‘strate and the drift densities of the nymphs at the sa'me time or' at the
same locatlon in Dyson Creek. But in studles where the substrate and dnft densmes
have been measured at about the same tume no clear relatnonshlp was found in elther :
Alaboratory studles {Elliott 1968, Bohle 1978) or field studies (Balley 1981 Kohler 1983,
Graesser and Lake €84, Statzner and Mogel 1984, 1985). A possible‘e)iceptlon is a
study by Mogel et al., (1986) who found that the drfit of Hydropsyche (Hydropsychidae: [
Trichoptera) larvae appeared to be related to when activity, including'migratlon and - |
aggressive encounters on the substrate, .were most prevalent. Such activities may
' indicate either an active or accidental depgrture from the substrate. Considering the
siz’e o'fv my drift nets the potential a‘rea of substrate and the volume of water sampled,
‘ drift numbers are remarkably small when compared to the direct. observatlons of-
benthos densities in Dyson Creek. Since the disl drift and substrate densmes do not -
appear to be related in my' study, the accidental displacement from the substrate‘ by the -
be"nthos»‘was' not an important factor in causing a drift periodicity of the nymphs |
‘Kohler (1983) stated that mlgratnons to and from the exposed surfaces .appeared
“not to dislodge orgamsms into the drift. When | made observatlons of the nymphal
substrate densutles in Dyson Creek | noted mcldents of drlft occurrmg Drlft was
recorded as nymphs Iandlng on the substrate from the water column or Ieav:ng the
substrate into the water column or both. Of the 6503 orgamsms ] observedt_hat only
“ 51 (i.e. 0. 008 %) ammals drufted This is a very low proportlon of the benthos that
. would be expected in the dnft given my values of observed drlft for a 24 h perlod If
drlft is a result of an actlve release and not an accndental dlsplacement it |s dlfflcult to -
'determme how this may be‘measure{d, since the observed lncldence of drrft is so low
and the 'substraate die‘l,density does'got appear to be related to drlft. ' 'Alsoy,’_ | was unabl_e :
to determine if the drift I'observed was delibrate or accidental. o |
Slze CIass leferences

Durlng the observatlons in’ Dyson Creek I often observed that small nymphs did

no‘t'react to my movement as readily as large nymphs. Thls .was especually evident for

0



. ‘ ’ ‘ ' ‘ N
the heptageniid nymphs. Larger nymphs are probably seen and preferred by flsh N

because of their greater size, movement and nutritional value. For the two snze classes
: of msect nymphs in my study, | predicted that larger nymphs would show increased ‘
densities at night to reduce predation from visually- foragmg predators and smaller
nymphs would show an aperiodic density or & density’ mcrease in daylight. This
hypothesns is snmular to one. proposed by Allan-(1978) as a mechamsm in drift, whereby
lar‘ger nymphs were expgcted to dnft at mght to avoid predation and small nymphs
'would be. apenodlc or increase in abundance in the day. In my results the diel densities
of small heptageniid nymphs mcreased in duurnal densities and this supported my
. hypothesis. - However the Iarge heptagenuds did not appear to increase in the dark.
For Clnygmula small nymphs were apenodlc and large nymphs decreased in abundance
~at mght Small Baetis and Baetls Ameletus nymphs were more common at mght and the
| large nymphs of these groups had aperlodlo dehsntles ln the 24 h studnes . At the Ievel
- of size classlflcatlon |n my study there is little evudence to suggest that the densmes of
| small and Iarge Ephemeroptera nymphs supported my hypothests
'Ablotlc Fectore 5 R k o
.» lncldent light has been shown to be lmportant in the control of dnft (e g Blshop |
1969 Chaston 1969, Holt and Waters 1969) and llgl“lt was expected to be lmportant in
" the control of dlel benthlc densmes of the nymphs in Dvson Creek - For example. in the Ea
| .‘ laboratory, photoperlod has been shown to affect benthos dnel densmes when o |
' 'temperature has been relatlvely constant (e. g Elllott 1968 Balley. 1981) But in my
'study, mcudent llght and cloud cover were not correlated wntl»the dlel benthlc tiensnty of | R
-~ Total Fauna Perhaps this. was due to the high. vanance ‘of I l‘ght and cloud cover. .

