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Methods in Quaternary
Ecology #6. Cladocera

B.J. Hann

Department of Zoology
University of Manitoba
Winnipeg, Manitoba R3T 2N2

Summary

Cladocera are among the best represented
groups of aquatic invertebrates that leave
fossils in lake sediments. The skeletal frag-
ments of Cladocera are abundant, can be
identified to species in most cases, and
represent taxa from a variety of ecological
niches in a lake. Unlike more conventional
paleoecological indicators such as pollen or
bestles, Cladocera are not useful directly in
paleoclimatic reconstructions. Instead,
Clagocera microfossii assembiages are busi
used to reconstruct past lacustrine environ-
ments, 1o investigate the effects of human
disturbance (eutrophication, acidification,
contaminants), and to assess long-term pop-
ulation and community changes. Improved
understanding of the ecological tolerances
of living Cladocera, increased comparisons
with analogue communities, and application
of multivariate analytical methods will
expand our interpretive capabilities for both
modern and fossil assemblages. Once we
understand how and why cladoceran com-
munities responded to environmental
events in the past, we may be better able to
predict the direction and magnitude of future
change.

Intreduction
The Cladocera, commonly known as water
fleas, are a major component of the micro-
crustacean fauna in freshwater lakes and
ponds. They occur in both the offshore (pel-
agic) regions, where the families Daphniidae
and Bosminidae predominate, as well as in
the shallow littoral zone where the diverse
members of the family Chydoridae are most
abundant. Among the chydorids, some spe-
cies are found among submersed vageta-
tion, whereas others more commonly live on
sand, mud, or rocky substrata. In contrast to
lakes, the microfauna of bogs are primarily
macrothricids.

Cladocerans must moutt their exoskeletons
periodically in order to permit growth in size. This
process occurs several times during the

lifetime of each individual. The exoskeletons
are chitin, a remarkable chemically inert
material which preserves details of shell
sculpturing, setae (or their attachment sites),
as woll as other features critical to species
identification. Most fragments can be identi-
fiect to species or at least can be assignedioa
species group. These exoskeletons accumu-
late and become incorporated in the sedi-
ments. All exoskeletons {(except the very ear-
liest ones) produced by an individual appear
to have an equal chance of being preserved.

Cladoceran exoskeletons are not pre-
served intact, but instead disarticulate into
their component parts: head-shield, cara-
pace, postabdomen, claws, antennules,
mandibles, ephippia (Figure 1, 2). The major-
ity of skeletal remains consist of members of
the cladoceran families Bosminidae and
Chydoridae. Other planktonic Cladocera are
poorly preserved and are encountered
rarely as fossils in the sediments except as
post-abdominal claws, ephippia, and man-
dibles. However, in an extremely detailed
study of Cladocera remains in surficial sedi-
ments of several Finnish lakes, Cotten
(1985) identified a greatly expanded reper-
toire of fragments from other families.

This paper demonstrates the utility of
Cladocera microfossil remains in the context
of Canadian or North American research
progress. Specifically, the intent is (a) to
review briefly the historical development of
ine figld in North Amsiica, (B} to doseribo the
nature and cccurrence of microtossils in
lakes, and the methods of preparation and
identification of remains, (c) to suggest how
cladoceran fossils can provide a basis for
inferring or reconstructing paleclimnologi-
cal or paleoecological events, for expanding
our biogeographical database, and for the-
oretical studies in community structure,
development, and ecology, and lastly, (d) to
provide suggestions for additional work in
the area of cladoceran microfossil research
to extend their usefulness in Quaternary
palececology.

Historical Development

Examination of Quaternary fossil Cladocera
began in the late 19th century in Europe, but
not until the 1900s in North America. The
majority of early literature records (see Frey,
1964} simply report the occurrence of a few
Cladocera taxa with no attempt to recon-
struct the entire cladoceran community or
interpret the data in an ecological context.
Deovey (1942) carried out the first quantita-
tive study of animal microfossils in North
America. The abundantly represented
Bosmina exoskeletons proved useful in ana-
lyzing the developmental history of Linsley
Porxi (Deevay, 1942; Vallentyne and Swabey,
1955) and Rogers Lake (Deevey, 1964,
1969). These studies stimulated a number of
fundamental investigations of accumulation
of remains and sedimentation rate, and
internal transport of fossils within a basin
(Livingstone, 1957, Livingstone et al., 1958).
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A major break-through in cladoceran
microfossil studies came with Frey's (1959)
study of the headpores on the headshields
of the chydorid Cladocera; the well-pre-
served headshields could now be identified
to species. Goulden and Frey (1963} demon-
strated that the 2 subgenera of the
Bosminidae could be distinguished on the
basis of the location of the headpores on the
headshields. As the chydorid and bosminid
remains are typically the most abundant in
the sediments, this new diagnostic tool
greatly improved the resolution of micro-
tossil studies. Since those landmark studies,
cladoceran microfossil evidence has been
used to examine past ecological develop-
ment of lakes in many parts of the world:
temperate zone (Goulden, 1964; Megard,
1964; Harmsworth, 1968; DeCosta, 1968;
Hofmann, 1978, 1986), tropical regions
(Goulden, 1966a,b; Megard, 1967), and the
Arctic (Bradbury and Whiteside, 1980).

One of the first systematic studies of fossil
Cladocera in Canada was by Sreenivasa
(1973). More recent investigations include:
Warner et al. (1984), Hann and Karrow
{1984), Smol and Boucherle (1985),
Boucherle et al. (1986), and Hann and
Warner (1987).

Fisld Sampling

The abundance and species composition of
the cladoceran community vary greatly both
geasonally and in differant hahitats within a
lake. Fortunately, the remains of species
from different microhabitats in the littoral
zone, occurring in all seasons, appear to be
integrated (to varying degrees) with remains
of planktonic taxa in the deep-water sedi-
mentary record (Frey, 1960; Mueller, 1964;
Boucherle, 1982) as a consequence of
redeposition of littoral remains offshore.
Thus, the entire chydorid fauna of the lake
will be represented in the sedimenis, and
percentage species composition of the com-
munity can be determined by analyzing the
microfossils in a sediment core (Goulden,
1969a).

The extent of integration of littoral and pel-
agic remains is a function of distance from
shore and water depth (Mueller, 1964;
Boucherle, 1982). Microfossil remains of lit-
toral species are well represented in the lit-
toral sediments, constituting a rapidly declin-
ing proportion of total cladoceran fossils with
increasing distance from shore. In contrast,
remains of planktonic species are rare in shal-
low-water sediments, and increase in abun-
dance offshore. In some lakes, they appear
to form a "concentration zone™ at the top of
the hypolimnion (Muelier, 1964), perhaps
a function of lake morphometry. Neverthe-
less, this distributional feature must be
taken into consideration in lakes where
water levels have fluctuated, and where the
concentration zone may periodically be
represented in the core, Although the con-
centration of remains in the surficial sedi-
ment does vary across a lake basin, the
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percentage species composition of cla-
doceran remains is close to uniform in the
deep-water sediments (Boucherle, 1982).

