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LETTERS TO THE EDITOR
Aquatic Invertebrates as Paleoclimatic Indicators?

Representatives from almost every group
of freshwater invertebrates leave fossil re-
mains in Quaternary lacustrine and peat de-
posits. In recent years, mollusks, beetles,
ostracodes, Cladocera, and chironomids
have received the most attention in Quater-
nary ecology. Problems emerge, however,
when assessing their utility as paleocli-
matic indicators.

The paper by Walker and Mathewes
(1987) on fossil chironomids from coastal
British Columbia underscores some
problems with inferring paleoclimates from
freshwater invertebrates. In view of Walker
and Mathewes’ statement that their study
**should be of broad interest to Quaternary
scientists’’ (p. 90), we feel it is equally im-
portant to point out the limitations of using
chironomids, and freshwater invertebrates
in general, as paleoclimatic indicators. Un-
fortunately, freshwater invertebrates con-
tinue to be used in paleoclimatology de-
spite the cautionary concerns expressed by
others working with other groups of fresh-
water invertebrates (e.g., Crisman, 1978;
Ouellet, 1983; Hann and Warner, 1987). It
is not our intention to reinterpret the paleo-
ecology of Marion Lake, but we wish to
focus on three main issues raised by their
paper: (a) wide geographical distributions
and the value of selected taxa as climatic
indicators, (b) developmental changes in
catchments and their influence on the lim-
nological environment and invertebrate
community structure, and (c) the sensi-
tivity of freshwater invertebrates to re-
gional climatic changes.

In view of the similarity between the
late-glacial Heterotrissocladius fauna and
one of more northern affinities today,
Walker and Mathewes interpret ‘‘this simi-

larity as being paleoclimatically induced”
(p. 90), and they find it ‘‘compelling, there-
fore, to invoke climate as the principal
factor regulating occurrence of the Hetero-
trissocladius community”” (p. 98), and “‘we
believe climatic variations are necessary to
account for the early chironomid succes-
sion” (p. 99). In at least two other studies
of late-glacial chironomids from temperate
lakes in North America, Heterotrisso-
cladius is not reported (Sreenivasa, 1973;
Stark, 1976). One is led to ask if the Hetero-
trissocladius fauna was as widely distrib-
uted during late-glacial time as Walker and
Mathewes contend, and if a decline in a
late-glacial Heterotrissocladius fauna really
represents a simultaneous environmental
response across North America. It is prob-
ably premature to speculate on the ecolog-
ical and, indeed, on the paleoclimatological
significance of a Heterotrissocladius fauna
with so few detailed studies (from about six
sites) of late-glacial chironomid faunas in
North America.

Ecological inferences based on identifi-
cation to generic level only must of neces-
sity be of a general nature. As a conse-
quence of the overwhelming taxonomic dif-
ficulties with the Chironomidae (Crisman,
1978), it is often impossible to distinguish
among an ecologically diverse group of
species within a genus, therefore compli-
cating paleolimnological, and certainly pa-
leoclimatological, reconstructions. We
echo Delorme’s (1969, p. 1471) statement:
“‘the amount of paleoecological informa-
tion obtained by such interpretations is
proportional to the amount of ecological
data available on the particular organism or
faunal assemblage.”” It is this dearth of pre-
cise, species-specific ecological data that
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so severely constrains the utility of fresh-
water invertebrates in paleoecological in-
terpretations. Similarly, this brings into
question the significance of interpretations
based on faunal changes through time in
the percentage diagram drawn almost ex-
clusively using genera and species groups
(Walker and Mathewes, 1987, Fig. 5, p. 96).

The wide geographical distribution of the
‘‘cold-stenothermous’’ taxa (including
Heterotrissocladius), which occur at
shallow depths at higher latitudes and pre-
sumably altitudes and at profundal depths
at lower latitudes, suggests that regional
climates play little role in regulating their
distribution. Only if it can be shown that
individual taxa have narrow temperature
tolerances will they attain paleoclimato-
logical indicator value.