2 \between the 2 h samplmg mterval and wrthnn any 2h per;od Also the scale at Whlch

B “.these faotors were measured may not be blologlcally lmportant

Water temperature whlch exhlblts a datly cycle was correlated wnth the

substrate duel densltles of Total Fauna and most taxon groups Thls would be expected

. smce an mcr'ease |n temperature may Iead to an mcrease m 8CthltY lsee below) When Co



water temperature increases the nymphs that would have‘_been on the-bottom: of the
substrate migrate to the top sUrfaces to feed. However, not all of the taxon groups in -
Dyson Creek were posltively correlated with water temperature. For aquatic insects,
an increase in water temperature would result in an increased metabollsm and\thls would
be expected to be directly related to observed activity and denslty on the top of the
substrate But if this was the case in Dyson Creek the second peak in substrate
densmes for example could not be explamed by water temperature Allan et al,,
(1985) found the substrate diel densities of C/nygmu/a and Baetis nymphs to be
-.posltlvely correlated with water temperature In other studies. where dnrect
observatlons were made substrate diel densities and water temperature appeared to be
,posmvely correlated also (Statzner and Mogel 1984 1985) Although mcadent llght (and
‘ water temperature in some cases) was not correlated. wnth the diel densltles of any taxa
’ |n Dyson Creek the photopenod and thermoperlod may affect larval behakur euther
separately or synerglstlcally For example Beck (1983) in recent revnew stated that

' thermoperlod may be actmg in concert with photoperlod for example to entraln a

~ circadian rhythm The exrstence of a clrcadlan rhythm in the d:el perlodlcny of\ aquatlc o s

‘.msects has been suggested prevnously (a,g Harker 1953 Elllott 1968) In streams

‘where there is httle ﬂuctuatlon in temperature or llght over several months aquatlc | ‘
| . msects had actnvnty patterns that appeared (ts be based on a cnrcadlan rhythm (Muller . .
.l.1974) ‘ ‘ . -
' “ To account for the observed diel dens:ty changes of nymphs on the substrate, .
propose an extrlnslc factor that to my knowledge, has not prevuously been consndered :

- |n regard to dlel changes un densuty of aquatlc msects It is the angle of the plane of

polanzed sunllght whlch has been demonstrated as a mechamsm of orlentatnon for

. 'certaln arthropods (see revnews Mazokhnn-Porshnyakov 1969 Waterman 1984)

compound eye and the snmple ocelll ‘of arthropods are capable of analysmg and
. Lirespondmg to polanzed llght Thls has been demonstrated |n terrestnal and aquatlc

organlsms ‘such as cladocerans (e g, Mazokhln-Porshnyakov 1969 Waterman 1984)

" Baylor and Smlth (1953) found that tnchopteran larvae were capable of orlentatlng to a:' RRNSE

R 'polarlzed beam of lnght Sky-polanzed Ilght is most evrdent in the mommg and in the

Doa s .



evening, and such lnght has been suggested as a mechamsm controllmg the dlurnal ‘
“migration of plankton {Baylor and Smlth 1953) Therefore smce aquatnc arthropods
possess eyes suntable for analysnng polarlzed hght they may have adapted to the diel
| ‘pernodtcnty of polanzed llght . :

Sky-polarized lught observed at a given ponnt will vary wnth tactors such as
-position of the sun, cloud cover, and the screening effects of vegetatlon and other
Iandmarks (Waterman 1984) ln my study, the sky was completely overcast on several .
' occasnons when the dlrect observatlons were made and dunng these condltlons '
polarlzatlon can be excluded (Waterman 1984). However insect nymphs may be -
| , capable of rememberlng" the posutlon of the sun, relative to landmarks, based on.

vprewous expernence when the sky was clear Thns has beeanound for the honey bee ‘

under overcast sknes (Waterman 1984). At the specnftc locatuon of the observatnons in

Dyson Creek there was no overhanglng vegetatlon and the stream substrate was
xsub;ected to dlrect solar radlatlon from about 0830 1830 h M.D.T. each day. Between |
. 1830- 0830 h M.D.T., the sun was obstructed from this area by the surroundmg gorge
" and Vegetatlon in the graph of the diel densuty of Total Fauna, the 1830 h and 0830 h

k tnmes corresponded approxlmately ‘with the troughs in dlel denslty, between 0830 h and e