The design of strategies for sampling
(both spatial and stratigraphic) must consider
the mechanisms that affect sediment (and
microfossil) redistribution as governed by
basin morphometry. These include: changes
in lake level, thermal stratification, sediment
focusing, bioturbation, diagenesis, and
resuspension (Hakanson, 1977; Davis et al.,
1984; Hilton, 1985; Dearing, 1986). In most
instances, these difficulties have been
ignored, and one central reference core
(assumed to represent the integrated sedi-
mentary record of the lake) has been ob-
tained from the deepest part of a lake. This
approach may be adequate in broad-scale
regional comparisons of lakes. However,
where the goal of the research is a more

Figure 1 Selsected fossil remains of Cladocera from the Don and Scarborough Formations at

detailed understanding of the events within
the catchment and waterbody, transects of
cores or even a stratified or systematic
design of core samples will be required to
represent adequately the depositional
environments. Methods for examining multi-
ple-core correlation within time-strati-
graphic units are available (Birks, 1986;
Dearing, 1986), but have not been applied to
cladoceran microfossil studies.

Coring of sediments, especially annually
laminated sediments requires care to re-
trieve the stratigraphic sequences intact
and with minimal distortion. Various types of
freeze-corers have been designed for recent
sediments (Huttunen and Merildinen, 1978;
Wright, 1980; Renberg, 1981). Gravity or
piston corers are used to obtain longer sedi-
ment cores in lakes (Aaby and Digerfeldt,
1986).

HEAD PORES
L3

Laboratory Techniques and
Identification
Concentrations of cladoceran microfossils
in lake sediment may vary from less than 100
to several hundred thousand per cm?. To
estimate the number of exuviae per cm? of
fresh sediment for each species present at
each level, different amounts of sediment
must be processed according to the micro-
fossil densities. The volumes assessed by
preliminary determinations may range from
as little as 1 cm? in gyttja to 10-20 cm? per
stratigraphic level in mineral sediments.
Unnecessarily harsh chemical treatment
is to be avoided as it may increase fragmen-
tation or degradation of remains and make
identification difficult. Frey (1986b) has sum-
marized various treatments needed for dif-
ferent types of sediments. The main steps
include: gentle heating and stirring of the

Toronto, Ontario. All scale bars represent 50 um. See Hann and Karrow

(1984) for details. (a) Alona circumfimbriata, headshield; (b) Daphnia sp., ephippium; (c) Alona quadrangularis, postabdomen; (d) Alona quadrangularis,
postabdomen; (e) Pleuroxus denticulatus, carapace, (f) Acroperus cf. harpae, carapace, (g) Alona rustica, carapace; (h) Alona quadrangularis, headshield.
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Figure 2 Fossil remains of Cladocera from Manitouwadge, Ontario. All scale bars represent 50 um. (a) Alona cirumfimbriata, headshield; (b) Alona affinis, headshield;
(c) Alona rustica, headshield; (d) Alona costata, headshield; (e) Alona lapdicola, whole animal; (f) Alona quadrangularis, headshield, (g) Sida crystallina, antennal
segment, (h) Bosmina longirostris, headshield and carapace; (i) Sida crystallina, postabdominal claw; (b) Pleuroxus denticulatus, postabdomen.
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sediment in 10% KOH, followed by careful
sieving through a 37 um mesh sieve to retain
the smallest exoskeletal pieces. The residue
retained on the screen is transferred to a vial
and topped up to a known volume, with a few
drops of formalin or alcohol added as a
preservative.

To prepare quantitative slides, volumetric
aliquots of the residue (typically 0.05 mL) are
transferred to microscope slides using a pre-
cision pipette, with glycerin jelly as the mount-
ing medium, lightly stained with lignin pink.

Identification of cladoceran microfossils is
greatly assisted by a reference collection of
slides of whole animals and moulied exo-
skeletons from the region under study. Liter-
ature sourcas useful for identification of
North American material include Brooks
(1959) and Pennak (1978). It is essential to
supplement these sources with original liter-
ature descriptions of the many taxa not
included therein or inadequately illustrated
{Hann, 1981, 1982; Hann and Chengalath,
1981; Chengalath and Hann, 1981a,b; Frey,
1980, 1987). In addition, it has been clearly
demonstrated that several chydorid species
do not have cosmopaiitan distributions, as
previously assumed, and this pattern of
more restricted distributions of species is
undoubtedly prevalent {Frey, 1980; Michael
and Frey, 1983, 1984). Hence, accurate iden-
tifications of taxa may often require use of

LITTORAL
(MEIOBENTHIC)

primary species descriptions, and verifica-
tion by taxonomic experts, familiar with the
focal fauna.

Numbers of each exoskeletal fragment
{headshield, carapace, postabdomen, claw)
are tabulated for each species. Of the sev-
eral methods available for assessing popu-
lation size for each taxon (see Frey, 1986b), a
common choice is to use the largest cate-
gory count as the estimate of species abun-
dance at each level for each species, These
numbers can be presented as (1) percent-
age that each species constitutes of the total
at each level, (2) concentration (numbers
per gram of dry sediment) or (3) accumula-
tion rate (remains per cm? x sedimentation
rate (emlyr)).

The most common graphical representa-
tion of data is a relative frequency diagram
for the most abundant taxa (Figure 3), and a
plot of percentage littoral versus pelagic taxa
throughout the stratigraphic record. Species
diversity, typically estimated by the Shan-
non-Wiener diversity index, and equitability
(Lloyd and Ghelardi, 1964) are also calcu-
lated for each level. If adequate dating of the
sediment seguence is available, presenta-
tion of abundance diagrams constructed
using all three computation methods listed
above provides the most comprehensive
basis for analysis. Each method has advan-
tages and disadvantages in interpretation of

NEUSTON
Scapholeberis

the lacustrine sedimentary record (Brugam
and Speziale, 1983; Binford, 1986). Renewed
attention must be focussed on critical exam-
ination of statistical and analyticat methods
applied to fossil Cladocera communities
(see Whiteside and Swindoll, 1988).

Uses and Applications in Palececology
A wide range of problems can be addressad
using cladoceran microfossil assemblages:
{a) paleolimnological and palececological
reconstructions, (b) comparative regional
limnology. (c} theoretical community ecol-
ogy, and (d) biogeography (Frey, 1986a).
Cladoceran microfossil evidence provides
a primary tool for the reconstruction of past
lacustrine environments, from interglacial
periods (Frey, 1962; Hann and Karrow, 1984)
through to historical time (Kerfoot, 1974;
Birks ot gl., 1976; Brugam, 1878). In the only
two studies of cladoceran microfossils in
interglacial sediments, the Eemian in Eurcpe
{Fray, 1962) and the Sangamonian in North
America (Hann and Karrow, 1984), no mor-
phological change in any cladoceran species
was detected between interglacial represen-
tatives and modern counterparts. Similarty,
there was stability in species composition of
the assemblage and the relative abundance
of taxa was comparable to that in modern
communities. Given this evidence of mor-
phological and ecological uniformity in the

LITTORAL
(OPEN WATER)

OPEN WATER
(PLANKTONIC)

Simocephalus Daphinia

Bosmina Bosmina
Graptoleberis Daphnia Diaphanosoma
Eurycercus PO/,VP/PGI'T?US Leplodora
Aone Holopedium Bythotrephes
Pleuroxus
Oxyurella
Acroperus Afona s
Camptocercus Alonopsis SAND K
Rhynchotalona Chydorus mup s
Disparalona Alona ‘
Ophryoxus Chydorus Hyocryptus 2,
Sida Chydorus ’
Latona Leydigia
Acantholeberis Monospilus

Figure 3 Ecological niches occupied by Cladocera inciude: the pelagic zone with planktonic genera, the shalfow water littoral zone with pianktonic genera, and the
littoral zone with meipbenthic genera segregated into several subhabits: vegetation, rock, sand, mud, and the nauston.



