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ABSTRACT

Benthic macroinvertebrates associated with areas of

.shifting sand in”a rivet in central Alberta 'Canada, were

‘studled over two years. The life hlstory and ecology of the

three domlnant species (Robackia demei jerei, Rheosm/ttla

.Sp., and Pseudlron centnalfs) were intensively studied.

Larvae of the chlronomlds R. “demeijerei and Rheosmlttla’
were assoc1ated w1th 1nterst1t1al env1ronments in shlftlng

sand, where they often attalnedvden51tres greater‘than

50,000 larvae/m?. Robackia demeijerei was uhivoltine with an

extended emergence patterh* Rheosmittia Sp. was bivoltine.
Laboratory experiments indicated that larvae of both spec1es
actlvely selected for coarse sand (0.50 to 2.00 mm).

Rheosmittia sp. larvae appeared to feed primarily on

~diatoms, while R. demeijeneihlarvae exhibited uncertain

Y

dietary preferences.

Larvae of the'predabeous heptageniid mayfly PSeudiPonl

: CentFalls were associated with shlftlng sand areas only in

'theflater developmental stages, early stage larvae were'~

‘associated with marginal areas. P. centralis larvae foraged

across the surface of the éediments; féeding primarily on

larvae of two chironmid spec1es. PseUdIPon centFaIIS larvae

‘occurred in low densities (<4 larvae/m ) and “the populatlon

exhibited a random dispersion pattern on sh1ft1ng .sands. The

N

movement of larvae from marginal areas to’shifting sand

~ areas during'development'was.hypothesized as a mechanism

which allowed either an escape from potential predators or
( s g ‘ )

iv
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_the exploitation of the abundant and accessible chironomid

fauna of. shifting sand.

Overall, macroinvertebrate numbers were high on
Iy .

- shifting sand, although both biomass and production were

relatively low on a unit area basis. Shifting sand areas

occupy a large proportion of the bed in larger rivers, ana_

it is suggested that these areas. make significant

contributions to functional processes in river ecosystems.

Ay
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THESIS INTRODUCTION

Rivers Have been important to the development and
~maintenance of both moderﬁ ana past civilizations.
Examination of a map of the world quickly confirms that most»
of the major cities are located in close proximity to large?
navigable rivers. Despite the importance of these rivers in
transpoftation, waste disposal, electrical generation,
fisheries,‘and as ;ources of freshwater for both human and
agricultural cohsumption, the biota of these systems has
seldom been studied. | |

Large lowland rivers exhibit widely fluctuating
discharge, high mean current velocities, and are relatively
deep. These characteristics make studies of the biota of
these rivers both difficult and expensive, and thus most
étreaﬁ ecologists have focused their research on smallef
headwater streams. There are few quantitative studies of the -
lower reécheg ofbriver systems, and generalizatidns about
river ecosystems have often stressed processes that are
important primarily in headwater areas. |

Mosf studies carried out in lowland rivers are
conducted by or .for government agencies, usually-wfth the
intent of assessing the impact of some human activity on the
biota of a particulér river. Thus, most studies of rivers
usually have rela'tively narrow objectives and often only‘
examine organisms that are associated with artificial
substrates or one type of habitat in the& river bed. The use

of artificial substrates has often been criticized, because



the relationship between the communities inhabiting these
substrates and those inhabiting natural substrates in thé
river bed is only poorly underst%od (Rosenﬁprg and Resh,
1982). When benthic macroinvertebrate commuﬁities,are
~ anmined, usually only those found in riffle 8; silty‘
'backwater areas are considered (Barton, 1980).‘xgthough
these areas are certainly prominent habitat typé;{ they
usually occupy only a small proportion of the maiﬁ&;rea
'chaﬁhel~of most rivers. \ \
Sand is the dominant substrate material in the Eed of
‘most larger lowland rivers (Léopoid et al., 1964). A variety
of_physiéél énd chemicél factors,véuch as the friability of
large stones and the crystal structure of silicafes, .
rcontribute to .the domihance of sand-sized material (Leopold -

o

et al., 1964).

Hynes (197Q) distinéuishes bet&eenvtwo types of sandy’
habitats: mixtures o% sand aﬁd silt, which form a firm
substrate, and shifting sands, which form a loosely
consolidated soft substrate. Sand and silt areas usually
oc?¥r ﬁarginally as-a narrow b;nd Eoughly parglleling the
river banks, and shifting sand areas usually dominate the
centfél channel.

'Shifting sand areas'haye generally been.considered
hostile environments for benthic macroinvertebrates’, and
have been indicated as supporting only a few species and
indiviauals_(Hynes, 1970). This view has generally been.

confirmed by most studies that have examined shifting sand

T~
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areas in rivers (Berner, 1951; Monakév, 1968; Northcote Qt
al., 1976; Seagle et al., 1976). ngevér, studies of the
fauna of some large rivers in the U.S.S.R. (Zhadin and Gerd,
1961), and intensive studies carried out.on the Athabasca

| River (Barton and Lock, 1979; Barton, 1980) have indicated
that large numbers of organisms could be found in shifting
sand areas.

My study was undertaken to examine the potential
contribution of shifting‘sandlareas to both
macroinvertebrate biomass and production in rivef systems.
It was reasoned that if the small macroinvertebrates
assoclated with shifting sand areas occurred in high
densities and exhigitéd high generation turnover rates then
ﬁhese‘areaé could be potential sources of a‘SignifiFant
proportion of the toﬁal secondary production in river
systems.

THe‘Sand River in east-central Alberta was used as a
representative river since its moderate size allowed a
relatively intensive quantitative study'to be conducted with
a reasonable degree of cqptinuity and effort. Although it is

’ xnot a large river, it pésses;es thé'ﬁacroinvertebrate fauna
:ﬁypical of large rivers in North America, including mény
species considered to be quite rare.

Since little is'kndwn of the bidlogy oflpsammophiloﬁs
invertebrates in rivers, the first two chapters. of this work

describe various aspects of the life history and ecology of

the three dominant %pécieS»of macroinvertebrate found in



shifting sand habitats in the Sand River. In the third
chapter, using data on the life history and patterns of
abundaﬁce~reportea in the first two chapters, I estimate the '
poteﬁtial macroihverteb;ate production from shifting sand
areas and attempt to evaluate the contribution and role of

these areas in river ecosystems.
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1. THE LIFE HISTORY AND ECOLOGY OF Pseudiron centralis
McDunnough (EPHEMEROPTERA: HEPTAGENIIDAE), A PREDACEOUS

MAYFLY ASSOCIATED WITH SANDY SUBSTRATES IN RIVERS.



ABSTRACT
‘This study examines aspects of the life hrstqu,\ !
distribution, abundance, and behavior of Pseudiron centralis
McDunnough in a river in central Alberta. The population
studied exhibited a univoltine summer life cyclg; larvae
hatched in late April, fﬁ;éloped rapidly, e ged as adults
in late June and throughout July, and spent e\remainder of
the year in the egg stage. Pseudiron centralis  larvae were
found in association with three types of.substrate-in the
river bed: Shifting sand, marginal sand, and gravelly sand.
The substrate assdci;tions of larvae changgd over .the course
of develoﬁment; stage I larvae were associated with marginal
sand areas, and stage III and IV larvaeiﬁere associated with
shifting sand areas. Larval density wés found £o be
relatively low (<4 larvae/m?), however, larva. nortality
élso appeared to be low. Stage III & IV larvae =rhibited a
random dispersion @attern on shifting sand substrates.
Secondary production of P. centralis larzae waé estimated toQ
be 18.4 and 5.67 mg/m2/yr in 1980 and 1981 regpectively. ¥‘
Pseudiron centralis larvae were active epibenthic predatbrs,ﬂ
appearing to feed primarily on psammopﬁilous éhirohomid
la~ 'e. An experiment examining spacing behavior in P.
central is larvae suggested that interact}ons'betweén
individuals were probablylnot important determinants of
larva}'density or distribution. Substrate selection

ekperiments indicated that stage III -P. centralis larvae

avoided gravel, but did not indicate disérimination'against

< .
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\ .

fine sand or silt. étage 1 lérVée are probably réstriated fd
marginal sand areas because they cannot cope with the
physical strésses in shifting sand areas. The shift in
association to shifting sand areas is hypothesized to be a
mechanism that allows the animal to exploit either the
greater prey availability or the lower numbers of poteﬁtial

[

predators and competitors in these areas.

2
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 INTRODUCTION
Sand is a dominant compohént in .the bed of most labge*
rivers. However, very_little is known .of the ecoldgy of
organisms'and the nature of communities fQund in sandy
habitats in large rivers. -
| several species of Ephemeroptera are associated<wi£h‘_
the sandy substrates of large rivers, Thesevépecies have.
been of interest fo systematistglbecause'many éxhibit
‘abérrant mofphologies that méke their phylogenetic plécemeht
"difficult. Behaviorally, the larvaé of many of these species
are distinct from the majority of Ephemeroptera in being"
predaceous. One species (Dolania americana Edmunds and
Traver) has been studied in detail . (Tsui and Hubbard, 1979;
ﬁérvey et al., 1980; Sweehex and Vannote, 1982), but
knowlédge of most sand—dwél{ing;majflies‘is'rQStricted to
anecdotal comments by collectdrs..Knowledge of -he ecology> 
~of these species could contribute greétly Eoward’an
iﬁc;eéseé understanding of impdftant ecolqgicél proéesées_id
one ofithe dominaht habitat typés_in the lower reaches of
most ;iver;syStéms. ’ ‘
Pseudihon larvae are associated‘with.gaﬁdy-river beds}.'
in medium to large rivers over much'bf.Nofth'America |
" (Edmunds et al., 1976). The carnivoroUSﬁbgbavio; of larval
‘PseudiPon and some aspeéfs of‘th;ir‘foraging behavior were .
_discussed by Edmund§ et al. (1976).stui aﬁévHﬁbbard (1979)
vspeculéted on the nature of habitat pa;ﬁitiqﬁihg between

Pseud iron meridionalis Traver and another predaceous mayfly,
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L
Dolania amer icana (P. ‘mepidionalis occupies the surface of
.the sand while D. ameﬁlcana burrows beneath 1t)

There are two described’ spec1es of Pseudlron P
meﬁldlonalls Traver occurs in the southeastern United
"States; .and P. centPalls McDunnough is found in western and -
cemtral No th Amerlca (Edmunds et al., 1976). PseudIPon
centPaIIS is found in all major dralnage systems in Alberta.

ThlS study examines aspects of _the life hlstory and
eco;ogy“of P. centPalls in a medlum—512ed'r1ver in central
.A;berta, Canada.vao approaches were used:_(1) a.
field-correlative approaoh}was utilized to assess the'life:
‘;history and to eluoidate patterns of distribution and
abundance of.thisdspecies;Aand (2) a'laboratOry—experimental'
- approach was,used to‘assessvsomevof the proximal
-determinants of thée observed patterns. |

‘

p
STUDY SI TE

The Sand R1ver 1s located on the southern edge. of the
‘mixed boreal forest of Alberta (Plate I.1). It drains
approximately 5000 km? of‘largely forested land and has its
headwaterﬁﬁin the Department of National Defense Primrose
Lake Air Weapons Range. The Sand\River is the majorR
tributary of the the Beaver River System in Alberta and
supplies approximately 75% of the total discharge. The
Beaver River is a tributary of the Churchill River which

Y

drains into Hudson Bayf
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Plate I.1 Aerial view of the mouth of the Sand River (A=
Sand River; B= Beaver River). Study area is indicated by the

two arrows. Insert indicates location in Alberta.



\ - 13

During the study period the mean discharge of the Sand
River was approximataly 12 m’/s with a range from 1.5 to
42,9 m?*/s (Environmen£ Canada, 1981; and unpublished data
éourtesy of Environment Canada, Water Survey.of Canada).

The bed of the Sand River is composed primarily of sand
derived from the extensive deposits of this material found
in Northeastern Alberta. In the mainstfeam ahannel, sand
forms moving dunes 6 to 15 cm in height, which may be riding
on larger dunfs with very long wavelengths and heights of\
over 50 cm. Occasional grabel bars occur in the bed and
there is a narrow marginal band af siltyudeposits.

The study area (54° 23'N; 111°02’W) was at the mouth of
the Sand River (Plate I.1). Thalweé current velocities
ranged from 40 fo 150 cm/s at the study sita, but were
usually about 60 cm/s. Immediately upstream ofvits mouth,
the Sand River is 30 ta'SO m in width with a maximum depth
of 1;5 Eo 2 m; below its mouth the width of the flow widena
and the mean—depth decreases to between 1 and 1.5m, |

At the study site the Sand River-is quite warm with an
average summer temperature of approximately 20§C; the

max imumum temperature_récordéd was 27°C.
MATERIALS AND METHODS
Field Studies

Four major substrate types were recognized: "shifting

sands" (SS), "marginal sands" (MS), "gravelly sands" (GS), -
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and "silt" (SI). These substrate types were defined using
the visual and tactile criteria presented in Table I.1.°
Data on thg,@istribution and abundance of P, centralis

larvae were obtained from samples taken along ten transects

established at 5 m intervals along a 50 m reach at the mouth

of the Sand River. Samples were taken at intervals.

determined by the availability of the ‘ifferent substrate

AN

types along each of these transects. Samples were obtained
from the‘middle\area of thbse substrates that.occ;fred in
narrow bands parallel to the bénks‘and at intervals of
approximately 5; 10, 20, and 30 m from th; bank wherever
pbssible'in SS areas.