We prefer to regard this similarity be-
tween late-glacial and modern high-latitude
littoral faunas as a function of similar lake
trophic status, turbidity, and substrate
characteristics, especially organic content.
Several workers have demonstrated that
Heterotrissocladius spp. occur in ultra-
oligotrophic and oligotrophic conditions
(Sther, 1975; Warwick, 1975, 1980). In his
detailed investigation of the sedimentary
record in the Bay of Quinte, Lake Ontario,
Warwick (1975, 1980) showed that some
Heterotrissocladius spp. can readily tol-
erate turbid conditions that might occur in
pioneering situations with predominantly
mineral sediments (Warwick, 1980, p.
1218). It seems that a Heterotrissocladius
fauna reflects oligotrophy and unstable
conditions occasioned in pioneering envi-
ronments (i.e., high sedimentation, tur-
bidity, low nutrients, and low autoch-
thonous and allochthonous organic input),
regardless of climatic regime. Hofmann
{1971) and Brodin (1986) similarly associate
a Heterotrissocladius-dominated fauna
with nutrient-poor sediments, unstable en-
vironments, and rapid sediment accumu-
lation. Lawrenz (1975, in Frey, 1976;
Crisman, 1978) ascribed a late-glacial tran-
sition from a Heterotrissocladius/Tany-
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tarsus-dominated fauna to Phaenosectra as
due to a trophic change from oligotrophy to
mesotrophy as organic content of the pro-
fundal sediments increased and lake levels
dropped.

Walker and Mathewes list several studies
in which the late-glacial chironomid com-
munity was dominated by Heterotrisso-
cladius, after which the taxon virtually dis-
appears during the postglacial period. In
contrast, in their study of Marion Lake,
Heterotrissocladius constitutes approxi-
mately 10% or more of the fauna through-
out Holocene time to the present. A more
parsimonious explanation for the occur-
rence of the Heterotrissocladius-dominated
community during the late-glacial period is
its ability to thrive in unstable substrates
with low organic content, and in waters
with moderate turbidity. Although this
suite of conditions may commonly occur
during late-glacial periods, and may be as-
sociated with cooler climates, it is not nec-
essarily correlated only with cooler cli-
mates (as shown by Walker and Mathewes’
own study and especially by Warwick
(1980)).

Walker and Mathewes’ introductory
comments on chironomids as lake trophic
indicators should not be underestimated.
However, the system of lake typology
characterized by chironomids was devel-
oped for profundal faunas, and the fauna
reflects the ecological conditions of the
profundal, and not the trophic state of the
whole lake (Brinkhurst, 1974). Walker and
Mathewes do not differentiate profundal
and littoral forms, perhaps a major over-
sight in view of the purported importance
of water temperatures and chironomid dis-
tributions; water temperatures can vary
dramatically between the littoral and pro-
fundal parts of the lake. Perhaps, as in Hof-
mann’s (1979) paper, they do not include a
separate discussion on the paleoecology of
littoral species because so little is known
about their ecology and taxonomy.

Walker and Mathewes have demon-
strated that chironomids show responses to
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environmental changes during postglacial
time on the Pacific Northwest coast, but
we are not convinced that correlations with
pollen transfer functions support conclu-
sively that climate is the explanation, or
that chironomids can be regarded as a par-
ticularly useful group of freshwater inver-
tebrates for deciphering past climatic
changes. We would prefer to interpret the
faunal change, coincident with the pollen
change at about 10,000 yr B.P., as probably
reflecting a major change in allochthonous
organic matter and nutrient input to the
lake as a consequence of vegetation change
within the watershed that may have been
climatically directed. Therefore, the chir-
onomid community responded directly to
the limnological changes in their immediate
environment, the Marion Lake basin, and
indirectly to changes in the catchment.
Freshwater invertebrate communities are
several steps removed from direct climatic
influences; the aquatic environment acts as
a strong buffer, greatly ameliorating the im-
pact of climatic change.

Like most freshwater organisms used in
Quaternary ecology, much more informa-
tion is needed on the taxonomy, and on
both the neo- and paleoecology, of specific
taxa before they can be applied to problems
of paleoclimatology. There is a need to es-
tablish a relationship between water tem-
perature and lake trophic status, and water
temperature and species occurrence (pres-
ence/absence and relative biomass), as has
been attempted by George and Harris
(1985) using modern limnological data. An-
other example is shown by recent progress
with ostracodes. Forester (1983) and De-
lorme (1987) have established that fresh-
water ostracodes in North America are as-
sociated closely with salinity. The next
phase is to establish the links between
water salinity and climate before ostra-
codes can be used as paleoclimatic indi-
cators. Work with most of the other groups
of freshwater invertebrates in North
America has not progressed beyond this
point. Any paleoclimatic inference from
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freshwater invertebrates, albeit even quali-
tative estimates, may be premature, re-
sulting in misleading and sometimes erro-
neous reconstructions.

REFERENCES

Brinkhurst, R. O. (1974). “‘The Benthos of Lakes.”’
MacMillan, London.