Geoscience Canada Volume 16 Number 1

cladoceran community, at least since the
last interglaciation, modern ecological data
can be validly used for paleoecological
reconstructions within this time period.
Cladocerans inhabit diverse habitats,
ranging from the littoral to the limnetic zone,
and among vegetation, on rocks, sand, and
other substrata in the littoral 20ne (Figure 4).
By distinguishing the remains of littoral taxa
from those that inhabited the limnetic zone
of a lake, a planktonic/littoral {P:L) ratio can
be determined. This reflects, in part, the
relative volumes of the lake that have con-
tributed remains to the sediments, and can
be used to assess fluctuations in lake levels
{Mueller, 1964; Alhonen, 1970) and, perhaps
of greater significance, changes in littoral
area providing habitat suitable for develop-
ment of the littoral fauna. Chydorid Cladoc-
era can be subdivided into vegetation- and
substrate-dwelling groups (Quade, 1968;
Whiteside, 1974; Whiteside et al., 1978). The
majority of chydorid species which have
been carefully investigated are quite habitat-
specific; for example, Alona borealis is
typically found only in littoral habitats with
sandy substrate, with little vegetation, and in
nutrient-poor waters (Chengalath and Hann,
1981a). Therefore, the composition of the
cladoceran assemblage recovered from the
sediments can reveal a great deal about the
lacustrine environment that existed in the

past.

CAPE BALL, SECTION 81-C)

Do cladoceran microfossil assemblages
retlect regional conditions in the watershed
or local limnological conditions? Unlike the
polien record in lakes which is usually an
amalgam from sources within the local
catchment as well as from long distances,
the Cladocera assemblage represents the
product of the immediate aquatic environ-
ment, which greatly bufters the direct
impact of climatic change. If cores can be
obtained from a number of lakes in a
region, it may be possible to separate the
regional influences from the strictly local
ones. Goulden (1964) and Harmsworth
(1968} studied two small lakes in the
English Lake District and found similar pat-
terns of cladoceran relative abundance
and distribution in time, suggesting paralle
developmental histories. However,
planktonic Cladocera predominated at Es-
thwaiteWater, whilg littoral forms were
dominant at Bletham Tarn, probably a con-
sequence of differing lake size and littoral
zone area (Harmsworth, 1968). The overall
similarity of the littoral chydorid community
argues for regionally similar limnological
parameters and composition of the mac-
rophyte community, governed in turn by
regional climatic impact on the watershed.

The abrupt decline in hemlock in eastern
North America 4800 years ago {Webb,
1982; Allison et a/., 1986) provides another
example of a broad scale environmental

Graham Island, Uueen Charlotte isianas
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factor impinging upon the biota of lakes.
Boucherle st al. (1986) studied the effects
of the loss of hemlock from the watersheds
of three lakes in southern Ontario. Al-
though each lake experienced a change in
trophic status, the response of the cladoc-
eran community was unique in each lake,
the differences probably related to lake
gize and the ratio of littoral to pelagic zone
volume.

Thus, for two very different regional
environmental factors, climate and hemlock
decline, the evidence suggests that a hier-
archical approach to interpreting the influ-
ence of environmental factors, as recom-
mended by Hann and Warner (1987) and
Warner and Hann (1987), will provide the
most parsimonious result. This involves tak-
ing into consideration regional, local, and
microhabitat characteristics, in turn, as con-
tributing to the overall variation in com-
munity structure and composition.

Inference of paleotemperatures from
cladoceran assemblages has drawn on
studies relating present latitudinal distribu-
tions of Cladocera with climatic regimes
{DeCosta, 1964; Harmsworth, 1968), classify-
ing species as arctic, north or south tem-
perate, or surytopic. However, because of
taxonomic difficulties (e.g., north-south sib-
ling species), geographic affinities are subject
to considerable misrepresentation and must
be approached with caution. Many of the more
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common taxa, as currently defined, have
broad distributions and, thus, are not useful
in climatic interpretations.

Specios diversity as well as species com-
position change during development of a
community through the sedimentary se-
quence. To interpret these patlerns, com-
parison with modern analogue communities
is a useful approach. As Whiteside {1970)
pioneered application of the technique o
chydorid assemblages, his study will be
described in some detail. Whiteside (1970}
examined assemblages of chydorid remains
from surficial mud samples derived from 77
Danish lakes for which extensive limnologi-
cal data were available. The lakes could be
classified subjectively into 3 types (clear-
water lakes, pond and bog lakes, and
culturally disturbed clear water lakes), the
groupings subsequently validated using
multiple discriminant analysis of the lim-
nological parameters. Analysis of correla-
tions between individual chydorid species
abundances in the surficial assemblages
and limnological parameters revealed
strong negative corretations between many
species and alkalinity, pH, conductivity, and
transparency.

More usetul than relationships for individ-
val species are those characterizing species
assemblages. Multiple discriminant ana-
lysis (MDA) of average relative abundances
{percentages) of microfossil chydorid spe-
cies in each lake type provided a measure of
the importance of species in defining a lake
type by species. Generally, there was a good
relationship between species groups and
lake types, lending support to the hypoth-
esis that chydorid assemblages can be used
to reconstruct limnological conditions in
palececological studies.

Whiteside (1970) next tested his modern
analogue data from surficial chydorid
assemblages against assemblages from
cores of two Danish lakes, and attempted to
infer past lake conditions. In one instance,
Esrom S¢ use of the modern analogue com-
munities as delimited by MDA was useful
because the major factors affecting relative
abundances in the past had been included in
the original construction of the analogues. in
Grane Langs®, in contrast, the analysis was
less successful because the impact of cli-
mate during the developmental history of
the lake was considerable, a factor which
had not been incorporated into the initial
survey data as the lakes were all within close
geographic proximity. Hence, “the more
accurate an investigator pinpeints the
important factors (abiotic and biotic) affect-
ing the distribution and abundance of organ-
isms (and uses these factors to generate the
discriminant function), the more accurate
will be the description of that organism's
niche"” (Whiteside, 1970, p. 114), and conse-
quently, the stronger the basis for interpreta-
tion of palecassemblages (Whiteside and
Swindoll, 1988).

Synerholm (1979) analyzed microfossil
chydorid assemblages from surficial sedi-
ments in 32 lakes in Minnesota and North
Dakota, on a transect from acidic, iow con-
ductivity waters in coniferous forest o cir-
cum-neutral pH waters in deciduous forest
to alkaline waters with high dissolved ion
concentration on the prairies. Each lake
type had some characteristic chydorid spe-
cies, although several species were general-
ists, occurring in all lake types. The strong
negative corretation between chydorid spe-
cies diversity and specific conductance
found in this study supports the relationship
detected by Whiteside (1970) between
chydorid abundance and diversity and
oligotrophic-type lakes of low productivity.
Similarly, Whiteside and Harmsworth (1967)
found a positive relationship between diver-
sity and water transparency in 20 lakes in
Denmark and in 14 lakes in northern Indi-
ana, and an inverse relationship between
species diversity and primary productivity.