Sampling‘was'primarily bi-weekly throuéhout the open
d@ter season (April to November) in 1980, from April to the
end of July in 1981, and on one date in June 1982.

A Surber sampler (mesh 0.243 mm) modified with a handle
and a e#tra long net bag was the chief sampling devicde used.
throughout the study. The depth and =:.ocities encountered
precluded the use of'closea cylin%erfﬁype samplers. Samples
were collected by disturbing the Sﬁbééfat:,vwithin a 930 cm?
area defined by the sampler, with the foot for 30 seconds.:
Samples‘wére placed in jars and preservéd with 95% ethanol.

In the laboratory,lorganic material was separated from
inorganic material ;y elufriation, examined under a
dissecting microsqope at 12X magnification, and the-

P. centralis larvae removed. A standardv*D" frame dipnét

(mesh size 0.5 mm) was used to collect additional larvae for

-
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Table I.1 Criteria for identifying the prominent substrate

types in the Sand: River.

Substrate Category

Visual and Tactile'Criteria

Silt (SI)

Marginal Sand (MS)
Gravelly Sand (GS)

Shifting Sand (SS)

sofc sticky texture, abundant visible
silt, dark grey or black color

firm fine-grained texture, some visible
silt, few sand particles in active
motion

firm coarse texture, gbundant gravel
apparent, few sand particles in active
motion ‘

soft loose texture, no apparent silt,
actively moving sand dunes '
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life history analysis, dry weight determinations, and
experimehtal‘analysis..

ﬁafval stages were designated using the criteria of
Clifford (1970): stage I larvae lack wing pads, stage II
larvae possess wing pads whose length is less than the
distaﬁce between them, stage III larvae have wing pads
longer than the distance between them, énd stage IV largﬁe'
have the darkened wing pads charactefistic of the last
larval instar. Head capsule widths were measured at the
widest point‘(ﬁust posterior to the eyes). All ﬁeasurements
wer= made at 25X or 50X magnification using a eyepiece
micrometer on a dissécting microscope.

The ﬁeanvdryrweight of larvae was determined from
frozen specimens, which were thawed and dried ét 60°C for 24
hrs. Weights were measured‘oh a microbalance to the nearest
0.002 mg. ' |
\ The food habits of P. centralis iar;ae were deter&ined
by examination of the foregpt of 20 individﬁals>belonging to
stage II, III or 1V. Thé contents were guantified by‘direct
counts of the type and number éfvorganiéms in the foregut.

‘To determine fecundify,'female subimagoes (reared,from
larvae kept for a short périod in the laboratory) were |
dissected, and all eggs rémoved and counted. The eggs of
these females were then placed in dechlorinated water and

the dimensions measured at_irregular intervals over a 24

hour period to determine egg size.



Observations of the behavior of P. centralis larvae

were carried out in various types of artificial streams.

Exﬁerimental Studies

| Substrate selection by P. central is larvae was
investigated using three different experimental designé,
described in the results section. The spacing behavior of
these larvae was examined in one experiment. All substrates
used in these experiments were natural mineral substrates
removed from the bed of the Sand Riyer. B fo;e‘being used,
these substrates were heated to 600°C for 48 hours, dry

sieved into the appropriate size class, and washed with

distilled water.
RESULTS

Life History

v Pseudiron centralis was_univol£ine in the Sand River

+ (Figs. I.1 and I1.2), apparentlyloverwinteging in the egg
.stage. The relatively’large first instar larvae of this
species (headwidth approximately p.24 mm, bodylength
approximately 0.30 mm) first appeared in late:April and were
eésy to distinguish because compoﬁnd eyes, ocelli, and gills
were-not apparent. Neither quantitative nor inéense
qualitative collecting yielded P. centﬁalfsllarvae in late

‘autumn before the formation of ice.
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Figure I.1 Larval development of P. centralis based on
larval stage (see text). Horizontal width of bars reptesents

proportion of larvae in each particular stage.
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After the larvae hatched, subsequent develcpment was
rapig with mature larvae appearing in the population in less
than 8 weeks. The low number of stage IV larvae collected is
likely an artifact due to the relatively short duration (2
to 3,days'undertlaboratory conditions) of this stage. Adult
emergence was not observed at the study sitd, but the
presence of stage IV nymphs indicated emergence from late
June to the end of July. This pattern is probably similar
overvthe entire range of this species; all reported adult
records of P. centra[[s are from Jnne and July (McDunnougn,
1931; Burks,. 1953): Thus it appears that P. centralis spends
most of the year in the egg stage;'its life_cycie being best
described, in the terminolcgy of Clifford (19825, as a
’univéﬂtine'summer cfcle '

The swarTing behavior of adult Pseudiron spp. has never -
beenvreported and I was unable to find swarmlng adults
However, emerging sublmagoes and spent 1magoes ‘were
cdllecggd trom the water's surface at one locality during
mid to late morning. B

The fecundity of females appears to be relatively low
compared to those recorded for other large mayflles T
(Brittain, 1982), w1th 624 and 467 belng the total number of
eggs'encodntered in the two females examlned The mean dry
.welght of eggs was 0.005 mg (S.D. =0, 001) based on the
welghts of  five groups of ten eggs..

Needham et al, (1935) figure the eqgg of Pseudiron sp.

removed from a-preserved specimen of -an unspecified stage
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(présumably subimago or imago). The egg was ellipsoid }n
shape Qith dimeﬁsions of approximately 0.190 x 0.310 mm. The
size andvsbape of this egg was similar to that of the ’
compressed eggs .found within the bodies of female subimagoes
of P. centralis from the Sand River. However, when I exposed
- these eggs to water, they rapidly became more rotund,
attaining dimensions of approgimétely 0.33 x 0.41 mm.
_ ~ One egq was collected from the shifting sand area of
~the Sand River'banet. 17, 1981. This egg .had approximaté
dimensions of 0.35 x 0.41 mm, and a number of sand graihs
were firmly adhering to it. Positive identification of the
egqg as that of P. centralis was possible because the egg
enclosed an almost fully developed first»inStar larvae.
Larval Distribution and Abundance

Pseudiron centﬁalis larvae were‘restrigted to the three

[

types of sandy substrates described in Table I1.1; nb]la:vae

/

were cdllécted from silt areas.?Lar§al associations with the
sandy substrate typeé appéared to chanée during larval
development (Fig. I.3). ) S .,
Contingency table analysis (zar, 1974) was used to
determine whether particular larval stages exhi {g;d |
associations with parﬁicular substrate types (Table'I;z).
Where significant (p<0.05) associations were indicated,
subdivision of the contingency table (Zar, 1974) was used to

assign particular associations. Data for each stage were

assembled only from dates where the stage in question was
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Table I.2.Number of éamples obtained from the three
categories of sandy substrate (SS= shifting saﬁd; MS=
marginal sand; and GS= gravelly sand) in which P. centralis
larvae of-particular stages were present or absent,

[

Stage 1 Larvae

. Substrate Category
Samples with SS MS GS Total
larvae:
<Absent 71 34 , 31 © 136
Present 4 11 6 : 21
Total 75 - s 37 157

Stage II Larvae

Absent 66 33 27 126

Present 10 -3 1 14

Total 76 36 28 140
Stage III & IV Larvae

Absent - 48 26 24 98

Present 24 2 1 ’ 27

Total 72 . 28 25 - 125
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Figure 1.3 Number of P. centralis larvae obtained from the
three categorie- of sandy substrate: shifting sand (SS){

marginal sand (MS), and gravelly sand (GS).



likely to be present (Fig. I.1); stages III and IV ﬁere
considered together. The analysis indicated thatigtagg I
larvae were significantly (p<0.05) associaied with MS areas
énd staée IIT and IV larvae were significantly (p<0.001)
aséSCiatedawith SS areas. The lo@ number of stage II larbae
necessitated a pooling of the MS and Gé categories;‘these
larvaejexhibited no .statistically significant -
differéntiation between this pooled cgtego;y and SS.

' Thére did not-appéar to be substantial changes iﬁ
© substrate availability during the‘larvai périod in either
'yeér of ihis.study;‘h;nce, it seems unlikely that the shift
in substrate association can be attributed to changes in
substrate availability.

Pseudiron centralis larvae occurred at low densities
and much effort was required to collect them. Figure I.4
illustrates the mean larval densities in the Sand River in
1980AandA1981. These dehsities were obtained by summing the
‘,density estimates of P. centralis on GS, MS, and SS areas
weighted with respect to the bropoftion of river bed that
ihey repreéent. At the stﬁdy site the proportions were‘
estimated to be approximately 70% for-SS, = 4 15% each for
both MS and GS areas, based on the occurrence:of these
substrates along gge transects. The study site was generally
representative of the bed of the Sand Fiver, except that the
GS area was somewhat over-represented.

Densities of P. centralis larvae remained relatively

constant throughout the period of larval development,
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“Figure I.4 ..ean larval density (#S.E.) of P. centralis in

the Sand River based‘®on weightéd estimates from the three

types of sandy substrate.
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§Ugges£ing relatively low rates of larval mortality. Despite
fhe low density of P. centralis larvae, individuals were
collected with a high deéree of regularity on a per sample
or per unit effort basis. A series of 24 samples were
éollectedvon June 15, 1982 from SS areas to determine the
nature of.the dispersion pattern of P. centralis larvae on
this substrate. Numbers of larvae in eacH‘sample'(Table-I.B)
were compared with values that would be expected from a
-Poiséon distribution utilizi;g the index of dispersioﬁ
(Southwood, 1978). The analysis indicated that P. centralis

larvae were randomly distributed (x?=28.70, p>0.10) over

"shifting sand areas.
N

The larval density in 1982 was higher (10.16 larvae/m?
for all sandy substrates) than during the previous two years
(Fig. '1.4), but this change was not considered large enough

to affect the dispersion pattern of larvae.

Larval Biomass and Production

The regression
log(weight)= 3.37(log[head width]) - 0.48 (r’=0u97, n=64)

was generated to predict the weight of larvae (mg) based on

head capsule width (mm). This regression was based on the

i

dry weighté of larvae'collecpedﬁzn June 15 and 23, 1982 (the

&

weight of first instar larvae was estimated using the mean

weight of the eggs). The regression was used to interpolate
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Table 1.3 The number of samples (collected on one date from
shifting sand areas) containing particular numbers (N) of

~P. centralis larvae.

\ Number of Number of
v ! larvae (N) samples with
“N" larva

G W N = O
- C O~
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t. weights of all P. centralis larvae collected on
particular.date; during the study. These weights were in
turn used with the mean larval densities (Fig. 1.4) to
obtain estimates of sfanding crop (Table I1.4).

Production of P. centhalisvlarvae in the Sand River
were oBtained using the instantaneous growth meghod (Waters
and.C%awfo:d, 1973; Waters; 1977). The total annual larval
production of P. centralis was found to be 18.40 and 5.67
mg/m? /year for 1980 and 1981 respectively. These estimates
were relatively low on a pef'unit area basis, when compared

with herbivirous or detritivorous mayflies in other habitats.

(Waters, 1977).

Larval Behavior

E?amination of.foregut contents indicated that
P. Centﬁélfé larvae preyed ériﬁarily on chirqnémid larvae
(Robackia demeijerei and Rheosmittia) characteristicaily
associated with the sandy habitats of the Sand‘River. The
only other prey items found in the guté of P. centralis
larvae were small Baetis and Centroptilum mayfly larvae.

To determine wheﬁher P. centrafis larvae prey more
frequently on particular species of chironomids, I examined
the frequency of occurrence of chi;onomid taxa in the guts
of three P. centralis larvae collected from ‘the SS area June
9, 1981. Table I.5 compares the number in each of three
chironomid taxa found in the guts of stage III P. céntﬁalis

larvae with that expected to be found based on the the



Table I.4 Production calculation for P. centralis larvae,
determined by the instantaneous growth method (G=
instantaneous growth rate, <B>= mean standing crop, and P=

production).

1980
Date Density Mean  Standing G- <B> P
(no./m?) Wt. (mg) crop (mg/m*) (mg/m?)
(mg/m?) -
Ma 07 1.72 0.010 0.017

Ma 21 1.61 0.068 - 0.109 A' -
2.12 0.42 0.90

Jn 05 1.30 0.568 0.738 -
. : 2.37 7.23 17.15
Jn 18 2.25 6.095 13.714 .
. : - 0.02 11.52 0.23
Jl 02 1.50 6.221 9.332 :
total 18.40
1981
<
Ap 23 2.22 0.004 0.009 o
-0.29 0.01 - 0.00
Ma 07 0.83 0.003 0.002 ' ' :
. : . 4.18 0.07 - 0.29
Ma 21 0.69 0.197 0.136 :
2.49 1.35 3.37
Jn 10 1.08 2.379 2.569
. 0.55 3.67 - 2.01
Jn 23 1.16 4.116 4,775 I .

total 5.67
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benthic densities of the chironomid taxa in ss areas on June
9, 1981 (Chapﬁer 2). Chi-square goodness—of—fit‘analysis was
used to determine whethe; there‘wene significant differences
(p<0.05) between these values. Because Qf the' iow numbers

| expected in the "other chironomids" category, it was
necessary to pool this category alternately with the other
two categories to use Chi-square analysis. Tha analysis
indicated that the guts of the P. centralis larvae
consistently contained significantly (p<0.025) more
Rheosmittia sp. larvae, and less Robackia deme] jerei laiyae
“than woald be expected based on the estimated benthic
dens%ties of these~chironomids.,But the apparent selection
for Rheosmittia larvae by P. centralis does not necessariiy
'imply active discrimination; it may only %eflect the
relative availability of the various species.