N 1830 h the behthos exhlblted |ts greatest densmes Therefore the observad diel
B “denslty pattern may be explalned by a threshold plane of polanzed Ilght or the degree of |
, polanzatlon lnltnatmg an lncrease in densuty before darkness and a decrease in dens:ty
| 5after dawn 1 would expect symmetncal changes before dusk and after dawn when

R the sun was at equlvalent angles relatlve to the water - This expectatlon is supported to- e

g some extent by my results however there is an unexplamed decrease in. denslty of

‘ ', ‘:“‘Total Fauna prior to dawn Also polarlzatlon alone would not appear to explaun my

results for example, the decrease in denslty between the two nocturnal peaks But asl K
L suggested several factors may mteract to affect the organlsms ’ T
Polaruzed llght may be modlfled by several factors for example an mcrease |n

‘ fturbldlty of the water Thls occurred in Dyson Creek dunng the new moon one study '- |

e :k‘ ‘when the stream was in spate The mcreased number of suspended partlcles probably .

. '_altered the polarlzed hght and thls would potentlally affect the nymphs Although I dld o



‘. A

T not observe a defmnte dael change in densnty the increased water velocity and erosaon

 from suspended partucles most hkely affected the orgamsms also,

0 Jn view of recent studies on diel changes in densuty usmg dlrect observations, ‘it
wou)d be informative to record the occurrence of dlrect ilumination on the substrate
and also to consnder obstruct?on\s tb this hght {e.g. the water surface, vegetatuon the
observer and the observatnon box) to determune if they play a role in diel densnty
Whule the lncldence of dlrect |llum|natnon is easy to obtaxn polarlzatton of skyhght may
be very dlfflcu)t to study especually m the fleld

<7
Conclud)ng Remarks S o o , | o _‘
A)though the dally and seasona! cybles of the abuotac factors may be important in
mf)uencmg dlel densmes blOth factors are probably of consnderable |mportance also.

Aquatnc insects may. have trade offs between thesr rate of metabohsm (related to -

" F.,v" amblent water temperature) and predatlon pressure at different tumes of the day Thns
- could be. reflected in the dne) penoduclty of densuty of orgamsms Some examples of -
bnotnc factors affectlng duel densntues mclude predatnon,(see above) and crowdmg For .
example Balley (1981) noted an mcrease in actlvnty mc)udlng feedlng and swummmg |
g when the mayfly nymphs were crowded on the substrate there were no fISh at the ‘
| g study site, Although the substrate dnel densnty pattems of my study appear to be snmnlar
between dates at a gwen sute further studnes usmg dlrect observatnons are needed to :
determlne if the dlel densnty patterns l observed are consustent wuthin and between : ""‘“
geographlc reglons The extstence of a snng)e ablotuc or blotuc factor determimng dlelvi. :

- densnty of the benthos is st|II to be demonstrated



Table (1. Mean and standard deviation (in parenthesest of the abiotic factors Smmqumm.QCwmsm, the ﬂ.o‘cﬂ 24 h studies of L
observations on new moon one {(NM 1) study. on’full moon one (FM 1] study; on néw moen two. (NM2) study, and full' moon I

two (FM2) study. The_ probability levels of the Friedman test (* = p < 0.05, ## = p < 0.01,#ux = p <0.001) to .nc.ﬁ_,“:::m -

differences between the 24 h studies. and the mean of the two new moons and two full moons are indicated.
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+ Table -2, Total number of organisms observed and indices of the proportional
densities of taxon groups of Ephemeroptera nymphs in the dark period over light period
(Dark/Light) for the four 24 h-studies of observations (NM1,FM1,NM2, and FM2), The
méan of the Dark/Light indices for each taxon group is indicated. See Table ll-1 for

details. ‘ -
: Number © - Mean
‘ S Organisms .+ Dark/ Dark/ |
Taxon Group o ;24 h Study ~ Observed Light - Light,
| . . )
" Total Fauna ‘ NM 1 750 1.05 DR
~ . EMI C1271 100 0 a2
NM2 1697 ' 1,07 '
FM2 2769 1.26
Cinygmuta . - " NM1 267 060 -
Heptageniidae CORMT 732 - 094 ‘
| o ‘  NM2 1225 1,00 1.03
FM2 919 1.16
Baetis . Nwn B2 141 -
oA . . FM1 463 - 1.34 1.21
. o NM2. 217 . 083
 Ameletus . CORMT . 34- o 123 . . 097
S Y73 65 . 070 .
Bactis-Ameletas . EM2 ' 1700 126 o
“Drunella coloradensis . NMt .7 300 _
R B CFRMT 3 . 159 o
NM2 180 - 230 . . 264!
FM2. . 212 . 4.02

| T NMT was not included in this calculation.