Crisman {1980) examined subtropical
chydorid assemblages in 52 lakes in Florida.
The lakes were separated into three groups
on the basis of four limnological parameters
{phosphorus, conductivity, alkalinity, and
Secchi disk transparency). Microfossil
chydorid assemblages extracted from surfi-
cial sediment samples from the lakes were
expressed as percentage representation by
each species in each lake. Principal compo-
nents analysis (R-mode) was used to exam-
ine the associations among individual
chydorid species, and to define the lim-
nological parameters controlling the group-
ings. The chydorid fauna was separated into
soft-water and hard-water assemblages.
Although both Synerholm (1879) and Cris-
man (1980) established the correlations
between chydorid species and limnological
parameters, neither attempted to use thair
analogues to interpret and reconstruct past
lake development or examine chydorid com-
munity changes in their region.

Changes in species diversity have often
been attributed to change in trophic status of
the waterbody. Increased productivity of
algae is typically associated with reduced
transparency and decreased diversity of
chydorid Cladocera. Other explanations
must be considered, however, as empha-
sized by Whiteside (1983). For instance,
increased overall productivity of the lake
may be largely attributable to higher littoral
zone productivity, primarily macrophytes.
Thus, the available habitat for chydorids
should increase, as would species diver-
sity. In those few studies where remains of
both ¢ladocerans and aquatic macrophytes
have been analyzed (Warner et al., 1984;
Hann and Warner, 1987), correlations of
species diversily and overall concentration
(remains/icm?) or accumulation rates for the
two groups lend support to this hypothesis.

The interaction of climate, morphoedaphic
tactars, and lake ontogeny with cladoceran

community composition is complex. Only
through incorporation of a variety of comple-
mentary indicator groups into the matrix,
along with the Cladocera microfossils, can
we hope to tease apart major controiling
factors from significant interactions.

The species replacement of Bosmina long-
ispina by B. longirostris is frequently consid-
ered indicative of eutrophication of the lake
(Crisman and Whitehead, 1978; Hofmann,
1978}. However, a change in dominant preda-
tors, for example, from planktivorous fish to
invertebrate predators, could lead to the
same replacement of a large bosminid by a
smaller one. Kerfcot {1974, 1981) has demon-
sirated that a shift in rajor predators concur-
rent with nutrient enrichment could explain
the changes in Bosmina morphology during
the post-glacial history of Frains Lake, Michi-
gan. The planktonic Cladocera community in
Lake Harriet, Minnesota alsoe responded pri-
marily to change in predaters rather than to
trophic change (Brugam and Speziale, 1983).
Changes in size structure and cladoceran
community composition in Peter-Paul Lake,
Michigan have been attributed to different
predation intensity in two halves of the lake
subject to contrasting experimental manipu-
lation (Kitchell and Kitchell, 1980). Nilssen
(1978} has summarized the major influgnce of
vertebrate and invertebrate predators on the
zooplankton community as recorded in the
microfossil rermains.

The impact of human disturbance can
also be read in the recent microfossit record.
The acidification history of lakes has been
studied using short cores from lakes in sen-
sitive areas and examining the response of
the cladoceran assemblages (Paterson,
1985). The modern analogue approach was
employed 1o examine the relationship
between pH and subfossil chydorid assem-
blages in surficial sediment samples from 37
lakes and a core from each of 3 lakes in
Maine (Brakke st al., 1984). A positive rela-
tionship was observed between species
richness, diversity, and pH. Using a cluster
analysis technique, lakes with low pH
tended to cluster together on the basis of
their cladoceran community, as did high-
and low-altitude lakes. In the cores, chydorid
assemblages were analyzed and separation
of clusters suggested levels at which pH
change was likely to have occurred.

Cotten (1985) examined surficial sediment
samples for cladoceran remains trom 46 Fin-
nish lakes and recovered 71 taxa belonging to
9 families. The relationship between lake
parameters and cladoceran assemblages,
assessed using a multivariate ordination
technique, detrended correspondence ana-
lysis, revealed 5 lake types with distinctive
cladoceran communities. Nutrient condi-
tions, pH, and transparency were the chief
lake discriminators. Transfer functions were
developed to permit reconstruction of past
lake conditions based on cladoceran remains
recovered from lake sediments.
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The chydeorid Cladocera have been
described as a taxocene, displaying taxo-
nomic and ecological homogeneity (Deevey,
1969). Theoretical community ecology has
gained from several pioneering studies of
temporal variation in community structure of
the chydorid fossil taxocene. Goulden
(1966a.b, 1969a,b,c) defined three phasas of
development of the community: initially,
diversity increases as species immigrate
into a new habital, then species numbers
stabilize and equitability, or evenness,
increases. Finally, species number, or rich-
ness, may increase slightly as additional
rare species colonize the habitat. At this
point in development, the chydorid com-
munity appears to fit the Type | or broken-
stick model of MacArthur (1957), or any one
of several other related distributions (Bin-
tord ot al., 1983). A taxocene will approach
this condition gradually, as demonstrated for
a variety of organisms (Tsukada, 1967;
Goulden, 1969a; Deevey, 1969) in lakes
around the world. Perturbations in species
diversity or equitability may signal climatic
change (Goulden, 1966a), catastrophic nal-
ural disturbances such as nearby volcanic
eruptions (Tsukada, 1967), fire (Baas and
Boucherle, 1984), eutrophication (Bradbury
and Megard, 1972; Boucherle and Zullig,
1983; Brugam and Speziale, 1983;
Hotmann, 1986), agriculture (Goulden,
1966b), or other human disturbances. As a
CONBeGusncs of disturbance, one snanies
tends to become super-abundant and the
others rare. When the disturbance ceases,
the community readjusts and, depending
upon the severity of the perturbation, may or
may not return to the initial structure of the
community. Examination of the effects of
stress on the cladoceran community and
subsequent recovery, as preserved and inte-
grated in the sediments, may provide an
excellent environmental monitoring tool that
is only beginning to be refined.

Cladoceran remains have been used less
extensively than plants or beatles to address
bicgeographic problems. in part, this stems
from the long-held presumption of cos-
mopolitan distributions of most Cladocera.
As the endemism of each continental
faunule is recognized and documented, the
utility of the Cladocera in testing vicariance
theory or in examining colonization history is
greatly enhanced.

Investigation of colonization patterns and
timing of species invasions, governed by
glacial advances and retreats, might be
accomplished using cladoceran remains as
suggested by Frey (1986a). In a study of
cladoceran remains from a site on the
Queen Charlotte Islands, British Columbia
{Hann and Warner, 1987), a relatively high
proportion of remains were recovered which
represented unknown species, especially in
the oldest sediments. Attempts are on-going
to determine whether these unknown taxa
were colonists from a refugium in Alaska or

from the southern coastal regions, both
areas for which the modern Cladocera are
poorly studied.

Remains in the sediments may be used to
define past ranges of well-delimited species.
In particular, the presumed southward migra-
tion of northern taxa into southern United
States at the time of the last glaciations may
be detectable, or conversely, the northward
expansion of ranges of southern taxa (Frey,
1986a). However, the occurrence of north-
south sibling species pairs in several chydorid
species (Hann, 1982; Shan and Frey, 1983),
whose remains cannot be differentiated,
complicates this historical sedimentary
approach 1o colonization history.