Brodin, Y. W. (1986). The postglacial history of Lake
Flarken, Southern Sweden, interpreted from sub-
fossil insect remains. Internationale Revue der Ge-
samten Hydrobiologie 71, 371-432.

Crisman, T. L. (1978). Reconstruction of past lacus-
trine environments based on the remains of aquatic
invertebrates. In ‘‘Biology and Quaternary Envi-
ronments’’ (D. Walker and J. C. Guppy, Eds.), pp.
69--101. Australian Academy of Science, Canberra
City.

Delorme, L. D. (1969). Ostracodes as Quaternary pa-
leoecological indicators. Canadian Journal of Earth
Sciences 6, 1421-1476.

Delorme, L. D. (1987). Using freshwater ostracodes
in determining paleoclimate. In ‘‘Program, Ab-
stracts and News, Climatic Fluctuations and Man
2,” pp. 56-57. Canadian Committee on Climatic
Fluctuations and Man, Ottawa.

Forester, R. M. (1983). Relationship of two lacustrine
ostracode species to solute composition and sa-
linity: Implications for paleohydrochemistry. Ge-
ology 11, 435-438.

Frey, D. G. (1976). Interpretation of Quaternary pa-
leoecology from Cladocera and midges, and prog-
nosis regarding usability of other organisms. Cana-
dian Journal of Zoology 54, 2208-2226.

George, D. G., and Harris, G. P. (1985). The effect of
climate on long-term changes in the crustacean zoo-
plankton biomass of Lake Windermere, U.K. Na-
ture (London) 316, 536-539.

Hann, B. J.. and Warner, B. G. (1987). Late Quater-
nary Cladocera from coastal British Columbia,
Canada: A record of climatic or limnologic change?
Archiv fiir Hydrobiologie, 110, 161-177.

Hofmann, W. (1971). Die postglaziale Entwicklung der
Chironomiden- und Chaobhorus-Fauna (Dipt.) des
Schohsees. Archiv fiir Hydrobiologie, Supplement
40, 1-74.

Hofmann, W. (1979). Chironomid analysis. In *‘Pa-
laecohydrological Changes in the Temperate Zone in
the Last 15,000 Years. Subproject B. Lake and Mire
Environments,”” Vol. II, **Specific Methods™' (B. E.
Berglund, Ed.), pp. 259-270. International Geolog-
ical Correlation Programme, Project 158, Lund Uni-
versity, Lund.

Ouellet, M. (1983). Late glacial molluscs from the
Cooking Lake Moraine, Alberta, Canada: Discus-
sion. Canadian Journal of Earth Sciences 20,
1619-1920.

https://doi.org/10.1016/0033-5894(87)90009-3 Published online by Cambridge University Press


https://doi.org/10.1016/0033-5894(87)90009-3

430

Sxther, O. A. (1975). Nearctic chironomids as indi-
cators of lake typology. Verhandlungen der Inter-
nationale Vereinigung fiir Theoretische und Ange-
wandte Limnologie 19, 3127-3133.

Sreenivasa, B. A. (1973). ‘‘Paleoecological Studies of
Sunfish Lake and Its Environs.”” Unpublished
Ph.D. dissertation, University of Waterloo.

Stark, D. M. (1976). Paleolimnology of Elk Lake,
Itasca State Park, Northwestern Minnesota. Archiv
fiir Hydrobiologie, Supplement 50, 208~274.

Walker, 1. R., and Mathewes, R. W. (1987). Chirono-
midae (Diptera) and postglacial climate at Marion
Lake, British Columbia, Canada. Quaternary Re-
search 27, 89-102.

Warwick, W. F. (1975). The impact of man on the Bay
of Quinte, Lake Ontario, as shown by the subfossil
chironomid succession (Chironomidae, Diptera).
Verhandlungen der Internationale Vereinigung fiir

LETTERS TO THE EDITOR

Theoretische und Angewandte Limnologie 19,
3134-3141.

Warwick, W. E (1980). Palaeolimnology of the Bay of
Quinte, Lake Ontario: 2800 years of cultural influ-
ence. Canadian Bulletin of Fisheries and Aquatic
Sciences 206, 1-117.

BARRY G. WARNER

Department of Earth Sciences
and Quaternary Sciences Institute
University of Waterloo

Waterloo, Ontario, N2L 3Gl

BRENDA J. HANN

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

https://doi.org/10.1016/0033-5894(87)90009-3 Published online by Cambridge University Press


https://doi.org/10.1016/0033-5894(87)90009-3