In laboratorykstreams, P. centrafis lar§ae foraged
pfinaipally along the upskream face of'agfively moving sand
dunes. Their long maxillary”palpi were extended into the
substrate in the same manner as that described for Adnaletris
-ekimia by Lehmkuhl. (1976). In the presence of sufficienﬁly
high current velocities (high enough to causavsignificant
movement of sand), P. centralis larvaa exhibited a unique
foraging behavior. A larva would, with its anterior end
—facing the current, rear-up on its prothdracié and
. mesothoracic legs, bend the head steeply downward, and

deflect the flow of water at the surface of the sand. This

caused a rapid erosion of the sand in the area beneath the"
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Table 1.5 Abundagce of three\taxé'of chironomid larvae in
the guts of three P. centralis larvae. Thé-number in

‘bfackets is the expected number of chironomid'larvae based
on the mean benthic dé\gities of these taxa in the shifting

sand (SS) area. '

Taxa ' Larva 1 Larva 2 Larva 3
Rheosmittia sp. 79(71) 49(42) _ 62(54)
Robackia demeijerei 2(10) - 0(6) - 0(7)

other chironomids 2(2) ~ o 0(.1) 0(1)
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front margih of the head and gresumably‘exposed chironomid
larvae. The P. centralis larva would move slowly backwards
along the face of the dune, usually leaving behind a shallow
groove, which was fapidlf filled by eroding sand. When a
chironomid larva was encountered it was rapldly pulled from
the sediment, manlpulated by the mouthparts, and engulfed,
either head or caudal’ end flrst The rapid consumptlon
(large chlronomld larvae belng consumed 1n 1 to 3 seconds)
and the presence of 1ntact chironomid larvae in the foregut
of P. central is suggest that llttle mastlcatlon occurs,
Pseudlﬂonkéénfralls larvae were also observed to use
their heads in a. 51m11ar manner to aid in avo¥ding the
" direct effects of the current. U51ng its claws to retain a
hold on the sedlment, a.larva would rear-up on all legs and
bend the head downward. Water flow.was thus deflected
downward causing a cevity te be eroded in the sand between

the legs. The body was then:pulled down by the legs into
)

;his shallow cavity. The-dorsal surface of the larva was ~~
thus made flush with the surface of the substrate, and much
.of'theldiS}odging effect of the current was probably
avoided. In this position, eroding sand grains would roll
over the larva, sometimes burying it beneath a thin layer of

- sand. This behavior was frequentli_observed after a foraging

" bout.-
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Experimental Studies .
. ‘& . R

" -

Experiment 1 The first experiment consisted of a series of

pairwise gomparisons between seveh substrate particle size
categories ranging‘from 0.06 to 6.35 mm (Table I.6). Each of
the two substrate types to be compared was placed in two
trgys with dimensions of ﬁ6.0 x 5.5 x 1.6 cm, and these
trays were.tﬁ%n érraéged in a 2 x 2 latin square design. The
four trays were then-placed in an artifical stream driven by'
a paddle wHeel (Ciborowski,‘1982); the'stream‘had a width of
117 cm and a water depgh’of 14 cm:)One staée III larva was
placed‘dn.the substrate in ééch of the four trays and the
stream was then run at.a surface'vélocity of 12 cm/s for 15
minutes. This velocity;was the makimum velocity-that could
be achieved‘withqut‘siénificant outwash of the finer
substrate partgcle§.'After the 15_mihptes, the number of
larvae on eaéh of the substrates was ¢ounted and reéorded.

Four replicatgs were obtained for each pairwise
compérisdn. Daté vere analyzed-fbr each pairwise comparison,
using a two-tailed binomial test (Zér, 1974) to indicate the
presegc? of siéniéicant (p<0.05)  differences between the sum
of the four replicates.

‘Table I.6 indicates, for each particle size class)'the
total of the four replicates in each pairwise comparison.
Particle sizes in tHe range from 0.063 -/2.00 mm appeared to
be the only sizeg activélf chosen by larvae of P. centralis.

When' larvae were given the choice between the two coarsest
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Table 1.6 Number of P, centha7is larvae on each substrate in
. . . . ' . . s
pairwise comparisons of seven different particle size
categories: I (0.06-0.12 mm), II (0.12-0.25 mm), III -
(0.25-0.50 mm), IV (0.50-1.00-mm), V (1.00-2.00 mm), VI
(2.00-3.36 mm), and VII (3.36-6.35 mm). Asterisk indicates

significantly different pairs (binomial test, p<0;05).

Particle Size ' I II III IV V VI VII
Category ’ .
I - 7 .9 12 9 15% 6%
11 9 =10 13% 12 . 16% 16% _
S 7 6 - 9. 14x  14% 16%
v B o3k 7 - 10 15% 16%
v 7 .4 1* 6 - 111 15%
VI 1% 0% 2% 1x- 3 - 5

VIl Ox 0% 0% O 1% 1 -
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\
particle size classes (2.00-3.36 and 3.36-6.35 mm), .10 of
the 16 larvae left the substrate and drifted in the water
column after spending only a short time on the substraté. In
contrast, the highest number of larvae dfifting in all the
other compérisons was two. .
Although discriminatién was exhibited between
substratés of nonadjacent size classes, no significant
discrimination was exhibited between adjacent classes. This
suggests that if the éxperiment had been "designed only to

compare adjacent classes then no significant selection would

have been exhib%ted.

Experiment 2 To clarify some of the b- 1ity of the first
experimenty a second experiment was undertaken. The second
experiment tested for selection amongst four substrate size

categories simultaneously. Each category was placed in four

plexiglas trays (6.0 x 6.0 x 2.3 cm), which were randomized

within a 4 x 4 arrangement with the constraints that no
substrate category ocgurred more than once in any column or’
row and all substrate éategories contacted all other
substrate categories the same number of times (Plate I.2).
Two runs were conducted, thé first utilizing the sﬁbstrate
size categories 0.06 - 0.12, 0.12 - 0.25, 0.25 - 0.50, and.
0.50 - 1.00 mm; and the second using the categories 0.25 -
0.50, 0.50 - 1.00, 1.00 - 2.00, and 2.00 - 3.36 mm. One
stage IIi larva was placed on the substrate in each of the’

16 trays, ang the number of larvae on each of the substrate
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Plate I.2 Apparatus used “n the second experiment to examine

substrate selection in Pseudiron centralis larvae.
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types was counted after one hour. Each run consisted of four
=

.
~

replicates, all carried out in an air-powered recirculating
stream hav;ng a width of 30 cm, a depth of 7 cm, and a mean
velocity of 12 cm/s.

Results are preé&nted in Table I.7. A chi-square
goodness-of-fit test was .used to analyze each of the runs
separately.

The first run of this experiment examined sﬁbstrate
| selection for the four categories from 0.06 to 1.00 mm. The
chi-square value was 15.19; indiéating significant
differénces (p<0.005) between the four categories.
Subd1v151on of the chi- square analysis (Zar, 1974) indicated
\that the two smallest 51ze categorles (0.06-0.12 and
0.12-0.25 mm) were selected significéntly (p<0.05)‘more
often than were the two larget;cétégories (0.25-0.50 and-
0.50-1.00 mm). In the second run, the chi-square value was
38.96 iﬁaicating highly éignificant.differences'(p<0.001)
between the categories. Subdivision of the chi—squgre "
analysis further indicated thatvparticle sizes from 0.25 to
1.00 mm were selected significantly more often (p<0.05) than
particle sizes from 1.00 £§‘3.36 mm. .

The results of the two experimgnts”indicate that
P. centralis larvae select ﬁost freéuently for fine to
medium sands (0.06-1.00), selecting.coarse sand (1.00-2.00

mm) less often, and generally avoiding substrates with-"

particle sizes greater than 2.00 mm.

red
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Table I.7 The total number of larvae on'each substrate type
)

in each run of Experiment 2.

Total Number of Larvae
on Each Category
7 .
Particle Size First Run Second Run
.Category (mm) -

)

0.06-0.12  ° .25 -
0.12-0.25 14 -
0.25-0.50 8 23
0.50-1.00 7 29
1.00-2.00 - 6
2

.00-3.36 - | 0

b
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A\,

Experiment 3 A third experiment was conducted to determine

whether P. centralis larvae discriminate between fine sand
(particle size 0.06:- 0.12 mm) and silt (particle,size <0.06
mm;. Four trays (11.5 x 11.5 x 3.0 cm), two containing fine
sand and two containing silt, were arranged in a 2 x 2 latin
square; Two larvae wereiplaced on the substrate in each
tray; Aftef one hour, the number of lérvae on each of the
two substrate types was recorded.,Thé;e were four
\}éplicates. This experiment was run in the absence of
current (a highly artificial situation for P. centralis

. larvae), since even the lowdgt detectable'water velocities
causéd some outwash of silt, Results of the four replicates
of this experiment were summed to Yield counts of 17 and 14
for the fine sand and the silt categories respectively.
Chi-square analysis of these data indicated no significant
(x*=0.32, p>0.50) discrimination betw;én'the two substrates.
This lack of discrimination was surprising, because

P. centralis larvae seem to discriminate strondly against

silt areas in the Sand River.

Experiment 4 The spacing behavior of P. centralis larvae

was examined expefimentally to determine: (1) whether the

field densities and the random dispersion pattern exhibited
by these larvae might be largely due to interactions beﬁween
‘individuals; and (2) whether interaction between individuals
- may have affected the resuits of the substrate selection

experiments. If P. centralis larvae actively space, then, as
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numbers increase for a limited “wount of optimal substrate,
the mean densitf on that'sugsfrate should aﬁproach an
asymptote with extré individuals being displaced either into
the drift or to less optimal substrates.

Four'trays (6.0 x 6.0 x 2.3 cm) containing sand
_(particlé size 0.25 to 1.00 mm) were placed side by side in
an air-powered flow tank with a velbcity of 16 cm/s and a
depth of f cm. Eight larvae were introduced upstream of the
substrate trays. After one hour, the number in each tray was
counted and recorded. Another four larvae were then
introduced and the number on each substrate type was counted
again after one hour.'Thié process wés repeated ﬁntil 28
larvae had been introduced into the flow tank.

The results of the experiment are presented in Figure

s

1.5. There was no apparent tendency toward an as§mptotg,'
eicept at ‘the highest larval density used in the experiment,
where there was almost no unoccupied space left in the

substrate trays.
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Figure I.5 The mean number. of P. centralis larvae per tray,

as a function of larval density in the éxpegjmental tank.

N
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DISCUSSION
Life History Featurés

In the Sand River, P. centralis exhibits a summer tybe
life cycle, with a relatively Jhort larval period and a long
egg dormancy (approximately 9 months). Overwintering as a
dormant egg appears to be a relatively common strategy in
Ephemeroptera (Clifford, 1982). Long egg dormancies have
been reported for Dolania americana (Harvey ét a’ﬂf 1@80),
and have been suggeéted for Analetris eximia Edmp;%s 7
(Lehmkuhl, 1976), both of which are predaceous mayflies
associated with sandy river beds. B K .

éiifford (1982) indicates that the adaptive
significance of the summer cycle has genefally been
attributed to the avoidance of harsh Of unteréain conditipns
auring winter, but suggests that this life éycle may bg an
édaptation to shorten the larval period and thereby minimize
the imbact of such factors as predation on this sta;é.

Pseudiron central is larvae did not seem to exhibit high
mdrtality ré;es, based on the changes in larval density over
time (Fig. I1.4). Also the relativeiy low fecundity of
females does:not'suggest high levels of larval or“egg
mortality} Thus it seems unlikely that the adaptive
.ignificance of the life cycle péttern.éf P. centralis is to
ninimize lar?al mortality.

It is apparent that the density of psammophilous

chironomid larvae femainS’high throughout the year (see
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Chapter 2 and 3). Since P. centralis was the only .
macroinvertebrate predator collected on shifting sand areas
in the Sand.River, Tt apbears thatithe chironomid
populations of this habitat remain unexploited for much of
the year.‘Given“the presence of a relatively constant
availability of prey items, tﬂe P. centralis population,
would be expected to exhibit a more staggered larval growth
and emergence pattern. The absence of this pattern suggésts
some overriéing factor makes developﬁental synchrony
advantageous to members of this population.

The large size of P. centrélis'eggs was probably not
simpiy a function of the duration of the dormancy period and
- the food requirements of the embryo, since most other
Ephemeroptera with similar eggq dormaﬁcy periods do not
possess such large eggs. Pseudiron centralis larvae may be
large at hatching because of their predaceous habits
(chironomid larvae were found in the guts of eVgn'the
smallest stage I larvae examined), which méy'fgﬁdse a
minimum size constraint, below which léfvae caﬁnotAprey
effectively on chirdnomids.'A}ternately, P. centralis larvae
-might be constrained to.a>gertain minimum.size to cope
éffectively with the dynamic nature of the sandfhbeaé/cnﬁéi

which they are found.

i S
ety

Larval Habitat Associations
The shift in habitat association exhibited by

P. centralis during larval development may in pért also be a
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reflection of the dynamic nature of séndy river bedﬁ.
Pseudiron centralis larvae occupy the surface of the
substrate; thus they are exposed to the current and any
substfate movements that occur. Given.the high current
velocities, turbulence, and activé movement of substrate
that characterize shifting sand areas in the mainstream of
the Sand River,bit_seems reasoﬁéble that stage I larvae
cénnot qopé with these stresses apd are thus confined to
marginal areaé. However, the almost exclusive association of
stage III and IV larvae with areas of shifting sand is more

-

difficult to explain.