In any paleoecological reconstruction,
one must deal with differential preservation
and distortions that may bias the interpreta-
tion. Deevey (1964) examined the fossiliza-
tion process for selected zooplankton, find-
ing thal Bosmina exuviae fossilize well, in
contrast to those of copepods which decom-
pose rapidly.

Typically, the Bosmina headshield: cara-
pace ratio is roughly equal to one, but can
become distorted in zones of secondary
deposition where breakage generally
increases (Vallentyne and Swabey, 1955).
No studies have systematically examined
headshield:carapace ratios in ¢chydorid
remains, ephippia:parthenogenetic cara-
pace ratios, nor other instances of marked
distortion in representation of exoskeletal
components. However, Deevey (1955)
reported changes in frequency of ephippia
of the overwhelmingly dominant Pleuroxus
hastirostris in Pyramid Valley, New Zealand,
perhaps in response t¢ environmental
stress. Goulden (1966a) concluded that
changing ratios of carapaces of partheno-
genetic femnales: ephippial females (of all
Cladocera considered together) reflected
response to fluctuations in water level.

Evidence has accrued suggesting that
exuviae from early instars of bosminids and
chydorids do not fossilize as well as those
from later instars (Kerfoot, 1974; Culver et af.,
1981; Frey and Hann, 1985). Methods which
take into account this selective preservation
of exuviae are being developed (Hann,
unpublished) prior to an attempt to estimate
biomass of various compenents of the taxo-
cene. Then it may be possible to evaluate
past productivity of cladoceran species, and
to correlate productivity of different trophic
levels, as first suggested by Frey (1960).

Changes in specios richness, diversity
and the planktonic/littoral ratio in the sedi-
mentary record are frequently used 10 assist
palecenvironmental reconstructions. In sed-
iment stratigraphies where rates of sedi-
mentation are relatively constant, diversity
measures are representative of community
structure. However, in recent sediment
sequences particularly, patterns in diversity
indices can be severely distorted by variable
sedimentation rates (Smol, 1981). Although
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parallel respenses in lakes to climate and
regional geology can be useful in deriving
empirical relationships (Duarte et a/., 1986),
differences among lake histories can be
indicative of unique events in a watershed or
in the lake itself, 8.g., meromixis. As mero-
mictic lakes often have annually laminated
sediments, they are especially useful in pa-
leoecological studies (Culver et al., 1981;
Smol and Boucherle, 1985).

Though Cladocera are useful in approach-
ing a diversity of major problems in Quater-
nary ecology, nevertheless, there are several
limitations that require refinement in their
application to Quaternary problems: (1) There
is a serious lack of ecological data for modern
species, particularly relating to tolerances to
physical, chemical and biotic parameters.
Until such information becomes available,
our ability to extrapolate from modern condi-
tions of existence of a species into past analo-
gous occurrence of the species is severely
limited. (2) There do not appear to be well-
defined “indicator” species in the Cladocera,
although this may change as we recognize
more and more species with clearly defined
ranges, a radical reversal of the previously
popular idea of globally distributed species
(Frey, 1982, 1986a). Discrepancies in the
literature regarding tolerance to various
environmental factors for a given species
may be coincidentally resolved. (3) Too little
is known about distribution of cladoceran
species genarally, so that if a species occurs
in small numbers in ihe (Ussil TéSord, we
cannot determine whether it is a rare spe-
cies that is nonetheless well-established in
the region, or if it is a broadly distributed
common species that is infrequent at this
locality because it is at the edge of its range.
Therefore, ranges need to be defined in
terms of relative abundance as well as
occurrence (presencef/absence).

Future Directions

Jo more fully realize the potential of
Cladocera microfossil communities in
Quaternary palececology, new approaches
until now applied primarily to pollen analysis
(Prentice, 1986) are necessary, particularly
in the area of data analysis and interpreta-
tion. Whiteside's {1970) use of muitiple dis-
criminant analysis proved useful in defining
axes upon which predetermined types of
lakes could be differentiated. Chydorid
assemblages could then be segregated into
parallel groups. Cluster analysis, in attempt-
ing to define the groups themselves, has
been used to distinguish pH-defined clus-
ters of chydorid assemblages (Brakke et a/.,
1984; Cotten, 1985; Paterson, 1985).
Boucherle (1982) used a stratigraphically
constrained clustering algorithm to delimit
cladoceran zones, akin o the standard pol-
len zonation. This method provides an
objective, quantitative approach to assess-
ing change in the microfossil assemblage
and merits further attention.
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The use of modern analogue communities
for comparison with microfossil assem-
blages must be expanded to encompass a
broader range of habitat types. For a given
region, if a catalogue of analogue commu-
nities are described from surficial sediment
samples, then transfer functions developed
using multiple discriminant analysis or
detrended correspondence analysis
(Gauch, 1982), can be used on down-core
microfossil assemblages to make infer-
ences regarding past environmental condi-
tions (Cotten, 1985).

The absence of clear-cut indicator species
of Cladocera has focussed attention on eval-
uating changes in the entire community.
However, individual taxa of Cladocera may
prove to be useful as pollution indicators.
Deformities have been documented in a
variety of chydorid species; in fact, some
species have heen described based on sin-
gle deformed specimens. Marphological
deformities in chironomids have been
shown to have great potential as a screening
technique for detection and assessment of
contaminants in aquatic ecosystems (War-
wick, 1985). The chydorids, too, may act as
sophisticated environmental sensors, per-
haps complementary to the chironomids, as
the sediment-asscciated chydorids could be
affected predominantly by sediment-bound
contaminants, in contrast to species assaci-
ated with the macrophytes or entirely free-
swimming that would be influenced more
strongly by contaminants in the water col-
umn. It particular contaminants could be
shown to cause specific types of deformities
or species-specific responses, the historical
incidence of envirgnmental contamination
could be traced using the chydorid micro-
fossil record.

Finally, preliminary attempts to examine
the population structure and survivorship of
certain species of Cladocera using micro-
fossils have been successful (Frey and
Hann, 1985). Detailed studies of such death
assemblages using a matrix approach
{Green, 1979) may permit estimation of life
history parameters in populations over long
periods of time.

Ultimately, the potential of cladoceran
microfossils lies in providing a long-term
record of response to environmental condi-
tions, both stable and changing. The gqualita-
tive and quantitative responses to distur-
bance, whether physical or biotic, can be
assessed and predictive models developed
and tested. Understanding the processes
that operated in the past will be the key to
predicting the impact of present-day forces
impinging on cladoceran populations in
aquatic ecosystems. The clearest com-
prehension of the processes will come
through a synthetic approach, integrating
data derived from a wide variety of plant and
animal fossil remains, and necessitating a
co-ordinated multi-disciplinary approach.

Acknowledgements

Part of this work was supported in part by
Natural Sciences and Engineering
Research Council of Canada grants. | thank
B.G. Warner, M.W. Binford, and M.C. White-
side for helpful criticism which greatly
improved the clarity of the manuscript.

References

Aaby, B., and Digerfeldt, G., 1986, Sampling
techniques for lakes and bogs. in Berglund,
B.E., ed., Handbook of Holocene Palago-
ecology and Palaechydrology: John Wiley and
Sons, New York, p. 181194,

Alhonen, P., 1970, On the significance of the
planktanic/littoral ratio in the cladoceran
stratigraphy of lake sediments: Commen-
1ationes Biologiae {Helsinki}, v. 35, p. 1-9.