O

s

69 -
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Table n-3. Mean times of density peaks'and troughs of the taxon groups of
Ephemeroptera nymphs for the four 24 h studnes of observations (NM1, FM1, NM2 and
‘ ‘FM2) See Table -1 for details.

.
1230+ 2400 h 0030 - 1200 h
. Taxon Group 24 hStudy - Peak ‘ ‘Trougﬁ -, Peak . Trough
- Total Fauna '~ . NM] T _ ‘ o
= L M1 2030 1730 0330 . 0830
NM2 . , . :
: . M2 | . |
~Llnvgqgs " NMI . 1600 . 2000 0700 © ' 0500 '
Heptsgenidae . . FMI T ; | o
| : ‘NM2 © 2000 1500 0400 0900
. FM2 o o |
Baetis o T nNm B .
o "FEM1 - 2100 1700 0500 * 0630
NM2 A
 BeetisAmelewss ' - FM2 . 1930 -~ 2200 0330 . 0830
Drunella coloradensis . NM2- 2000 . 1330 0230 - 0830
' .




" Figure lil- 1, Densmes of Total Fauna per 800 cm? of ‘'substrate at 30 min |ntervals
durlng the four 24 h studnes of observatnons Oon new moon one (NM1) study, on full
moon one (FM1) study, oh new moon two (NMZ) study, and 'on full moon two (FM2)
study Kendall's coeffecient of concordance (W) anq the probablllty Ievel of the

” chi-square test (* = p < 0.05, ## = p < 0,01, v = p < 0 00+, NS = not significant |, e'
p > 0.05) are mdtcated Horlzontal bars represent darkness ‘The maan.density for .
~each 24 h study is’ shown by the horlzontal line.. |
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Figure -2, Dénétties 'of Cinygmula and Heptageniidae nymphs during the 24 h studies
of observatiohs (NM1, and FM1, NM2, and FM2 studies}). The mean density for ea\ch 24

h study is shown by the horizontal lice, See Figure -1 for details,  ~
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" “Figure III-3. Densities_okf Baet/s and Baet/s-Ame/etus nymphs during,the 24 h studies of
observations (NM1, FM1, and NM2, and FM2 studiés). The mead'denéity for each 24 h

study is shown by the horizontal line. See lf.Iguré -1 for details, —
N ,
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Figure -4, Den&es of Drum.;fla c'olpradéns_is nymghs during the 24 h'gtudies of hl
observations (FM1, NM2, and FM2“studies). The mean density for ihe NM2 and FM2
‘ studi_es v:/ere four and three organi~sm\s respectively. See Figure n-1 f.or détails. ’ "
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Figure II-5. Modst B‘f the mean densities of Total Fauna per 800 cm’ at the mean times
- &f density peaks and troughs, dukihg the f.dur 24 h ;tudieé of ‘observations in Dyson
_ Creek. Mean density of the four studies was 34 orgnisms. - The horizontal bar

represents darkness., See text for details. . e
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Figure ll-6. Mean and range of two concurrent drift samples of 'Epheméfoptefa

" nymphs taken at a 3 h interval over a 24 h period. The proportion of,nympﬁé in the

dark ben‘od over light period-is indicated.by D/L.. The holrlizpntal bar reprpseﬁts*

darkness. CL e
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-Figure -7. . Densities of small(1-4 mm) Cinygmula (NM 1) and Heptageniidae (FM1, |
ll\‘l.M‘?., and FM2) nymphs during' the: 24 h studies ‘of obgervations, ‘See Figure -1 for
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Fvgure -8, Densities of Iarge (5-12 mm) C/nygmu/a (NM1) and Heptaganndae (FMI