In the laboragory,.stage IIT1 and IV P. centralis larvae
were able to survive for long periods at low current
velocities, ané one larva survived for a week in the .@absence
of significant current. It thus-seems unlikely that there is
an immediate physiologica; necessity to seek out areas yith
relatively high cur&ent yelocities, such as found over’
,sﬁifting sand substrates;J L o o

Resulﬁs of the substrate selection experiments provide
a possibie explanation for the -~bsence of stage III and IV
lqrvae ﬁrbm.gra9e11§ sand areas of the river bed, since they
“indicated that P. centralis larvae,avoid gravel. However,
there is no indication as to why stage III and IV larvae
were absent from marginal éand areas. .

Twé hypotheses are advanced to acéount‘qu the observed

, distribution pattern of stage III and IV P, centralis larvae

in the Sand River: (1)predator or competitor pressure is
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- \/
‘lower in areas of shifting sands; or (2)food availability

(i.e. chironomid larvae) is greater in shifting sands.
Pseudiron centralis I;rvae are the only epibenthic
macroinvertebrates occupying shifting sand areas in the Sand

River, and they are much laréer’tﬁan any other
macroinvertebrate in this habitat. Possibly by occupying

this area, they avoid ‘interactions with the much more

diverse epibenthic fauna of gravelly sand and marginal sand
v

areas. Prominent macroinvertebrates associated with GS and
MS areas 'in the Sand River are the larvae of the famify
Gomphidae‘(Odonata). These predaceous dragonfly larQae have
been:sﬁggegted to be partially responsible for restgicting
the distribution of Dolania americana larvae to shifting
sand areas through competition for fﬁod'resources (Tsui and
Hubbard, 1979). For P. centralis larvae, predation by
odonates is probably more important as a determinant of’
distribution than is competition fér food resources. This.is
suggested by the rapid decline in the nuﬁbers of

P. Céntpélis larvae in laboratory streams that contained
gomphid larvae. It is possible that an active foraging
strategy, such as that exhibited by P. centralis lérvae, is
incompatible with the pre%ence of a‘sighificant number of
'sit;and—wait' predators, such as gomphid‘larvae. However,
the suscebtibility éf P. centralis to such predation baé\ﬁof
been detérmined,’and I did not measure the gomphid larval

density; hence this hypothesis could not be tested.
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The second hypothesis predicts a greater prey
availabilify (i.e. chironomid larvae) in shiﬁtihg sand areas
than in other areas examined. Availability is defined here
as including both the abundance (numerical and biomass) and
the-accessibility:of chironomid larvae. Chapter 2 reports
the mean total density and biomass of larval Chironomidae on
the various substrate types in the Sand River for the
ice-free season in 1981, Considering only the sampling
intervals when stage III and IV P. centralis larvae were
likely present (Fig. I1.2), ANOVA indicated no significant
differences in mean ‘density (§=O.922, p=0.40) or biomass
(F=0.388, p=0.68) ‘of chironomid larvae in the three types of
substrate. This suggests that P. centralis lafVae’occupying
shifting sand area§ gained no apparent advantage in termsbof
food abﬁndance. | H

The relative accessibility of_chironomid larvae in the
various substrates types was not‘aétermined, but the
observed preference of P. centralis larvae for the eroding
upstream face of sand'dunes suggests that the movement of
the sgnd may expose chironoﬁid larvae. Since P. centralis
larvae have not been observed to burrow activ;if after prey,
except'in the manner described previously, it is éossible
that P. central is may exploit prey items exposed by the
action of the current and the instability of the substrate
in shifting sand areas. |

A complicating factor is that changes also occur in the

composition of the chironomid communities associated with
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the substrate types. Shifting sands are dominated almost
exclusively by chironomid larvae that live in the
interstiéés between sand grains (Chapter 2); whereas
marginal sand and grgvelly sand areas support large numbers
of tube-dwelling and burrowing forms. The numerically
dominant species in shifting sand éreas was also Rheosmittia
sp., which appeared to be a favoured prey item of

P. ceﬁtralis larvae (Table 1.5). THis is unlikely, ‘however,
to explain the exclusive association of stage III and IV

p. centralis iarvae observed, since Rheosmittia sp. larvae

also occurred in substantial numbers in marginal sand areas

(Chapter 2).

Larval Dispersion and Spacing Behavior ' 4
{'\fr. B »
~The random dispersion pattern of stage III and IV

P. central is larvae on shifting sand areas greatly

facilitated accurate population.eétimates. Random dispersion
ﬁatterns have seldom been reported for lotic benthic
invertébrates, alfhough they have’been found in populations
of species frequenting areas of-relatively uniform substrate
~composition (Resh, 1979).. The presence of_a randomn
dispersion pattern on shifting sands suggests P. centralis
iarvaé might be perceiving tﬁis area as a relatively uniform
patch, at least at the population levél; and supports the

desigﬁétibnpof shifting sand areas as a distinctive habitat

for P. gentralis.
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Observations suggest that P. centralis larvae will not
tolerate physical contact with other individuals. Such
contact elicits a response whereby one or both individuals
will rapidly swim or crawl away. The'spacing experiment
indicated that P. centralis larvae seem to tole;ate a mean
density of about six individuals in a 36 cm? area. This
density could have easily been accommodated in the
substrates used in the substrate selection experiments, and
thus it is unlikely that spaéingqof individuals had an
appreciable effect on these experiments. Since the density
tolerated by larvae in the spacing experiment corréspondé to
a density of 1600 individuals/m?, it seems unlikely that
spacing is an impdrtant determinant of field densities, even

given that actively foraging individuals woulgd probably only

tolerate a.much lower density.

CONCLUSIdNS

- Although P. centralis larvae and adults are rarely
collected, .he species 'is probably not rare. The low
densities at which P. centralis occufs and the difficulties
of sampling the invertebrate fauna near and in the
mainstream of larger rivers have probably combined to give
this impression. This is probably true for the genus
Pseudiron as a whole. Specimens of Pseudiron have been
collected in sandy reaches of all major river systems in

" North America, with the exception of the St. Lawrence River

and some drainages west of the Rocky Mountains.
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‘Barton (1980) commented on the generalized invertebrate
assembiages associated with the sandy beds of larger rivers
over wide geographic areas. Mayflies of the genus Pseudiron
appear to be consistent members of these assemblages in
North America. | | o
" In the Sand River, and probably in other rivers,
bseudiron larvae are the only epibenthic invertebrate

pfédators that 6ccupy areas of actively shifting sand. They
are highly specialized predators on the chironomid fauna¥of
thesé areas, and as such may play an important role in the

biological communities associated with shifting sand areas..
‘Furéher examination of the biology and ecology of.PseudiPon

is likely to increase our understanding of one of the

dominant habitat types in river ecosystems.
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II. THE LIFE HISTORY AND ECOLOGY OF Robackia demeijerei

Krus. AND Rheosmittia sp., TWO RIVERINE CHIRONOMIDAE
(DIPTERA) ASSOCIATED WITH SHIFTING SAND SUBSTRATES IN

RIVERS.
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- ABSTRACT

Chironomid larvae are often the dominant
macroinvertebrates associated'with areas of actively

shifting sand in the beds of‘larger rivers. This study

examines the ecology of Robackia demeisjerei and an Y f“
3 /\

undescribed species of Rheosmittia in a river in central

.
r\‘f_’l

Alberta, Canada. Rcbackia demeijerei was unlvoltlne with an
extended emergence pattern. Rheosmittia ~. exhlblted a B
bivoltine life cycle with well deflned emergence perlods.
Larval dens ties «i both species were highest where ‘the sand
Was in activ: moticn. Most larvae occurred 1n the: upper 10
cm of substr-te. Larvae of neliher species constructed tubes

or tunnelgsin the substrate. The small cross sectlonal

‘diameters of these larvae suggest that they are true

B
g 0' \Iv

_ interstitiai forms, using the space between sand gralns.
Laboratory experlments indicated that larvae of both species
}select substrates in the range of O 50*2 OO mm. This was
con51stent w1th model predictions of acce551b111ty and

'su1tab111ty of 1nterst1t1al space for verm1Form anlmals of

- 7.

’vglven cross- sectlonal dlamQQers. Separatlon of substrate

types using visual and tactlle criteria, predicted the

abundance of larvae ofiboth spec1es more accurately than the

partlcle size dlStrlbUthﬂS of the substrates. There was no
clear.relationshdp between dépth of the oxidized layer in
“'the sedlmehts and larval abundance. A negatlvearelatlonshlp
,ex1sted'between abundance of larvae of other chlron“mlds

and- those of R. demeijerei’ and Rheosmlttla sp ‘g}~ e
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INTRODUCTION
Chironomid larvae appear to be the dominant _
macroinvertebrates occupy:na . eas of unstable shifting sand

in_the beds of most large rivers (Berner, 1951; zhadin and

Gerd, 1961; Barton and Lock,; 1979; Barton, 19°7; Seagle et "

R

:7aln 1982f, althoughléligochaeta sometimes achieve dominance

P

_inlheavily polluted systems {(Zhadin and Gerd, 1961). The

.iochironomid‘fauna of sandy river beds appears to be a highly

generalized assemblage of species, some occurring over wide
geographlc and cleatlc ranges (Saether, 1977; Barton,

1980) . Thls fauna has seldom b2en studied except in the
course of general taxonomic cr ecological surveys.

Robackfa deméijeﬁei (Kruseman) isxa‘widely distributed

_speCies in'the subfamily Chironom{pae, occurring in most

*"gerﬂrivers_in North America, some rivers in the U.S.S.R.,
and invehe beaches of some lakes in North AmericaJ(Saether,

oL )

1977). Barton (1980) indicated that larval R. demeijerei

1 were chacterlstlcally assoc1ated ‘with coarse sand 1n the
Athabasca R1ver. Zhadlr and Gerd (1961) suggest that members
of the group to’ whlch the genus Robackia belongs are all

- predaceous.

o
R

o Rheosmittia sp. is an:undescribed species in the

"‘F" !

subfamilf,ofthocladiinae and was.refegred to as -

"Orthocladiinae B" by Barton (1980) and Barton and‘Lock‘
“(1979) (D.R. Oliver pers. comm.). Barton (1980) suggests. .
ﬂthat thlS species is probably wldespread but has been

Woverlooked because of 1ts small size. Th@ genus is known

™

AY

o~

L
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by & series of visual and tactile criteria (Table II.1).

57

1

from Europe and North America and until recently was

incl.aec in the genus Eukiefferellia (D,R,,éliver pers.

cor L Sty
R

T~

1i; study examines the life hié@ﬁégufdistribution,
abundance, and behavior of R. demeijerei and Rheosmittia in

the sandy substrates of a medium-sized river in cengral

v . ’ ' & .
Alberta. B .\;“Tqﬂﬂu
. J oo
. - L _f\' U
o
SR

STUDY SITE

The study was carried out at the mouth “of the Sand

L

River (54°23' N, 111°2' W), located in east-central Alberta.

Above its mouth, the Sand River is apRroxiMategw 30 m wide
- \

with héan'théiweg current velocities rénging from 60-150 \.

cm/s. The mean annual discharge over the study period was
approximately 16 m®/s. The bottom of the Sand River is
: o

LN ' . .
composed almost exélu51vely of sand, with silty areas

occurring near the banks and*with an occasional gravel bar

occupying part of the Béa; The mean daily sﬁmmtr"temperaturé

-(June to September) of the Sand River was approximgtely

20°C. A more défailed description of the study area is giveﬁ

in Chapter 1.

LY

Four substrate types were récognized in the bed of the

Sand River: silt-(SI), marginal sand (MS), gravelly sand

(GS), and shifting sand (S$). These substrates were defined

&
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Table II.1 Criteria for identifying the four major substrate

types in the Sand River,

Substrate Category Visual and Tactile Criteria

L)

Silt (S1) - soft sticky texture, abundant visible
silt, dark grey or black color

“Marginal Sand (MS)y firm fine-grained texture, some visible
' : silt, few sand particles in active
motion S :

Gravelly Sand (GS) firm coarse texfurej abundant gravel
apparent, few sand:particles in active
motion » R f

Shifting Sand (SS) soft loose texture, no apparent silt,
actively moving sand dunes

O

7
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Samples were obtained along ten transects, set out at 5

m intervals along a 50 m stretch near the mouth of the Sand
River. Sampies were obtained at intervals determined by the
occurrence of the various substrate types aiomg eact C
transect (silt areas were not sampled). Samples were
obtained from the middle area of those substrates that
occurred«%%@%$¥¥ow bands parallel with the banEs‘(MS and GS)
and at intervals of 5,10,20, ana 30 m from the east benk,
wherever possible rn SS ereas. A series oflsamples was .
obtained prior to freeze—up in 1980 (November 95 end on 5
roughly bi-weekly basis during the ice-free season of 1981
(April 23-to October 28). Additional samples were*obtained
on June 23,.1982.

The principal sampling device was a modifieo version

(see Appendix 1) of the.core-freeze;/ﬁescribed by Shapiro‘

(1958). A handled Surber sampler (m sh size 0.243 mm) was
used exclusively on Nov. 9, 1980 and,'in conjunction with
the core-freezer, on May 7,1981.