Allison, T.D., Moeller, R.E., and Davis, M.B., 1986,
Pollen in laminated sediments provides
evidence for a Mid-Holocene forest pathogen
outbreak: Ecology, v. 67, p. 1101-1105.

Baas, D.S., and Boucherie, M.M., 1984, Changes
in Cladocera community structure and fossil
pigment stratigraphy as compared to the fire
history of Elk Lake, Clearwater Co., MN, USA:
internationale Vereinigung fir Limnologie,
Verhandlungen, v. 22, p. 1366-1371.

Bintord, M.W,, 1986, Ecological correlates of net
accumulation rates of Cladocera remains in
lake sediments: Hydrobiclogia, v. 143,
p. 123128.

Binford, M.W., Deevey, E.S., and Crisman, TL,,
1983, Palaeolimnology: an historical
perspective on lacustrine ecosystems: Annual
Review of Ecology and Systematics, v. 14,
p. 255-286.

Birks, H.J.B., 1986, Numerical zonation,
comparison and correlation of Quaternary
pollen-stratigraphical data, in Berglund, B.E,,
ed., Handbook of Holocene Palascecology and
Palaechydrology: John Wiley and Sons, New
York, p. 743-774.

Birks, H.H., Whiteside, M.C., Stark, D.M. and
Bright, R.C., 1976, Recent palaeolimnology of
three lakes in north-western Minnesota:
Quaternary Research, v. 6, p. 249-272.

Boucherle, M.M., 1982, An ecological history of Elk
Lake, Clearwater Co., Minnesocta, based on
Cladocera remains, Ph.D. Thesis, Indiana
University.

Bowucherle, M.M. and Zillig, H., 1983, Cladoceran
remains as evidence of change in trophic state
in three Swiss lakes: Hydrobiologia, v. 103,
p. 141148,

Boucherle, M.M., Smol, J.P., Oliver, T.C., Brown,
S.R. and McNeely, R., 1986, Limnologic
consequences of the decline in hemlock 4800
years ago in three Southern Ontario lakes:
Hydrobiologia, v. 143, p. 217-225.

Bradbury, J.P. and Megard, R.Q., 1972,
Stratigraphic record of pollution in Shagawa
Lake, northeastern Minnesota: Geological
Society of America, Bulletin, v. 85,
p. 2639-2645.

Bradbury, J.P. and Whiteside, M.C., 1980,
Palaeolimnology of two lakes in the Klutlan
Glacier region, Yukon Territory, Canada:
Quaternary Research, v. 14, p. 149-168.

Brakke, D.F., Davis, R.B. and Kenlan, K.H., 1984,
Acidification and changes over time in the
chydorid Cladocera assemblage of New
England lakes, in Hendrey, G.R., ed.. Early
Biotic Responses to Advancing Lake
Aciditication: Butterworth Publishers, Boston,
p. 85104,

Brooks, J.L., 1959, Cladocera, in Edmondson,
WT.. od., Freshwater Biology, Second Edition:
John Wiley, New York.

Brugam, R.B., 1978, Human disturbance and the
historical development of Linsiey Pond:
Ecology, v. 59, p. 19-36.

Brugam, R.B. and Speziale, B.J., 1983, Human
disturbance and the paleclimnological record
of change in the zooplankton community of
Lake Harriet, Minnesota: Ecology, v. 64.
p. 578-591.

Chengalath, R. and Hann, B.J., 1981a, Two new
species of Alona (Chydoridae, Cladocera) from
western Canada: Canadian Journal of Zoology,
v. 59, p. 377-389.

Chengalath, R. and Hann, B.J., 1981b, A new
species of Chydorus (Cladocera: Chydoridae)
from Ontario, Canada: American Microscopical
Society, Transactions, v. 100, p. 228-238.

Cotten, C.A., 1985, Cladoceran assemblages
rglated to lake conditions in eastern Finland,
PhD thesis, Indiana University, Bloomington.

Crisman, T.L., 1980, Chydorid cladeceran
assemblages from subtropical Flaridga, in
Kerfoot, W.C., ed., Evolution and Ecoclogy of
Zooplankton Communities: University Press of
New England, Hanover, p. 657-688.

Crisman, T.L. and Whitehead, D.R., 1978,
Palasolimnological studies on small New
England (U.S.A.) ponds. |l.Cladoceran
community responses to trophic oscillations:
Polskie Archiwum Hydrobialogie, v. 25,
p. 75-86.

Cutver, DA, Vaga, A.M., Munch, C.S. and Harris,
S.M., 1981, Palececology of Hall Lake,
Washington: a history of meromixis and
disturbance: Ecology, v. 62, p. 848-863.

Davis, M.8., Moeller, R.E. and Ford, J., 1984,
Sediment focusing and pollen influx, in
Haworth, E.Y. and Lund, J.W., eds.. Lake
sediments and environmental history:
Leicester University, p. 261-293.

Dearing, J.A., 1986, Core correlation and totat
sediment influx, in Berglund, B.E., ed.,
Handbook of Holocene Palaeoecology and
Palaechydrology: John Wiley and Sons, New
York, p. 247-270.

DeCosta, J.J., 1964, Latitudinal distribution of
chydorid Cladocera in the Mississippi Valley,
based on their remains in surficial lake
sediments: Investigations of Indiana Lakes
and Streams, v. 6, p. 65-101.

DeCosta, J.J., 1968, The history of the chydorid
(Cladocera) community of a small lake in the
Wind River Mountains, Wyoming, U.5.A:
Archiv fir Hydrobiologie, v. 64, p. 400-425.

Deavey, E.S., 1942, Studies on Connecticut lake
sediments. |Il. The biostratonomy of Linsley
Pand: American Journal of Science, v. 240,
p. 233-264, 313-324.

Deevey, E.S., 1955, Paleclimnology of the Upper
Swamp deposit, Pyramid Valley: Records of
the Canterbury Museum, v. §, p. 291-344.

Degvey, E.S., 1864, Preliminary account of
fossilization of zooplankton in Rogers Lake:
Internationale Vereinigung fiir Limnologie,
Verhandlungen, v. 15, p. 981-992.



Geoscience Canada Volume 16 Number 1

Desvey, E.S., 1969, Specific diversity in fossil
assemblages, in Diversily and stability in
ecological systems: Brookhaven Symposia in
Biology No. 22, Brookhaven National
Laboratory, Upton, New York, p. 224-241.

Duarte, C.M., Kalff, J. and Peters, R.H., 1986,
Patterns in biomass and cover of aquatic
macrophytes in lakes: Canadian Journal of
Fisheries and Aquatic Science, v. 43,
p. 1900-1908.

Fray, D.G., 1959, The taxonomic and phylogenetic
significance of the head pores of the
Chydoridae {Cladacera): Internationale Revue
der gesamien Hydrobiclogie, v. 44, p. 27-50.

Frey, D.G., 1960, The ecological significance of
cladocaran temains in lake sediments:
Ecology, v. 41, p. 684699,

Frey, D.G., 1962, Cladocera from the Eemian
Interglacial of Denmark: Journal of Palason-
tology, v. 36, p. 1133-1154,

Frey, D.G., 1964, Remains of animals in
Cluaternary lake and bog sediments and their
interpretation: Archiv fliir Hydrobiologie, Sup-
plementband, Ergabnisse der Limnologie, v. 2,
p. 1-116.