- NM2, and FM2) nymphs durmg the 24 h studnes of observatnons See. anure IIM for
details., o o e .. ! ,‘"
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Figure -9, Densities of small (1-4 mm) Baet/s (NM1, FM1, and NM2) and
Baet/s-Ameletus (FM2) nymphs during the 24 h studies of observations? See Figure N~ 1

"

for details,
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Figure i-10. Densities of large (5~12 mm) Baet/s (NM1, FM1, and NM2) and
Baet/s-Ame/etus (FM2) hymphs ‘during the 24 h studies of observations. See Figure IlI-1

~ for details,
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v, concwomq DISCUSSION ¢

) My studies pertauned to !mportant areas of the ecoiogy of |mmature aquatnc

"insects, namely the distribution and. abundance of stream mvertebrates on substrate '

partlcles ln relation to substrate characteristlcs and the ab|ot|c enviropment of a stream
ecosystem The stream invertebrates ‘at'my study sate were mostly Ephemeroptera

taxa; however other aquatnc msect groups were also present e.g, the Plecoptera

) Trnchoptera and Polycél}s coronata (T urbellaraa) Much of my work dealt with direct’

. observations as a means of obtammg data. .. I believe this method should be used more

in future studies. This method causes a minimum of disturbance to the habitat while
obtaining information on organisms in :a‘ retatively ,undisturbed system, Direct
observations may be criticized as not being a preferred method in o‘btainingecological
data, because such observations are descruptnve rather than experimental, However,
dnrect observatlons may be combmed with an, expenmental approach for example,
where I mampuleted substrates m baskets and made observatnons on these substrates
(and see-Peckarsky 1983). Also, as a describtive method alone, dnrect observations

have been little used in stream ecology. ‘Qbservatnons of an organism’ s behaviour and

 interactions with other ‘organisms are fundamental to our understanding of aquatic insect

‘ ecology For example the premlse that benthic macromvertebrates ‘migrate to the tops

‘_not domg my sample observatnons) to movements and 1 feel that maJor sudden _

of substrate partlcles malnly at mght has only recently been examingt in the field (see

3

. Chapter .

Undoubtedly dlrect observatlon caused' dnsturbance to the benthlc orgamsms

' especially when | approached the observatuon box after it had been in place before a | Co

‘ sample observatlon On numerous occasuons | testad the reactlons of orgamsms (when

movements of my sllhouette agamst the sky caused most dlsturbance to the nymphs

| +|owever these dlsturbances are mnnlmal when compared to. other techmques. After an o

,' orgamsm s ‘initial reaction the orgamsm appeared to be unaware of my presence

" 'Dlrect o[:servatnons appear to be. one of the best methods of determmmg a diel

penodlcnty in density or actuvnty of mvertebrates on the: strham substrate -
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‘ Colonization' of substrates hastbe_en most often studied by“ uslng ‘a‘rtlficial
subst\rates bec'ause'quantitatlve results can be obtained, However the efflcacy of |
'these artificial substrates has been questloned because the substrates might be selective
towards particular taxa,” Therefore, | chose a second’ method |i.e. direct observatlonsl

to determlne the preference by Ephemeroptera nymphs on rocks m substrate baskets

\

"These results were expected to compliment those from the substrate baskets; this was
generally the case. ' Yo |

Drunel/a coloradens/s was thke only mayfly nymph studled in the substrate basket-
' experiment, and because only four D, coloradepsis nymphs were recorded durfng the
direct observatlons a species to species comparlson between my two methodologies
was, not possuble But the results for mayfly nymphs m both methods mdlcated a

' preference for the smooth*llght and Dyson Creek substrates the. smooth dark substrate
was usually least preferred. The main difference between results for the substrate
basket experiment and direct observatlons was that the rough-dark substrate was least
preferred by all developmental stages of D. co/oradens/s~ whereas Baet/s and Ameletus
‘ 'nymphs showed a strong preference for this substrate Preference for the

smooth light substrate by mayfly nymphs suggests that substrate colous may be

" important to colonlzatlon by aquatic jnsects, but,the reasoq for this is not clear. ‘l‘n my
study,dthe choice of Substrate based on COIour by mayfly nymphs does not appear to ‘-be ‘
related to preda‘tlon asa means of remamlng cryptic agamst a dark background