Cores were obtained by pushing the corervinto the
sediments to a deptﬁ of 25 cm, and theggpouriﬁg a mixture of
‘dry ice and iso-butyl alcohol into the outer jacket of the
- sampler After approximately 5 minutes the corer was removed

7;£rom_the sediments and transported to the river bank, where
"tﬁe dryiice butanol mixture was poureo from the outer
rjacke%{iif the core was to be kept intact,.the water column
over the core was poured off into a-labelled c ntainer,

water was poured into the outer jacket, and the intact core

o
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would fall out into another ;ontainer. If;ghe core was not
to be kept intact, then the core and water column were
collected iﬁto one container. All samples were frozen in the
field and stored at -28°C until examination.

Samples were obtained with the Surber Samplér by
disturbing the 930 cm? area defined by the sampler, with the
foot fof 30 seconds. This technique disturbed the substrate
down to a levei-of approximately 10 cm. Samples were placed
in jars and preserved in 95% éthanol until examination. |

In the laboratory, samples were thawed where‘necessary
and the organic material in the samples was_separated from
inorganic by elutriation; The organic material was exémined

| .
under a dissecting microscope at 12X, and all organisms were

re;oved; idengjgged, and couﬁted. For the ;ores, the'organic
material remaiﬁéngyafter all orgaqisms,we;e removed was
:eturned to the inorganic fractﬁoh,“ahd tﬁen the entire
nsample was air-dried.’ N
Larvae of R cjemeijenéi_ ana Rheosmiftia Sp. were
separated by instar and the.number in each of the various
instars was'recorded.LInstaf was determinéa by pead’capsulé
length, which was measuredlfrom~the hind later§§’margin of
the head to the ba§e of the mandibles. Heéd capsule width
was obtained from the‘widest\part'of the hgad (approximately
'atvfhe level of the eyes) iﬁxbéchSpeciéé.'All measurements
wefe obtained using an éyepiece micromefer, either under a

dissecting microscope at 100X or under a compound microscope

at 200X.
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To determine the vertical disfribution of R. demeijerei
and Rheosmittia sp. larvae, cores that had been collected
intact were cut into 5 cm sections. Each of ﬁhese sections
was then treated as an individual sample and the number of
larvae in each section recorded.

To determine the hean weight of each discernible larval
instar, La;vae removed from the cores were dried at 60°C for
24 hours aﬁd weighed on a microbalance to the nearest 0.002

mg. Because of the minute size of the early instar larvae,

it was necessary to weigh individuals al.broups (Table

S '
B

gut contents of larvae were qualitatively examined

in slide mounted specimens that were squashed to spread the

material in the guts. Uncleared specimens and specimens
cleared in 10% potassium hydroxide for 24 hrs at room
témperatufe were'examiﬁed.under.a compound microscope at a
series of magnifications (100-400X). |

The particle size distribution of the substrate types
in terms of weight was determined for samples obtained from
two'aates (June 9 and AugusgﬁS, 1981). These samples were
dried for 24 hrs at 60°C,,aﬁd dry sieved (for 7 minutes
f using a mechanicgl'sieve shakef) throudh a series of eight
" brass sieves'(mesh sizes: 12.70; 3.36, 2.00, 1.00, 0.50,
”0.25,'0.12 and 0.06 mm) to yiela nine particle size classes.
The material in~eéch fraction was then weighed to the

nearest 0.1 mg.
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RESULTS AND DISCUSSION \

Life Histories

Table II.2 shows the mean head capsule lengths and
widths for all larval instafs of R. demeijerei and all
distinguishable larval instars of Rheosmitfia sp.. First and
second instar Rheosmittia sp. larvae were not sebarable by

head width or head length and were treated togethér.

- The mean dry weight of each discernible larval instar

of the two species is given in Table IL.3. Robackia

demeijerei and especially Rheosmittia sp. are relatively

-small chironomids both in terms of iarval head capsule

dimensions and larval dry weight.

Figure II.1 illustrates ﬁhe relative roportion of
individﬁgl instars for both species in the Sand River during
the study. Rhedsmittia sp. appeéﬁs to exhibit a bivoltine
lifg cycle in the Sand River, with a winter and a summer
generation. After overwintering as.third instar larvae,
Rheosmitfia Sp. iarvae develop rapidlylin the spring and
appear to pﬁpate and emerge as adults in late May. Eggs laid
by the adults of this winter géneration hatch after a short
time, and.large numbefs of first and second instar larvae

appear in early June. Larvae in this summer generation ‘then

r

.develop over a 6 to 8 week period, pupating and emerging in

late Juiy and early August. Larvae of the next winter

'gencratlon first appear in early August and develop as far |

as the third larval 1nstar before freeze up, at whlc&;%lme



Table II.2 Mean head capsule lengths and widths for .each

discernible larval instar of Robackia démejeﬁei and

Rheosmittia sp..

Robackia demei jerei

63

Instar Mean Head n Mean Head Width n
Length (um) (um) [S.E.]
[S.E.]

I 69[2] 10 52[2] 10

11 98([ 1] 14 64[1] 14
111 134[1] 15 87[1] 15
IV 194[ 1] 14 130[ 1] 14

Rheosmittia sp.

I+I1 55[2] 14 47(1] 11
111 74[1) 4 W 61(1] 4
v 6 .. 80[1] 6

91[2]

A

N

7



Table I1I1.3 Mean dry weight of all distinguishable larval
instars of Robackia demeijerei and Rheosmittia sp.. Also
indicated is the humber of larvae weighed per sample, and

the number of samples weighed to determine the mean.

Robackia demei jerei

Instar no./sample _ no. mean wt, S.E.
samples (ug)
I 10 7 1.5 0.7
11 | 5 51 3.5 1.2
I1I 1 | 104 ‘ 12.6 ., .. 5.3
v o 1. 57 © 20 13.2

Rheosmittia sp.

SN 20 a5 0.7 0.3
o 10 " 53 1.7 0.8
I 5 a4 7.2 2.8
v 5 5 7.6 1.5
s \ »
> -

S
o)

o,
1;.11
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development seems to cease until spring.
The life cyclé of R. demeijerei (Fig. I1.1) in the Sand

River is difficult to interpret because both emergence and

4 o

hatching appeér to occﬁr‘ober an éxtended period. A
comparison between the life cycle exhibited in Figure II.|1
and the density of R. demeijerei larvae during this study
(Fig.. II.2) suggests that this species is univoltine in the
Sand River. First instar larvae -npear from late June until
late September, witH‘max mum numbers occurfing in late |
August. The low number - first .nstar larvae was probably a
function of either a relatively short time spent in this
Vstage or reflects utilization of a different habitat by

f first instar larvae; both are common sprategies exhibitéd by

other chironomids (OliQer, 1971). Larvae devélop throughout

the summer and-fall, with most’ individuals achieving second

3

) - ) .
or third instar before freeze-up. Overwintering can occur in

either second and third instar and probably{is a major
factor contribut&ng to the difficulty of interprefing the
life cycle of this species ih the Sand River. Development
appegrs to stop during winter,»but resumes after the»d
break—up>of ice in‘spring. The presence of first and fourth
instar larvae suggests that adult gﬁe{gence and egg

ta?e place over an extended period, probably from f
May‘to thé end of September. Since R..gémeijenéi pu. Le.
seldom encountered, it is likely that individuals leave the

substrate after pupation.



SEa

67

Larval Density and Distribution

The densities of R. demeijerei and Rheosmittia sp. on
the three substrate types are presented.in Figures I1.2 anc
iI.3. The values obtainedvfar Now, 9, 1980, were based on
estimates obtained with ? Surbe:fsampler and have beén
corrected for the relative efficiency of this type of
sampler wﬁen compared with the.freeze-coref. This correction
factor was determine§‘from the comparison of the density
estimates obtained ffom‘six.pairs of Surber and core—freezef
samples taken in close p:okimity in the SE area on May |
7,1981. The efficiéncy of the Surber sampler was found to be .
appro*imatelyv5% (sz=11;6) for Rheosmittia sp. and 13%;

(sz=;18;8) for R. demeijerei._These are likely maximal
&estimates ofvsambling.efficiency.sinée early instar larvae :
were not pfesent on this date (Fig. II.1).

To determine whether significant differences existed
between.the densities of R. demeijerei and Rheosmittia
larvae on the three different types of substfate sampled,
one-way analysis of variance (ANOVA) was conducted on
log(n+1) trahsformed data from all dates where all substrate
categories were sampled. The probabilities obtaiﬁed from
these ANOVAS (Table II.4) were then pooled (Sokal and Rolhf,
1969) to obtain an overall probability. This analysig
indiéated that significant differences existed between the
densities of eéch Speéies in the three substrate types

(x*=38.36, p<0.01 for R. demeijerei; and x*=68.72, p<0.001
~ . .

for Rheosmittia sp.).

"

54_‘
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Table II.4 Value of 'F' ratio and the probability (p) of
this value from ANOVAs calculated for F° Kia demeijerei
and Rheosmittia sp. on 10 dates in 1981.
Robackia demeijerei Rheosmittia sp.
Date F P ‘F p
Ma 07 1.586 . 0.242 0.516 0.608
Ma 22 2,299, 0.131 ~0.504 ©0.202
Jn 09 0.928 0"a08 . ¢ . 5125{ 0.012
" Jn-23 1;543 0.248' 6.216 0.808 ‘
_Jl e ©1.488 0.247 3.877 0.035
Au 05 C0.611 0.552 9.150  0.001
Au 19 0 1,162 0.33%0 4,012 "0.031
Se 08 2.186 0.147 5.o;§’ 0.021
Se 26 4.640 - 0.020  10.649 0.001 -
oc 17 5.665 o ‘p.oHJ\f- - 3.629 . 0.044 T
‘ > ]

<
(X
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One-way ANOVAS conducted on an overall poolingﬁofv,

i

log(n+1) transformed data from all dates for each species

and each substrate type yielded a;similar result (F=8.74 and
LF=21.53 fOr R demeijehei and Rheosmittia Sp. respectively,

A pQO 0001 1n both cases) ‘1nd1cat1ng 51gn1f1cant dlfferences

‘ V

_between theJden51t1es of each spec1es in the three substrate

a _types. Dun@an -5 multlple range test (DMR) (Sokal and Rohlf, .

v ’ “"‘r T Y 5“);
1989)- i @%9

.“ ‘ oA v -‘
W (p<0 05). den51t1es of both R. demeljeﬁdﬁaand Rheosmlttia sp.

2 -
: ) > o

P % than d1d MS or GS areas o . ' g

. . "‘% *“\ 2 i oy |

Most (means77. 4%h SAD =11. 6; n= 7) R. demeIJePeI and

&hat SS areas supported 51gn1f1cantly higher

‘::-

gpene N ™
Rheosmittla sp. larvae were fougd in ‘the ﬂpper 10 cm of o fﬁ R
&{I’ g,\' ’ N‘ LA ’. o )
lfsubstrate however, a, few larvae were. collected deeper than .

v . (H’ -‘~\N. ~ : g .o 4

t '”r"15»cm‘6mean=2 4% S D.~4 6 3. Th15§&§ somewhat deeper
) ' % T ‘ L g
n : than reported degths for ch1ronom1d larvae in stream muds

At | Ta
GHTRER,

o ¢ 1s shallower than those reported for' 2

_{\"'n 2 .
‘coarser substra

- Sl

of thﬂs analy51s of vertlcal dastrlbutlon should be v1ewedx'u

k4 .

es'(wllllams and Hynes,_1974) Qpe results

as tentatlve, since the core- freezer freezes the sample from

b
“the bottom up; and the chlr%nomlds may have moved ftoward thép
6 “ 4 . R
_ surface to- escape this free21ng )ﬁ o ’ ,
. 'S . s B : . . M \ ;
The mean<total blomass (mg/m2 dry weight) for each P
- - . » \ \

spec1es on the varlous substrate types over the year is

e

1llustrated in Flgures IT1. 4 and II. 5 Biomass was determined
by indirectly"assessing the weight of individuals in each
sample from the mean weights (Table II1.3) of the different

larval instars. Total biomass for each sample was the sum of

!

-
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/' .
these individual estimates. These data show trends‘Similar3

to those indicated: by the den51ty estlmates N e

Ve g oo
! “J' . . : ) \52- o
.

S

Larval Behavior

‘The trophic relations of the two specieszceuld.only be

assessed qua11tat1vely, g1ven the technique used@to examlne

the gut content5¢ The guts of Rheosmlttla Sﬂr latvae were.
. : #&

-

1t1ghtly packed Wlth dlatoms suggestlng that these larvae‘

VR s

vdlrectly exp101t soutces of prlmary productlon in the r1ver

\.

4rbed. Thé guts oi R' demeljeﬁel larvae, althoughwcontalnlng

‘some dlatoms were mostly fllled with an unldentlflable

&

.ccnsume the h%#@'parts of thelr prey (Ollver 1971), N4t was

» l’\ p

'71mp0551b1e-to determlne whether this materlal was anlmal

» ;‘ R T

tissue or detritus.

- - o
Robackia demeijerei and Rheosmittia sp. larvae are |

similar behaviorally and to some extent-morphologf&aiiy. Th

. the laboratdf§ larvae of neither speciescg%structed tubes,

N - " .
and there was ' no evidence that burrows were actively

\

ma1nta1ned The larvae of thcse spec1es ~obably exp101t the

_zsand gralps.'