Frey, D.G., 1980, On the plurality of Chydorus
sphaericus (O.F. MGller) (Cladocera,
Chydoridae), and designation of a neotype
from Sjaelsy, Denmark: Hydrobiologia, v. 69,
p. 83123,

Fray, D.G., 1982, Questions concerning cosmo-
politanism in Cladocera: Archiv fir Hydro-
biologie, v. 93, p. 484-502.

Frey, D.G., 1986a, Tha non-cosmopolitanism of
chydorid Cladocera: implications for biogeog-
raphy and evolution, in Gore, R.H. and Heck,
K.L., eds., Crustacean Issues, v. 4, Crustacean
Biogeography: A.A. Balkema, Hotlerdam,
p. 237-256.

Frey, D.G., 1986b, Cladocera analysis, in
Berglund, B.E., ed., Handbook of Holocene
Palaeoecology and Palaeohydrology: John
Wiley and Sons, New York, p. 667-692.

Frey, D.G., 1987 The North American Chydorus
faviformis (Cladocera, Chydoridae) and the
honeycombed taxa of other continents: Royal
Society of London, Philosophical Trans-
actions, v. B315, p. 353-402.

Frey, D.G. and Hann, B.J., 1985, Growth in
Cladocera, in Wenner, A M., ed., Crustacean
Issues, v.2, Crustacean Growth: AA.
Balkema, Rotterdam, p. 315-335.

Gauch, H.G., Jr., 1982, Muitivariate Analysis in
Commumity Ecology: Cambridge University
Prass, Cambridge.

Goulden, C E., 1964, The history of the cladoceran
fauna of Esthwaite Water (England) and its
limnological significance: Archiv fir Hydro-
biologie, v. 60, p. 1-52.

Goulden, C.E., 1966a, La Aguada de Santa Ana
Vieja: an interpretative study of the cladoceran
microlossils: Archiv tir Hydrobiglogie, v. 62,
p. 373-404.

Goulden, C.E., 1966b, The animal microfossils, in
The history of Laguna de Petenxil, a small lake
in northern Guatemala: Connecticut Academy
of Arts and Science, Memoirs, v. 17, p. 1-126.

Goulden, C.E., 1969a, Developmental phases of
the biocoenosis: National Academy of
Science, Proceedings, v. 62, p. 1066-1073.

Goulden, C.E., 1969b, Temporal changes in
diversity, in Diversity and Stability in Ecological
Systems: Brookhaven Symposia in Biology No.
22, Brookhaven National Laboratory, Upton,
New York, p. 96-102.

Goulden, C.E., 1969¢, Interpretative studies of
cladoceran microfossils in lake sediments:
Internationale Verewmigung fir Limnologie,
Mitteilungen, v. 17, p. 43-55.

Goulden, C.E. and Frey, D.G., 1963, The
occurrence and significance of lateral head
pores in the genus Bosmina (Cladocera):
Internationale Revue der gesamten Hydro-
biclogie, v. 48, p. 513-522.

Green, R.H., 1979, Matrix population models
applied to living populations and death assem-
blages: American Journal of Science, v. 279,
p. 481,

Hakanson, L., 1977 The influence of wind, fetch
and water depth on the distribution of
sediments in Lake Vanern, Sweden: Canadian
Journal of Earth Science, v. 14, p. 397-412,

Hann, B.J., 1981, Occurrence and distribution of
littoral Chydoridae (Crustacea, Cladocera) in
Ontario, Canada and taxonomic notes on
some species: Canadian Journal of Zoology.
v. 59, p. 1465-1474.

Hann, B.J., 1982, Two new species of Eurycercus
{Builatifrons} from eastern North America
{Chydoridae, Ciadocera). Taxonomy,
ontogeny, and biology: Internationale Revue
der gesamten Hydrobiologie, v. 67, p. 585-610,

Hann, B.J. and Chengalath, R., 1981, Re-
description of Alonella puichefia Herrick, 1884
(Chydoridae, Cladocera), and a description of
the male: Crugtaceana, v. 41, p. 249-262.

Hann, B.J. and Karrow, PF., 1984, Pleistocene
palececology of the Don and Scarborough
Formations, Toronto, Canada, based on
cladoceran microfossils at the Don Valley
Brickyard: Boreas, v. 13, p. 377-301.

Hann, B.J. and Warner, B.G,, 1887, Late
Guaternary Giadocera irom coasiai Sriiish
Columbia, Canada: a record of climatic or
limnologic change?: Archiv fiir Hydrobiclogie,
v. 110, p. 161177,

Harmsworth, R.V., 1968, The developmental
history of Blelham Tarn {England) as shown by
animal microfossils, with spacial reference 1o
the Cladocera: Ecological Monographs, v. 38,
p. 223-241.

Hilton, J., 1985, A conceptual framework for
predicting the occurrence of sediment
focusing and sediment redistribution in small
lakes: Limnology and Oceanography, v. 30,
p. 11311143,

Hofmann, W., 1978, Analysis of animal microfossils
from the Grosser Segeberger See (FR.G.):
Archiv fir Hydrobiclogie, v. 82, p. 316-346.

Hotmann, W., 1986, Developmental history of the
Grbsser Ploner See and the Schohsee (north
Germany): cladoceran analysis, with special
reference to eutrophication: Archiv fir Hydro-
biclogie, Supplementband, v. 74, p. 259-287

Huttunen, P. and Merildinen, J., 1978, New
freezing device providing large, unmixed
sediment samples from lakes: Annaies
Botanici Fennici, v. 15, p. 128-130.

Kerfoot, W.C., 1974, Net accumulation rates and
the history of cladoceran communities:
Ecology, v. 55, p. 51-61.

Kerfoot, W.C_, 1881, Long-term replacemant cycles
in cladoceran communities: a history of
predation: Ecology, v. 62, p. 216-233.

Kitchell, J.A. and Kitchell, J.F., 1980, Size-selective
predation, light transmission, and oxygen
stratificalon: evidence from the recent
sediments ol manipulated lakes: Limnology
and Oceanography, v. 25, p. 389-402.

25

Livingstone, D.A., 1957 On the sigmoid growth
phase in the history of Linsley Pond: American
Journal of Science, v. 255, p. 364-373.

Livingstone, D.A., Bryan, K., Jr. and Leahy, R.G.,
1958, Effects of an arctic environment on the
origin and development of freshwater lakes:
Limnology and Oceanography, v. 3, p. 192-214,

Lioyd, M. and Ghelardi, R.J., 1964, A tabie for
calculating the “equitability” component of
species diversity: Journal of Animal Ecology,
v. 33, p. 217-225.

MacArthur, R.H., 1957, On the relative abundance
of bird species: National Academy of Science,
Proceedings, v. 43, p. 263-295.

Megard, R.O., 1964, Biostratigraphic history of
Dead Man Lake, Chuska Mountains, New
Mexica: Ecology, v. 45, p. 529-548,

Megard, R.O., 1967, Late-Quaternary Cladocera of
Lake Zeribar, western Iran: Ecology, v. 48,
p. 179-189.

Michael, R.G. and Frey, D.G., 1983, Assumed
amphi-Atlantic distribution ot Oxyurefia tenui-
caudis (Cladocera, Chydoridae) denied by a
new species from North America: Hydro-
biologia, v. 106, p. 3-35.