The ¢hoice of substrate by a nymph to match the background colour may be by

ous or an exogeneous mechamsm én my study, an endogeneous

§
Y 6r a partlcular substrate backgro

seems unllkely, bacause the nymphs

. were' expected to choose a darker sub‘strate to remam cryptlc and hence reduce

S ‘-
v predatnon An exogeneous mechamsm explalmng background colour chonce by nymphs

may be due to algae colonlzatlon on my. substrates (see Chapter Il) For example,’ lt I

‘ ,: would be :nformatlve to determme whether there were dlfferences other than the

4 [

‘ factors measured between my smooth light (whlte) and smooth-dark (blackl coloured

‘ substrates These substrates were physncally and chemically the same ‘and they were

K

| onglnally obtamecl from the same stream locatlon Algae colomzmg these substrates

. Y‘
.-
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‘may be influenced hy reflected Iigrﬁ from the substrates, Thus the white substrate with
its higher reflected light levels may' be colonlzed' by greater amounts and/ or higher
quality algae than would colonize the black substrate‘ This could be an interesting area
of research, Howeverﬂ, it the dif ferenceé between these substrates is due to algae
‘ colonizatton, the algae would have to be limited in quantity in the habitat to affectﬂ the
distribution of the invertebrates, Edmunds {1974) noted that one of the main
disadyantages of cryptic colouration is that it conflicts with essential needs such'as
‘feeding. Food acquisition by immature aquatic insects is important for growth and may
override predation pressure, Thus the choice of food could be more important to
- these animals than background colour, o
" An aspect of cryptic colouration not considered in my study is colour .
pol‘ymOrphism,l which is not uncommon in immature aquatic ‘insects, This polymorphlsm
will reduce predation by vlsually-foraging predators, if the prey are feeding on
backgrounds of numerous colours. Edmunds (1974) stated that cSlour polymorphism is
the best defence against predators for exampie, predators searchnng for prey of
partlcular colours or patterns. Therefore, predatlon pressure may not be as important
as | originally b.'elieved in my study Nevertheless.future work on the lmportance of
" substrate colour to colomzataon should be’ conducted in both the presence and absence
of fish predators, because substrate preference may not be an endogenous fixed
response, but an endogenous plastic response depepding on predator presence, For
" . example, Charnov et al. (1976) demonstrate'd. changes in behaviour of baetid mayfly
nymphs due to the presence or absence of a fish predator. . v
The chonce of background colour by equatnc |nsects requures more work to
explalq the mechanlsms InVONBd In general substrate colour appears to have been
|gnored in the treatment of aquatnc insect substrate chocce {see Minshall 1984} except
for anecdotal reference to its potenttal importance (Hynes 1970).  But in studies using’
introduced dark aqd hght coloured' artuﬁcual substrates, for some invertebrate taxa the
dark brlcks were colomzed by more ammads than the light coloured brncks but these

results were not conclusive (Clifford et al., m prep ). )
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The impprtance of ‘micro~texture is not clear from my results, The Dyson Creek
substrate that had the greatest texture was preferred by intermediate developmental
stages of D, co/oradens)s but in general the rough-dark substrate was least preferred by
these mayflies. In genéral for the other Ephemeroptera groups, the rough-dark
substrate was preferred. Unforiunately the two rough substrates (the Dyson Creek and
rough-~dark substrates) were found to be of different areas, and they were exposed to
different water velocities, Therefore, the importance of micro-texture is difficult to
determine since other factors may have influenced the resuits {see Chapter ll), Other
studies that have examined texture incﬁlude natural rock particles (Erman and Erman 1984)
and artificial substrates (Clifford et al,, in prep.). [Erman and Erman (1984) found
significantly greater total numbers of mayfly and stonefly nymphs on sandstone than on
o smoother particles. Clifford et al, (in prep.), although their tiles were of much greater
' roughness than my substrate, found that more individuals and more taxa were present

on the rough tjles than on smooth tiles, N
Probably one of the most important factors to consider in relation to substrate
~——~., texture preference is the build up of organic and/or inorganic material, that might be
. ‘