!
S

When 1ng1v1duals of elther spec1es were placed on the‘

sur face . of sand sedlments-or were disturked, they tended'to

respcnd by producing copioUs quantities of a sticky silk,
which they attached to nearby sand grains through a vigorous
-

Etprashing motion of the head and body. .Similar behavior has

been descrlbed for other spec1es of sand- dwelllng

,pphous materlal Slnce many predaceous chl%%nomlgs?do not"
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g

e

“chlronom1ds, Wlley (1980) suggested that th1s action aleows

‘_the animal to ma1nta1n its position while penetratlng theﬂ

sediment.,.
Robackia demeijéhei larvae'exhibit a relatively o

”elonga?ed (fourth 1nstar larvae body width approximately

@

0.J4smm body length approx1mately 5.8 mm) body form that 1s'

“ N
somewhat“atyplcal-for awchlronomld' they superflcnally

_resemble larvae of Ceratdpogonldae (DlpteraO Larvae of

g

":Rheosmlttla Sp bhough somewhat gtouter riﬁatlve to body
'V‘wldth fourth 1nstar larvae. body width apprOleately 0.10

5vmm %ody lengthﬁapprox1mately 2.2 mm) are also relatively

u*‘ L(-:k
more slender than larvae of mOst oﬁher ch1ronom1d specles.

¥r oLy . . Z
. . . ‘.4)

o i Y a Sel L4
. : -

T . : o s :;ig.., o g&f
Substrate SeIection’Ekperimehts ‘, | :

| Experlments were conducted to. determlne whether )
R demeuer'el and%Rheosmltrla sp.- larvae would select
substrates with partlcular partlcle size dlstrlbutlons; The
de51gn con51sted of sixteen (2 71x2. 7x2.9 cm) substrate cages

arranged in a 4x4 matrlx inside a 11. 8x11 8x3 cm tray

(Plate IT. 1 }; Each cage con51sted of a b&ttom plate made of.

';la 2. 7x2. 7x0 3 cm p1ece of plex1glas, and four (0.3%0. 3 cm)”

supports wlth 0 15 mm mesh, nylon nettlng between them ‘The

o

¥
.15 mm nettlng allowed free passage of even the largest ’
1nd1v1duals between cages, wh1le m1n1m121ng any leakage of
fine partlclesj

‘The cages were filled with one of four substrate 51ze

classes. <0.12, 0.12f0.50 ‘P .50~ 2 00, and 2 00 6 35 mm. Each

Af the cage was not unduly drsturbed. .
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T
<

.9

Plate II.1 Experiment apparatusuusgdjtb test for substraté

L3

selection in fourth instar Robackia demei jerei and

Rheosmittia larvae. In the foreéround is one of the

’

- substrate cages (see text).
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;partdgles from two size classes; hence the median particle

‘substrate class occurring more than once in any row 8

-~

of these substrates was made up of equal volumes of

size in each substrate was easily calculated.

BN

Cage pos%@%on was randomized in the tray wuth

A

colunn, and every substrate type?bontaetfng every other

e
$

substrate type the same number of times within the tray as a
e . N .

whole. The'tray was filled with water'and ten individuals of
&
the same spec1es weré placed on the substrate surface in

each caée. Animals were then allowed to burrow into the

14

substrate; after a few minutes, individuals remaining on”the;
w3

surface were buried. The tray was placed in a rec1rculat1ng
art1f1c1al stream and exppsed to a mean current velocity of
10 cm/s for 24 houfs. The tray was then removed and the
1nd1v1dual cages placed in separate jars filled. w1th 95% .

A

ethanol. The contents of these cages were.sorted at 12X

magnlflcatlon under a dissecting m1croscope and all

individuals were removed and coun i,

The~R. demeijerei experiment'was repeated ghree-times

- g

with dlfferent arrangements of the substnates, the

Rheosmlttla Sp. experiment was run, only onge. Fourthiinstarh
larvae wer®’ used in both experlments. — T
Results are pgesented in Table II. 5 Only the f1rst run

of the R. demeljeﬁel experlment is reported since all three

‘runs ylelded s1m11ar results..The large number of

Rheosmitfia.sp -larvae that left the substrate dur1ng the
experlment was due to pupatlon (the pupae floated near or at

# . L

-~
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Table II.5 Mea#ﬁﬁﬁmber and variance of larvae per cage for

each substrate category in eaéh of the two experiments. The

initial number of larvae per cage was 10. “

0

¥
5
| i .
Robackia demeijerei Rheosmittia sp.
Substrate mean s? - mean 52
size(mm) .no./cage - no./cage
B o : . 2 L :
<0.12 - 4.50 4.25 . 1.50 . 2.25 -
4 . ) "‘ax. . . I . ,
0.13%0.50" ’&6.75 " 18.69 "4.75 - 6.19
1Q%ﬂg&§ e o . ) o _
o0.5§3%.40 © 18.00 .- 5.00 , -  8.50 9.00
. s ,b -'l'{l"" .3 . ’ . “
2.00%6.35" " . 4.75 6.69 4 2,50 © 1.25
8 o
‘ :1
; ] R . NI :
S R R

Lo
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. the water's surface in the artificial stream), and does not
represent a normal rate of larval emigration from the
sediments into the water column,

The results of the R. demeijerei experiment were
analyzed using one-way ANOVA; this indicated significant
differences (F=14.25, p<0.001) between the number of larvaeﬁ
on the different substrate types. DMR indicated that the '@%f
subst;ate in the 0.50- 2 OO mm range was selected ‘%ﬁa
significantly (p<Q:Q§)';ore often than all other types ofﬁ%

L
2

[N . i

- . na

-8 bstrat‘ : . : ' B o
2t ¢ o & ‘ .
One way ANOVA also 1nd1cagﬁc 51gn1f1cant differences .

. . (F 7 di p<0 01) 1n tﬁyinumber of Rheosmittia’ Sp larvae on
LAt ‘1 l

_that the 0 50-2.00 mm’ "substrate class retained a

-51gn1f1cantly (p<0. 05) hlgher number'of larvae than all the

~
.

'other substrates.

T E - L i

—

: ('J) } , = -
Wiley (1981) rilates the distribution of some
é}lronom1d larvae to their- ablllty to penetrate sedlments

and the probablllty of be1ng swept from the substrate before
: penetratlon is accompllshed If Robackla demelJePel and -
v ) . . ]

Rheosmiftia sp. larvae are 1nterst1t1al forms, then the . d

“ should also be a critical factor in substrate su1tab111ty

accessible 1nterst1t1al space for vermlform anlmals in

r

relat1vely homogeneousvmonomorphlc substrates. They estimate

that an animal with a cross-sectional diameter equal to 30

A

e'pre\nous ca§e, DMR 1nd1cated |

W volune St acce551ble 1nterst1t1al space wlthln the substratef\

Crisp and Wllllams (1971) prov1de a model for estamatlng‘the

L

oy
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. 0
instar R. demeijerei larvae would require a particle size

to 40% of the grain size would be able to use 50% of the

total volume of interstitial space.

By using Crisp and Williams (1971) model and the mean
head vidths of fourth instar larvae of both speijgs (Tablé
II.Z), I calculated the minimhm grain size in;’% X 50% of F
the total interstitial space would be available Eor the
larvae of each species. This analysis Andlcated'that gourth
greater than 0.32—0.43-mm for more than 50% of the ‘total v

void space to'be4awailable vFourth'inStar Rheosmittia sp.

glarvae would.requ1re partlcle S1zes greater than 0 20~-0.27

mm for access to 50% of 1nterst1t1al space.

‘The median particle, sizes of the substrates used in the *

o Ea’ly &

substrate selection experiments were'O 06, 0. 25” 1.00,,and -

- 3.36 mm‘respectively It seéms’ llkely that the selectlon of

J

the’ O 50~ 2 00 mm substr@te size class over the flner 51ze
classes by fourth instar R. demeIJeFEI lanvae was 1nfluenced

by the acce551b111ty of su1table 1nterst1t1al space in thls

L

substrate There were few 1nd1v1duals in the coarsesbu%

&"

substrate class (2. 00- 3 36 mm) where theoretlcally the 'J

P B .
greatest volume of 1nterst1t1al space should have been.

ava}lable Thls mlght have been due to the d1ff1culty some
' /

~interstit1al animals have in moving through laraqge openlngs, '

i ’ 3
espec1ally if their bodles do ‘not contact more than a- small

. &

area of the wall of qhe openlngk(Crlsp and W1111ams, 1971)

The assoc1at1on of fourth 1nstar'RheosmlttJa sp larvae

) \P

with the 0.50- 2.00 mm substrate 51ze class is exp1a1ned in~
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much the same manner as that for R. demeijerei, exc%pt that

the 0.12-0.50 substrate size claSS’should also have providéd,

Nt
EYINL:

a‘significant amount of accessible 1nterst1t1al space for - i
?}ia . 'S ’
‘these larvae. Crisp &nd Wllllams (1971) point out that fine

particles flll the larger interstitial spaces and tend to

o greatly reduce the acce551b111ty of 1nterst1t1al spaces.
L
Thus he portlon of partlcles below the medlan value ¥n the

@

e . substrates used in my. experlments may have decreased the

® X

J ‘reliability of estimates of the availability of integ%?}tial
i . X,

Space based'on the medlan part1cle 51ze
I - 03\ "
The results of these experxments suggest that the

4

dlstrlbutlon of R. demeijerei and Rheosmlttlaxsp larvae in

the field may have been determlned by dlfferences in the

N % dlstrlbutlon of partlcle sizes in the three substrate typesh' LR
fJ%L. - 'sampleé To determlne whether substantlal dlfferences M
= FR
\,eX1sted between thegthree substrate types, the mean o
3’3 * .fcontribution of nine particle size classes‘to ?he totalJ

welght of the substrate types was measured and\pooled for

'O, two separate datesv}F1gures JI 6 II ‘7 and 11.8). A

-

- Kruskals- Wallls .non= parametrlc ANOVA (Danlel 1978) was used_

Yo

to determlne whether 51gn1f1cant (p<O 05) dlfferences '

= N _ o .
"Aexlsted in the welght of mater1a1 in each 1nd1v1dual o

<

L partlcle 51ze class among the three substrate types. Dunn s
‘ test (Danlel 1978) was used to ass1gn dlfferences between .
e

the substrate types where the prev1ous analy51s had

1nd16ated 51gn1f1cqnt differences. The use of. actual welghts

-

rather than proportlons was jUStlfled because there were no



3
~
- 50
-
m ]
| [
\\ g
/'7 E
2 40
0 J
= 5
2 ) NP
£
‘5 .30
w0
'O
-t N
o
¥ .
< « 20
o .
Q
o
G o
4 -~
=
()]
(8]
| %
Q
a |
\
c
<O
0 r}}l
X .{' . z ¥y
5
' MY
(};

3

~F1gure II 6 Mean partlcle size dlstr1bUt1on by welght (g) of

&
< v?
s » 2
. B4
.
L
L B -
R IR
sl P
- \ Q?}' Y
. ! ' ‘
L.44 R L
. Y £
X . e )
A
)]
N g
: \

s

AR substrate from the sh1ft1ng sangd’ (SS) area.

-

n-

A L,
¢ T
3 " l.
¢
>, 1
[ o
. - ) " ' ‘&
I J .
. ) - .
2 o 'Y



83

@ 50 —
-t —vb %‘
S 40
Q
=
Q
a
£ 30
m .
S
o
-
« 20
o .
o
o
o .
-~
c |
g 10 | |
O
o 1 |
5 | | -
S 0 leeu r— ' ' D N -
' Cz o o q <Q 7 < v <9 db
9 "C ‘o NN . 6‘0 00_ o, (&6‘ ‘)o y
‘ Substrate Size Category (mm) |

+

Figure I1I.7 Mean particle size distribution by weight (g) of

substrate from the marginal sand (MS) area.
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substrate from the gravelly sand (GS) area.
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significant differences in the total weight of substrate
obtained from tﬁe three subsirate typés by the core-freezer
(ANOVA, F=1,99, p=0.l15). |

Significaﬁt differences \p;0.0S) were observed in only
.four of the nine particle size classes. The weight of
§ubstrate in the 12.70-38.10 mm class differed significahtlY/'
between all three substrate types, GS (gravelly sand)
possessing the greatest proportion of this class, and MS-
(marginal sand) possessing more of this class than SS
(shifting Saﬁd).‘Paftigl; size classeé‘2.00—3.36 mm and 7
3.36—12.76 mm were significantly more abundant in GS than in
the other sﬁbst:ate_types, and particle size cléss 0}50-1.00‘
mm was significantly more abuédant in SS than in the cher
substrate £ypes..No significant differences were detected-
‘amongst the finer particle size classes

o

The GS areas exhibited a higher propértion.of the
larger particle size classes, and these areas wer; quite
distinct ‘from Ehe other substrate‘types. Howevef, the MS
afeas would be expected to possesg_significantly more finer
pa{ticlés than the other substrates, since the preéence of

_ ;
fime particles on the surface of tg; sediments is one of the
features used to define thié substrate type.