Michael, R.G. and Frey, D.G., 1984, Separaticn of
Disparaiona leei {Chien, 1970) in North
America from D. rostrata (Koch, 1841) in
Europe (Cladocera, Chydoridae): Hydro-
biologia, v. 114, p. §1-108.

Mueller, W.F., 1864, The distribution of cladoceran
remains in surficial sediments from three
northern Indiana lakes: Investigations of
Indiana Lakes and Streams, v. §, p. 1-63.

Nilssen, J.P., 1978, Selactive vertebrate and
invertebrate predaticn some paleciimnological
implications: Poiskie Archiwum Hydrobiclogie,
v. 25, p. 3U7-326.

Paterson, M.J., 1985, Paleolimnological recon-
struction of cladoceran response to presumed
acidification of four lakes in the Adirondack
Mountains (New York}), MA Thesis, Indiana
Umiversity, Bloomington,

Pennak, A.W., 1978, Freshwater Invertebrates of
the United States, Second Edition: John Wilay
and Sons, New York.

Prentice, 1.C., 1886, Multivariate methods for data
analysis, in Berglund, B.E., ed., Handbook of
Holocene Palaececology and Palaso-
hydrology: John Wiley and Sons, New York,
p. 775797

Quade, H.W., 1969, Cladoceran faunas associated
with aquatic macrophytes in some lakes in
northwestern Minnesota: Ecology, v. 50,
p. 1704179,

Renberg, 1., 1981, Improved methods for sampling,
photographing and varve-counting of varved
lake sediments: Boreas, v. 10, p. 255.258.

Shan, R.K. and Frey, D.G., 1983, Pleuroxus
denticulatus and P procurvus (Cladocera,
Chydoridae) in North America: distribution,
experimantal hybridization, and the possibility
of natural hybridization: Canadian Journal of
Zoology. v. 61, p. 16051617

Smol, J.P., 1981, Problems associated with the use
of “species diversity” in paleclimnological
studies: Quaternary Research, v. 15,
p. 200-212,

Smaol, J.P. and Boucherle, M.M., 1985, Postglacial
changes in algal and cladoceran assemblages
in Little Round Lake. Ontario: Archiv fir
Hydrobiologie, v. 103, p. 25-49,

Sreenivasa, B.A., 1973, Paleocecological studies of
Sunfish Lake and its environs, PhD Thesis,
University of Waterlog, Waterloo.



26

Synerholm, C.C.. 1979, The chydorid Cladocera
from surtace lake sediments in Minnesota and
North Dakota: Archiv fiir Hydrobiologie, v. 86,
p. 137451

Tsukada, M., 1967, Fossit Cladocera in Lake Nojiri
and ecological order: Quaternary Research
(Tokyo), v. 6, p. 101-110. [In Japanese]

vallentyne, J.R, and Swabey, ¥.5., 1955, A
reinvestigation of the history of Lower Linsley
pond, Connecticut: American Journal of
Science, v. 253, p. 313-340.

warner, B.G. and Hann, B.J., 1987, Aquatic
invertebrates as paleoclimatic indicators?:
Quaternary Research, v. 28, p. 427-430.

Warner, B.G.. Hebda, A.J. and Hann, B.J., 1984,
Postglacial paleoecological history of a cedar
swamp, Manitoulin Island, Ontario, Canada:
Palasogeography, Palasoctimatology and
Palasoacology, v. 45, p. 301-345.

Warwick, W.F., 1985, Morphological abnormalities
in Chironomidae (Diptera) larvae as measures
of toxic stress in freshwater ecosystems:
indexing antennal deformities in Chironomus
Meigen: Canadian Journal of Fisheries and
Aquatic Sciences, v. 42, p. 18811914,

Wabb, T., 1982, Temporal resolution in Holocene
pollen data: Third North Amaerican Paleon-
tological Convention, Proceedings, v. 2,
p. 569-571.

Whiteside, M.C.. 1970, Danish chydorid
Cladocera: modern ecology and core studies:
Ecological Monographs, v. 40, p. 79-118.

Whitesige, M.C., 1974, Chydorid (Cladocera)
ecology: seasonal patterns and abundance of
populations in Elk Lake, Minnaesota: Ecology,
v. 55, p. 538-550.

Whiteside, M.C., 1983, The mythical concept of
eutrophication: Hydrobiclogia, v. 103, p. 107111,

Whiteside, M.C. and Harmsworth, R.\V., 1967,
Species diversity in chydorid (Cladocera)
communities: Ecology. v. 48, p. 664-667

Whileside, M.C and Swindoll, M.R., 1988,
Guidelines and limitations to cladoceran
paleoecological interpretations; Palaeo-
geography, Palaeoclimatology, Palaececology.
v. 62, p. 405-412.

Whiteside, M.C., Williams, J.B. and White, C.P.,
1978, Seasonal abundance and pattern of
chydorid Cladocera in mud and vegetative
habitats: Ecology. v. 59, p. 1177-1188.

Wright, H.E., 1980, Cores of soft lake sedimants:
Boreas, v. 9, p. 07114,

Accepted, as revised, 8 November 1988.

MINERALIZATION ano SHEAR ZONES

GAC-Sponsored Short Course
May 13-14, 1989 Montreal, Quebec
Organizer: J.T. Bursnall

Shear zones are now recognized as an important environ-
ment for economically viable deposits of such mineral com-
modities as gold, silver, lead, tin, zinc, fluorite, copper, uranium
and platinum. The fluids precipitating these may be concentrated
in a variety of ways in shear zone rocks, but most commonly within
discrete veins and vein-like dilatant zones that may occupy a
systematic geometricat relationship to the zone. Such vein-
hosted mineralization can be structurally simple, consisting of a
single array of en echelon gashes, or extremely complex, being
comprised of numerous intersecting arrays of difterent mechan-
ical origin and developed at various stages during the system's
evolution: with increased ductility of the host rock veins become
less common and a disseminated style of mineralizat ion becomes
more important.

This two-day course will introduce the fundamental concepts
relating to (a) the mechanical and chemical processes in the crust
responsible for the development of different types of shear zone,
and (b) the distribution, source and mobility within the crust of
mineralizing fluids. These will be related in a study of mineraliza-
tion in the shear zone environment that will include a detailed
investigation of the structures within these zones and their pro-
gressive deveiopment, chemical and mineralogical changes asso-
ciated with shear zone development, sites of mineral precipitation,
vein evolution and vein textures, and a review of current dynamic,
kinematic and geochemical models for the localization of ore
minerals in shear zones. Finally, a number of case studies fromthe
Superior Province wilt be presented.

Contributors:

J.T. Bursnall (University of Toronto)

C. Jay Hodgson (Queen's University)

C. Hubert {Université de Montréal)

R.W. Kerrich (University of Saskatchewan)

J.B. Murphy (St. Francis Xavier)

H. Poulsen and F. Robert (Geological Survey of Canada)
E.T.C. Spooner and N.J. Callan {University of Toronto)

H.R. Williams, I. Osmani, M. Sanborn-Barrie and G.M. Stott
(Ontario Geological Survey)

The course registration fee is $250 (CDN) for professionals
and $150 (CDN) for students. The course willbe given on 13-14 May
in Montreat prior to the Geological Association of Canada —
Mineralogical Association of Canada Annual Meeting. For an
application form and further information, please contact:

Dr. J.T. Bursnall

370 F Montague Road

Sunderland, Massachusetts, USA 01375
Telephone: (413) 665-8515