/ trapped between the substrate irregularities. Deposition occurred on both of my rough
substrates. Because this deposit may represent part of the nymphs' food, or because
it may inhibit colonization, it would obviously be important even when dealing with
micro-texture (illustrated by my results) as é factor in i;\sect colonization. At this tirﬁe it
would seem difficult to eliminate the effect of deposition from texture studies in naturai
systems. Substrate size might have also influenced my results (see Chapter-il). In
future studies., substrates could be made to exact sbecifications and asl‘similvar to natural
substrates as possible. For ex.ar,npl.e' Hart (1978) constructed substrates from ceramic
élay, thus the chemical and physical make up shouid be the same. Surface roughness or
texture as a factor in the colon.ization by stream invertebrates requires more work and in
particular the-modification of ,substrat.e' particle condition due to roughness may prove
to be important. For example, the increase in surface area resuiting in potentially

greater algae and/ or detritus colonization.
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Results of my. white and'red light studies have suggested the mayfly.nymphs in
Dyson Creek were not negatively phototactic, A negative phototactic response by
immature aquatic insects has often been suggested (see Chapter . This phenomenoh
commonly forms the basis of the premise that invertebrates are migrating to the upper
surfaces of substrates to feed in the dark, Further work on the phototactic response
by aquatic insects is needed, beceuse most of Eﬁgprevious studies in this area appear to
have been done in the laboratory and not in the field under natural conditions, Such
studies would contribute to our knowledge of the diel periodicity in density of aquatic
insects ‘by determining the role of light, wgich has been shown to be important in the
Iaboratory. ' o P |
Perjodicity of diel density of vargus immature aquatic insects in field studies,
where direct observations were used, has been demonstrated in dif ferent geogra&hicai
areas (see Chapter lll), But my results conflict with other studies on Ephemerootera
nymphs, which report nymphs being presentﬁ on the top of the substrate in the daylight
(Statzner and Mogel 1985,'Allan etal, 1985). These contradictory results are difficult
to explain especially in the case of the study of Allan et al. (1985), which was done in a
. Rocky Mountain stream with simiiar fauna to Dyson Creek. Also, in both Allan et al.
{1985) and my study, water temperature and diel density of most taxa were positively
correlated. ' o | '
in ger\eral, there doss not appear to be a single abiotic factor to explain the
observed periodicities in density in rriy‘study or iri similar studies when direct
observations were used. It seems likely that several aoiotic fectors may be impoﬁrtant,
but there are mariy problems in examining the potential effect of these factors. Such
as for moonlight, direct illumination and not dispersed light from\the moon, may be
perceived by aquatic arthropods Therefore obstructions to moonhght could be
important factors to be considered when studying the effect of moonhght ‘Also‘,
abiotic factors may be acting in concert to affect diel periodicity, thus confounding
interoretations. ‘ ‘
Polarized light is one such abiotic factor. If polgrized light does affect diel

periodicity in density of stream invertebrates, it would appear not to influence diel
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densities alone, Howevér, polarized light could be important in diel periodicities, .since
the arthropod eye can analyse this fight and then the aquatic animals could react to this
light (see Chapter ),

As discussed in Chapter lll, biotic factors could ‘have a considerable influence on
the diel periodicity in density of stream invertebrates, A common view In stream
écology is that abiotic f'actors are more jmportant than biotic factors in determining
stream community StFL:;t:JFG; Howevef, more recem \;vork sx;ggests that biotl'c‘ factors
may dlso be-important (Barnes and Minshall 1983}, Atthough the influence-of fish
predators could not be examined directly, in Dyson Creek, invertebrate prezjators such
as perlodid stoneflies could potentially have a significant influence on the diel periodicity
of the benthos, T t:ese stoneflies were common in quantitative samples from m)‘z étudy
site, but they were rarely observed in the direct observations. This suggests that t\‘he
stoneflies were mostly under the subs;rates, But if the perlodids have a diel périodicity

l in‘activity, they wo;ld be expected to influence the distribution and abundance |of their
prey, the Ephemeroptera nymphs, on the top of the substrate.

In my studies | chose both experimental and. describtive approachs to examine

ortant area of the ecdlogy of immature aquatic insects. | think these studies have ‘

tributed to our knowledge of the potential influence of roughness and colour to
colonization by stream invertebrates, and to the diel periodicity in density of these

animals, ' o >
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