The lack of substantial differences in the distribution
of»partic}é size classes in the three substrate types was
probably due in part to the 'historical component of the

cores. The sediment collected in each core represents the

depositional history of the point on the bed from which the

. 3
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core was obtained. With fluctuating discharge, the nature of
the material being deposited will change and, assuming no )
major scouring, may cover sediments laid down under very
bdiffereht conditions. A good example is the sighificanfly
greater'weight of gravel in the 12.70-38.10 mm particle size
class obtéined from MS when ccmpared to SS (Figures II.6 and -
II;7).[}he gravel found in MS was not surficial; it was
contributed by a gravel layer that unaeriaid the afea from
which some MS samples were obtained. This layer occurred at
a deptﬁ'of approximately .20 to 30.-cm below the surface of
the sediment and no macroinvertébrates were obtained from
this layer; however, it had a subsFantial effect on the
particle size distribution of substrate obtainedafrom MS
areas. In factnvmost of the differences between the SS and
MS particle size:diStributidns are a£tributable to this
gravel layer5

For my objectives, I found qualitative categorization
of substrate types to be a better predictor cf the abundance
of R. demeijerei and Rheosmittia sp. larvae than
quantitative measures of particle size distribution. This
suggests that the particle size disé;ibution 1s only one of
the factors that éontrol the distribution of these
‘chirénomid larvae. Two other factors that might be importanf
in determining the observed patterns of abundance exhibited
by larvae of R. demeijenei and Rheosmittia sp. were: (1)the

depth in the substrate in which sufficient dissolved oxygen.

was available, and (2)the presence of other
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macroinvertebrates (especially other chironomids).
Availabiiity of oxygen in the substrété is an important.
determinant’ of the distribution of both marine.meiopenthié
fauna (Coull and Bell, 1979) and freshwdter hyporheic fauna
~(Whitman and Clark, 1982). Fenchel ang Riedl (1970) define
three cblor”laygrs in marine qué}tzité sands: (1) Fhé .
“yellow, ‘or oxidized layer,bchaﬁgcﬁefi;ed.by the presence of
free oxygen and ferric iron; (2) thé gray, or redox
potential discontinuity (hPD) léyér, chéfaéterized by thé
presence of both -oxygen aﬁd réduch compouﬁdé; and'(3).the

- © e 4 ! .
black, or sulfige layer, characterized by the absence of

free oxygen and tﬁe presence of H,S andlirdn'suifides. They
also indicate that éhese layers_can'mdvetﬁp_and down on a
daily biiis' All three of these laye%s’wefe visiblé'in the
séndy sédiments of the Sand River. s |

| ~To determine the relative depths of the oxidized layers
in the three subétrate-types, measuremeﬁts were(madé of«thé-
depth at which the gray (RPD) layer was first visible- in thé
sediment frozen to the outside of‘the corer when it was
removed from the substrate (Table I1.6). The meaniaépthjbf
the oxidized (yellow) layer represeqts only a minimum

A esEimaﬁe since all depths greater than 25 cm (the‘maximpm
depth sarpled) were arbitrarily given a value'of-Zé cm. A
Kruskal¥Wallis'one way ANOVA byirahks (Daniel, 1978) was
used to tes;”fof differences in the depth of theioxidized

layers. This analysis indicated no significant differente

(H=4.71, p>0.05) in the depth of the oxidized layer in MS,

s



Table II.6\Mean depth in the substrate of the oxidized

(yellow) layer in.shifting*sand (SS), marginal sand (MS),

s

and gravelly sand (GS).

Mean Depth

Substrate S. n
Category Oxygenated :
' Layer (cm)
) ..':\
- SS - 17.5 30
. 3
MS 21.9.f 21
GS 18.4 7
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e

GS; or SS areas. Thus it¢ does not -appear that the depth of‘
the.oxidiied layer was an importénf determinant of‘the
distribution patterns of R. demeijenei‘and Rheosmittié sp. -
larvae in the Sand;River. -

Figure I1I1.9 shows the ébundancg of chironomids'othef
fhan R. demeijerei andARheosmfffia‘in the thréé'substrate_“
types. These data were analyzed in phe same wéy as” the
R. demeijerei and Rheosmittia sp. data, and tﬁey indicétgd
that §ggnificantly (p<0.05) more individuals‘o% all otﬁer
chironomids occur in MS and GS‘éreas than iﬁ SS areas. This
‘ éiétfibution is the opposite of those exhibited by.larvae‘of
R. demeijerei and Rheosmittia Sp. ahd‘is consistent with the

conjecture that other chironomid larvi&e could be exerting a

negi&ive influence on R.'demefJEPei and Rheosmittia

" CONCLUSIONS

Larvae of Robackia demeijefei and kheosmittia Sp. were
primarily associated with areas of unstable shifting sand,
where their small body diameters allow them to exploit the"
interstitial spaces between sand grains. Other chironomids
that construct tubes or tugnels in the substrate were scarce
or absent from-shiffing sand“areas, prbbably because of the

~

unstable nature of_th;se substrates. \
'Laboratoryjexperiments suggeét that distribution

patterns exhibited by R.. demeijengi and Rheosmitt ia sp.

larvae are affected by the distr;Zution of particle sizes in

the substrate, with particles in the coarse sand size range
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Figuré II.9 Mean larval density (#S.E.) of chironomids other

than R. demeijerei and Rheosmittia sp. on the three
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types.
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(0.50 - 2.00 mm) being favoured over Sgtb fanf andlgoarser
particies. However, subjéctive visual apd tﬁetile criteria
for the separation of subPStrate” types wj5 a'thtel predictor
-of the aBundance of thesé species than qdaﬂ“itative measures
of the particle size disﬁfibufions'of natufgl substrates,

a

Other factors, such aa the p}esence of ,chel Vpironomids and
the level of dissolve@ o¥Y¥gen in the sgbgtgégs’ posSibly !
influence the distripution of R, demeijere! #\g |
Rhéosmittia sp., althougb my data demongy Fat®y only a

negative relationship with the abundancg ©Of ohher chironomig

~

larvae.

/ﬁj_

AN
//» : {
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@ Ccastruction. of the Core-Freezer

The main body of the core freezer was constructed of
standard copper water plpe Flgure I1.10 1nd1cates-the"~
dimensions of the corer. The two lengths of coppertpipe that
made(uplthe.inner and outer® walls of the corer were joined‘ |
.using a’ standard coppér adapter (A) for joining'3.8 cm;(ﬂlS:
in) diameter pipe to 7.6 cm (3.0 in) diameter pipe An inner
ridge on the adapter had to be removed to fac111tate the use
of the adapter in a<backwards p051tlon The plpes were
soldered to the adapter u51ng a hlgh temperature 51lver
solder. Three spacers made of 0.6 cm (0 25 1n) pipe'weue
soldered in place near the top part of the double walled
portion -to keep the central tube in place; The handle wa's
mace of a solid steel rod (1.3 cm dlameter) whlch was
pushed into place through holes drllled 1n the outer and L
inner pipes. The ring (B) made_ofumasklng tape-was attached
25 cm from the bottom of the corer and'preuented the corer ;-

from penetrating more than 25 cm into the substrate.
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Figure II.10 The dimensions (cm) of the modified

T

core-freezer for sampling loosely consolidated sandy
substrates. (all diameters are i.d.). 'A' is the adapter; 'B'

1s the penetration ring.
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ABSTRACT

The abundance and biomass of benthic macrdinvertebrates
from shifting sand areas in the bed of the Sand River in
central Alberta, Canada, was examined for one year.
Macroinvertebrate density was relatively high; however,
~total biomass was low due to the small size of most
organisms; Total annual secondary production was determined
for populations of the two dominant chironomid species
(Robackia demeijerei and Rheosmittia sp.), and the sum of
these estimates (752 mg/m?/yr) was used as an estimate of
the total secondary production of benthicimacroinvertebrates
on shifting sand areas. Althéugh unit area biomass and
production were low relative to values reported for some
other lotic habitat types, shifting sand areas and other
sandy bedforms may be important if the entire river system

1s considered.



99

INTRODUCTION

Any attempt to study'riéers as ecosystems will require
knowledge;of the functional relationships within and between
communities of organisms occupylng the verlous habltat types
present in the system Most studies conducted in streams
have concentrated on organisms and communltles assoo}ated
with relatively coarse substrates found in riffle arees.
Since large rivers are usually dominated by fine—graioeo
materials and their characteristic bedforms (Leopold et\al.,
1964; Hynes, 1970), riffles occupy only a small proportion
of the total river bed area in these systems. Sandy
sediments probably form the most common habitat tyoes found
in the beds of large rivers; however, benthic
macroinvertebrates associated with these areas ﬁave seldom
been studied quantitatively.

One of tﬁe most.prominent types of sandy habitat\are
areas where the sand is.being actively moved by the force of
.the‘water current. These. areas are usually characterized by
the presence of sand dunes, although other forms, such as
plane beds and a:tid%nee,'are possible given aporopriate
‘current regimes (Leopold et al., 1964; Smith, 1975). These
dunes are in continuous downstream motion and present a
dynamic substrate for benthic organisms. Despite this,.a
well- developed microfauna has been reported from shifting
sand areas (Niewestnova-Shadina, 1935). However, these areas

are usually characterized as. unfavourable for benthic

macroinvertebrates, supporting only a few individuals of a
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few specialized species (Hynes, 1970).

Studies of unstable sand areas have generally supported
the view that these areas support few macroinvertebrate
species. However, there appear to be conflicting views on
whether these areas'support significant numbers of )
individuals. Studies of the effect of sana on smaller
streams and ri&ers wifh predominantly stony bottoms have
supported the view that unstable sands support few
individﬁals (e.g. Nuttall, 1972; Lenat et al., 1981).
Studies of the fauna of unstable sands areas in streams with
predominantlyksandy bottoms (usually large streams) have
yielded conflicting resﬁlgs,Asome’indicating few individual
macroinvertebrates (Bérner, 1951; Zhadin and Gerd, 1961;
Sioli, 1975; Northédte et al., 1976; Seagle et al., 1982)
while others ‘indicate large numbers of individuals (Zhadin
and Gerd, 1961; Barton and Lock, 1979; Barton, 1980) .

Perhaps more important than number of ;ndividuals are
the amounts of biomass and production that shifting sand
areas contribute to river ecosystems. This gquestion has been
partially addressed in only a few studies of large rivers.
(Berneg, 1951; Zhadin and Gerd, 1961; Monakdv,.19é9;‘
Northco£§ et al., 1976; Barton and Lock, 1979).

My study was conducted to assess the.biomass of benthic¢
macroinvertebrates on shifting sand and adjacent afeas and
to obtain an estimate of annual se%onda;y production for the

shifting sand areas in the bed of the Sand River in Alberta,

Canada. This river is -not farge, but the thalweg current
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.velocities, nature of the sediments, and the
macroinvertebrate species found in the Sand River are
characteristic of many large lowland fivers in North
America. Thus, I feel that this an appropriate model system
for studyding the ecology of shifting sand substrates in

rivers. -

STUDY SITE

The study was carried out at the mouth of the Sand
River (54°2é§ N, 111°02' W), in -east-central Alberta.o
Upstream of @ts mouth, the Sand River is app:oxiqately 30 m
wide with mean.thalweg current velocities ranging from
60-150 cm/s. The mean annual discharge over the study period
was approximately 16 m®/s. The bg?tem of the Sand River 1is
compesed almost exclgs;yely of sand, with silty areas
occurring near the banks .and with an occasional gravel- bar
occupylng part of the%¥ed Mean dally summer temperature

(June to September) was approx1mately 20°C. A more complete

description of the Study site is given in Chapter 1.

METHODS

-

Samples were coliected along‘ten transects, set out at
5 m intervals along a 50 m stretch near the mouth of the
Sand River. Samples were obtained in shifting sand areas
along these‘transects et intervals of 5,10,20, and 30 m from
the east bank, wherever possible. A series of samples was

obtained prior to freeze-up in”1980l(November 9) and
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approximately bi—&eekly-dufing the ice-free season of 1981 .
(Ap;ril 23 to Octc-‘)ber- 28).

The prin;ipai sémpling_ﬁevicelﬁas a modifiea~vgrsibn of
thé'cére—freezer described by Shépiro (195&9. A handled
Surber sampléf (mesh size 0.243 mm) was useé exclusively on
‘Nov. 9, 1980 and in coﬁjﬁnction w;fh the core;freezer on May
7,]981.‘Construction?of the core freezer and the techniques
used to obtain cores are described in Chaptér 2. Techniques
used with the handied Surber sampler are described in
Chapter 1. : o L .

Cores were kept frpzen, and Surber samples were
preserved in 95%Aetha ol for ‘transportation agd storége.
Core_éamples were thawed; and organic-maﬁerial was separatea
from inorganic material, for both types of samples, by
elutriation. The organic material'was then_softed under a
dissecting micrdscope at 12X‘magnification-andvall benthic
mac}oinvertebrates were removed and counted. Members of the
cWo dominént chironomid species in the shifting sand areas
[Pobackia demeijerei Krus. anleheosmfttia'sp.) were

sep  -~A by larval instar.

Ary weight biomass for larwval populations of the

two do: P chiro%omid species was calculated from the
ccunts = =737 mean df} 7eights for each instar (Chapter 2).
211 othe. ."nin artebrates were separated into two
categoriez “.:ner c. ronc 'ds" and "other orgamisms" and

were weicheu 2s - group to :?e nearest 0.002 mg on a

)

microbalance. 3
‘ ‘ -
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Surber sampler data for the tw$ dowinant chironomids
were corrected using efficiency estimates of 13% and 5% for
R. demeijerei and Rheosmittia sp. respectively (Chapter 2).
Total samble\weights were then estimated using these
cérrectea values. |

Production»estimates were obtained for larvae of each
of the two dominant chironomids separately and.then summed
to estimate annual pfoduction for the habitat. Bécause of
difficulty in defining thé cohort structu;e of Robackia
demeijerei, larval production of this species in the Sard
River waé egtimated using the size;frequency (Hynes) method
(Waters and Crawford, 1973; Waters, 1977). Rheosmittia Sb.
. production was determined using the same method to maintain
consistency. The 95% confidénce intervals for each of the

production estimates were determined using-the method of

. v
Krueger and Martin (1980). '

C}’QESULTS

The mean biomass of all macroinverfébrates, all
chironomids, and the two dominant chironomids obtained from
shifting sand areas in the Sana River are il}ustrated’in
Figure III.1, Total invertebrate biomass was overestimated
because sphaeriid (fingernail clams), which occur in
signifiéant numbers in this area, were weighed in their
shells._pérvae of R. demeijjerei and Rheosmittfa‘sp.
consistently contributed the Qajority of the chironomid

(mean=94.6%, $.E.=2.3) and total invertebrate biomass

\
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Figure III.1 Mean dry wezght biomass (+S.E.) of three

categories of benthlc invertebrates in the Sand River; all

categories are inclusive of lower categories (Rb= R.

demeijerei and Rh= Rheosmi'ftia sp.).
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(mean=80.6%, S.E.=3.7). They were also the numerically
dominant féxa in shiftihg sand areas of thg\Sand.River
" (Chapter 2). o

. Table 1 contains the production calculations for the
larval populations of each of the two dominant chironomids.
The'sum of the annual larval production of R. debeijeﬁei and
Rheosmittia sp. (752.03 +144.50 mg/m?/yr) was used as a
minimum estimate of total annual macroinvertebrate

production from shifting sand.

DISCUSSION

Total benthic macroinvefﬁebrate densiEy‘and‘biomass on
shifting sand areas in the Sand Ri&er was generally highe;
than the values reported in most other studies of unstable
sandy substrate§ in lérge relatively unpolluted river-s
(Table III.2). Most of the differencés between the vxlués
obtained in my'étudy and those-obtained in other studies éze
'probably attributable to differences in sampling techniqges;

.Unstable sandy areas tend fo be dominated by small
interstitial ér burrowing invertebrates, which are very
difficult, especiglly the early stages, to detect with the

o ‘

unaidecd zye. Thus,. the hand-picking or live—pickihg
teéhniques used by ﬁerner (1951) and Monakov (1969) would .
’ prbbably greatly underestimate the number of benthic
macroinvertebrates. .

Most studies that report meéh sizes used in sample- .

“

processing indicate mesh sizes greater than 0.50 mm. Several
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Table III.1 Production (dry weight) by instar and total
annual production (+95% C.I.) for the two. dominant
chironomids in shifting sand areas of the Sand River, ’
Rheosmittia sp. ‘
Instar No./m? Mean wt. No. loss .Wt. at Wt. loss Prod.
(mg) loss (mg/m?)" (mg/m?)
(mg)
. o /«j_
I+11 16464  0.0007
7 10674  0.0011 11.74. 35.22
111 5790~ 0.0017 " : -
‘ 4308 0.0045 15.08 45,23
v - 1482 0.0072 . .
1482 0.0072 10.67 32.01
Z 112.46
Annual Production = 112.46 x 2 = 224.92 +83.47 mg/m?/yr

Robackia demei jerei

o

I 346 0.0015

g . ’ -5922 0.0023
11 6268 0.0035 :

: -939 0.0066
II1I 7207 0.0126
: ’ 5813 0.0191 -

IV 1394 0.0291 .

’ 1394 0.0291
Annual Production = 527.10 x 1 = 527.10

~54

-13.62 .48
-6.20  -24.79
111.03 444,12
40.56  162.26

£ 52770

¥61.03 mg/m?/yr
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Table III.2 Macroinvertebrate density and dry weight biomass

estimates reported from unstable sandy substrates in some

large relatively yhpolluted rivers (NR= not reported).

River Author Sampler Mesh Size Density Biomass  Comments
(mm) (no./m?) (mg/mt) :
Missourt Berner Petersen. NR NR 0.19-12.5! Hand
(1951) grab ) sorted
Amur Zhadin and. NR NR NR 4. 1 Includes
: Gerd (1961) fine
gravels
Onieper weonn NR NR NR 170" neomn
Dniester LI R NR. NR 1500 483t ww
Lena fome wn NR NR 120-164 20.4-62.9" wnoneo
Ob neome NR NR NR 2.2-39. 1 weown
volga e NR " NR UP to 9500  960-1440' " »
Yenisei weoen NR NR NR 62.9°' "
e .
white Nile Monakov Petersen NR . NR 0.0-200 live
(1969) . grab sorted
Fraser Northcote Petersen 0.61 18-979 11-146! Includes
et al. and Ponar . gravelly
(1976) grabs ' sand areas
Athabasca Barton and Ekman grab 0.18 1 100-40000 60-~-200
Lock (1979) -
Athabasca Barton Airtlift 0.20 '1675-3564 NR
. (1880) sampler s ’
Mississippi Seagle et Petersen 0.61 200-300 NR
al. (1982) grab .

. |
' Dry weight approximatiohs from wet weights using conversion factor of
0.17(Waters. 1978).

N
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studies have indicaﬁed the relative ineffectiveness of these
coarse mesh sizes in retaining chironomid larvae and
oligochaétes (Mason et al., 1975). This situation would‘be

‘ aggrayated by thé minute size of moét riverine psammophilous
chironomid lart 'e. It is significant that the study
féporting the smalle§§ mesh size in sample procéssing (0.18
Jum; Barten and Lock, 1979) also reportea the largest numbers
of invertebrates in sand areas. Because most sfudies have
used large mésh siZes, it ,seems probable that theAabuﬁdahce
and biomass of chironomidae in unstable sands have been
systematically undereStimated.

_ Although macroinvertebratg densities can be high in
shifting sand areas, macroinvertebrate biomass and
productiqn estimates are usually low relative to those of
many other lotic habitats (Berner, 1951; zhadin and Gerd,
1961; Mann, 1975; Waters, 1977; Barton and Lock, 1979) .

The beds of large lovw and rivers are usuallyvdoﬁinat;d
by unstable.sépdy substretes (Leopold et al., 1964; Barton,
v1980). Zhadin ;nd°Gerd_(1961) indicate that 90-95% of tﬁe.
‘beds of.some rivers in the U.S.S.R. aré composed of this
type of subsErate. In the lo%br reaches of the Sand River, a
conServative estimate of the proportion of the river bed
compqsed of shifting sand is 80% (based‘on aerial
phogographs and surface observatidhs). I suggest that,
-although shifting sand areags support relativélz little
macroinvertebrate biomass or production.on a per unit area

basis, these areas by virtue of their large size contribute -

°
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significantly to tﬁe total macroinvertebrate biomass and
production within the entire river system,

Although the role of shifting sand areas in river
ecosystems_is poorly known, this generally overlooked
habitat is®robably important becau;e of 1ts contribution ;%
biomass and secdndary production. The sensitiQity of
macroinvertebrate communities associated with shifting sand
areas is unknown, but possibly some of the aifferences
observed between my study and those of others are due to the
effects of'human-ihdhced perturbations or pollution of many

of the other rivers studied.
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THESIS CONCLUSION

Three species (Pseudiron centralis, Robackia
demeijerei; and an undescribed species of Rheosmittia) of
benthic macroinvertebrates dominated the shifting sand areas

in the bed of the Sand River.

Pseudiron centralis ié a heptageniid mayfly associated
with areas of shifting sand fof bart of its larval life. In
these areas it preys upon chifonomid larvae, which it
captures while foraging across the surface of éctively
moving sand dunes. It is univoltine and spends most of the
year (Jui?-to April) in the egg étage. |

Robackia demeijerei is a relatively small chironomid ;n
the subfamily Chironominae. The larvae utilize the
intepstitiél environment below the surface of shiftiﬁg sand
areas. Robackia démefjenei larvaeAhave been. suggested to be
-predaceous{ however, no clear evidence of predatory behavior
was obtained -in my sfudy; Roééckia demeijerei was found to
be univoltine in the Sand'River,lwith.an extended emergence
period. N

Rheosmittia sp. is a member of the subfamily
Orthocladiinae. The genus-was unrecognized Until very
recéntly,lprobably due to the habitats frequented by

(rivers) and the small size of most members of this genus.
In the Sand River, larvae of Rheosmittia sp. also‘appear to
‘use the interstitial spacé available between sand’grains in
shifting sand areas. Rheosmittia sp. larvae éppear to feed

primarily on diat&ms, probably obtained from the surface of

114
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sand grains. This species was bivoltine in the Sand River,
with a winter and a summer generation.

Populations of these three species represent more than
™

80% of the mean macroinvertebrate biomass associated with f\
shifting_sand areas and thus appear to be the'major /
structural elements of macroinvertebrate communities
associated with these areas in the bed of the SandLRiver. It
appears that Rheosmittia Spt larvae are herbivorous
exploiting psammophilic diatoms; R. demeijerei larvae are
predators ‘or detritivores, perhaps preying upon Rheosmittia
‘or uti;izing the small amounts of organic material entrained
in shifting sands; and P. centralis larvae are predators,
preying upon larvae of both R. demeijerei and Rheosmitt i
sp. . A

Although shifting sand areas in tHe Sand River
'sopported high densities*pf‘macroinvertebrates, the mean
.total biomass in these areas was lower on a per unit area
basis than those reported from mahy'other types of riverine
habitats (Zhadin and Gerd, 1961; Barton and‘Lock 1979;
Seagle et al., 1982). The suggestlon that shifting sand
areas could support relatively” large amounts of ;
macr01nyertebrate production per unit area was not supported
by my study, primarily because the dominant chironomids ia
the Sand River exhibited relatively'loﬁ generation turnover
rates. Macroinvertebrate production from shifting sands
appears to be generally lower than values reported for

-«

entlre faunas: or even populatlons of single species in other
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lotic habitats (Waters, 1977; MacFar}ane and Waters, 1982).
'Although the amounts of biomass and macroinvertébréte
production v :re low 1in shifting sand areas, there were
significant amounts. This is contrary to the suégestion that
such areas support few macroinvertebrates (Berner, 1951;
Hynes, 1970; Sioli, 1975) and indiéates that these areas
“Should not be_ignored in studies of rivers. This is
especially important if thé contribufion of shifting sand
areas 1is assessed for whole réac@es of the river or fof the
entire river system. Shifting sand areas dominate the beds
of most large lowland rivers, and thus the fauna of these

areas probably makes a major contribution to river

ecosystems,

Further Studies

| Litﬁle is known about the ecology of the biota of large
rivers. I believe effective mahégement of the river
resources fequires a much better understanding of the biota
of these systems. I feel that my work raises some
interesting questions that if addressed. would contribute
toward an enhanced updergtanding of riQer ecosystems.

The relationships between the three dominant
macroinvertebrates in shifting.sénd‘areas of thQ;Saﬁd River _
wére only briefly exahined in this study; however, several
QUestions were raised. Some of the most interesting ones
involve the nature of. food webs in shiftiné’Sand

environments. ILf both P. centralis and R. demejerei- larvae

\
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are predaceous, what then is the nature of the interaction
between these two species and their prey? Since P. centralis
larvae prey on chironomids in shifting sand habitats for
only a small part of the year, do these chironomid
populations ‘remain unexploited for the rest of the year?

An obvious'questgon is whether the results of my study
can be applfed generally to shifting sand areas in all

rivers. In terms of taxonomic composition, the

r

macroinvertebrate fauna of shifting sand areas in thé& Sand
River is similar to that found in other sandy rivers in
North America (Chapters.1 and 2). However, given the presents
state of knowledge (Chapter 3), it is difficult to assess
A;bjectively whether the density, biomass, and producti92¥7#W
estimates oSEained for shiftihg sand areas in the Sand River
are truly représentativé of these areas in genera’l. Further
‘stﬁdy is required to support or refute ﬁy view that most
studies have faileq to sampie‘macroihvertebrates effectively
in these areas.

I'have’atfempted to compare my results only with
 studies of other in relatively unpolluted fivers or in

-

unpolluted reaches of large rivers. But many of these rivers

«
S

have been modified fot hydroelectrical generation, flood
control, and navigation.lHence, these rivers, irrespective
of differences attributable to sampling methods,umay support
very différent communities in shifting sand areas. If this
is true, then the macroinvertebrate fauna of shifting sand

'habitats may be a important indicator of the health of a
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river system. The ﬁsefulness of these animals as
biomonitoring tools is potentially great, if the sampling
problems céuld be pverco;e: The uniformity of shifting sand
habitats over long reaches of the river bed facilitates
compa?isons above and beloy sources of human perturbation.
The low diversity and large number of individuals would also
brobably aid ;n sample prbcessing and estimating
macroinvertebrate density.

The shifting sand habitat ‘of.rivers is generally
‘considered an unfavourable habitat, because of the
instability of the substrate; however, this iﬁstabilty was
relatively constant and predictable over ghe life cycle of
the benthic macroinvertebrates examined in the Sand River.

€

Barton (1980) points out the devastating effects of

2
TN
O

fluctuating river discharges on marginal silt and bed%ock
areas in rivers. Areas of shifting sand appear to be
felétiVely unaffected by moderate changes {; discharge, and
thus-it fs diffi;ult to detegmihg whether such areas are
relatively more or less unfavourable than other river
habitats. It would be intéresfing to determine whether the 3
low macroinvertebrate diversity of shifting sands is a
function of the physical stresses imposed by the instability
lbf the substrate in this habitat, or whether if is a

function of the long term predictability and uniformity of

this Habitat.
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