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ABSTRACT

Sufficient dieldrin was applied in Ju]y,41967, to a slough in
central Alberta to give a concentration of approximately one part per
bi]lion in water. Dieldrin levéls in mud, water, vegetation, and
invertebrates were monitored by gas chromatography until fall, 1968.
Residues were undetectable in mud, water, and vegetation by the spring
of 1968 but persisted at very lbw Jevels in non-transient invertebrate
populations throughout the remainder of the study. Results indicate
that no food chain magnification of the pesticide occurred within any
of the non-transient invertebrate groups.

The treatment slough as well as a control slough were intensively
sampled for littoral macroinvertebrates for 18 months before and 18
months after pesticide application to determine whether or not the
dieldrin affected macroinvertebrate diversity. Special attention was
given to immature Chironomidae. A diversity index derived from
informationvtheory was used to monitor possible changes in diversity
induced by pesticides. However, no changes in diversity could be

detected.
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1. INTRODUCTION

'""The community concept is one bf the most important principles
in ecological thought and in ecological practice' (0Odum, 1959; p.246).
Community studies typically take either an energy or structure
approach (Wilhm and Dorris, 1966). With regard to the latter,
Hairston (1959, p. 404) states: 'The prevalent conviction among
ecologists .that natural communities represent important and meaning-
ful assemblages of organisms has prompted a diverse series of analyses
[which] have been used to approach the subject from several more or
less distinct points of view--function; location and biotic compos i-
tion!". Hairston continues to say that the last of these, biotic
(= species) composition, has been used as aﬁ approéch to the analysis
of community structure for a number of years and that e]ements of

this approach include 'species frequency, species per unit area, the

spatial distribution of species, and the numerical abundance of species'!.

| have chosen the last of these as my approach to characterizing the
effects of a single application of a low concentration of dieldrin}
on part of a slough macroinvertebrate community. In this context,
“"The concept of diversity is particularly important because it is

commonly considered an attribute of a natural or organized community..."

! pieldrin is herein used to refer to a material containing not less
than 85% 1,2,3,4,10,10-hexachloro-exo-6,7-epoxy-1,4,4a,5,6,7,8,8a-
octahydro-1,k4-endo, exo-5,8-dimethanonaphthalene (Martin, 1961).



(McIntosh, 1967; p. 392).

'Species diversity, applied to an ecosystem, can simply mean the
number of species found there, or it can refer to a more complex
measure whiqh>takes into account the reﬁpective numbers of individ-
vals..." (Lioyd, Zar, and Karr, 1968b; p. 257). In deference to the
valid criticism of Hurlbert (1971), | define diversity as: the number
of species and the distribution of individuals among the species
(Mcintosh, 1967; p. 393) and use Cdum's (1959, p. 281) term "diversity
index" to refer to some measure that accounts for the ratio between
the number of species and the number of individuals.

Many measures of species diversity have been proposed (see Hairston,
1959; Patten, 1962; Whittaker, 1965; Southwood, 1966; Wilhm and Dorris,
19663 Wilhm, 1967, 1972; Lloyd et al., 1968b; Cancela da Fonseca, 1969;
and Morris, 1971; for reviews). Among these, a count of the number .
of species present is simplest. However, speciés counts depend on
sample size and tell us nothing about species abundance (Preston, 1962;
MacArthur, 1965; Sheldon, 1968; Kohn, 1971; ;nd Cameron, 1972). Hurlbert
(1971) has probably overemphasized the confusion resulting from the use
of the term "'species diversity' as meaning just a list of species versus
species and individuals. Some authors have tried to establish theoreti-
cal relations between species and individuals (Fisher, Corbet, and
Williams, 1943; Preston, 1948; and Margalef, 1958). With reference to
such indices, Margalef (1958, p. 50) states that they "have the draw-
back of attempting to adjust a natural distribution to a simple mathema-
tical expression of a more or less arbitrary form, and this does not
"always work'. Diversity indices derived from information theory solve

this problem by dealing with the information content of a community



(Margalef, 1958). How this is achieved has been variously stated and
re-stated in the literature. For example, see Margalef's original
wofk, Margalef (1958), Hairston (1959), MacArthur and MacArthur (1961),
Patten (1962), MacArthur (1965), Pielou (1966 a, b, c, d), Wilhm and
Dorris (1966), Lloyd et al. (1968b), McCloskey (1970), Wilhm (1970b),
Cairns and Dickson (1971), and Cameron (1972). One of the clearest
statements is by Pielou (1966d, p. 463): ''Diversity is thus equated
with the aﬁount of uncertainty that exists regarding the species of
an individual selected at random from a population. The more species
there are and the more nearly even their representation, the greater
the uncertainty and hence the greater the di =rsity. Information
content, which is a measure of uncertainty, s therefore a reasonable
measure of diversity'.

Diversity indices derived from information theory incorporate
several parametérs of community structure into one expression. Erman
and Helm (1971, p. 241) state: 'Objective analysis of large amounts
of quantitative data is a primary requirement of invertebrate communi ty
studies". The advantages of being able to include vast amounts of data
on species abundances and the numbers of individuals in each species
into a'single, quantitafive expression are obvious. Equally obvious,
however, are the drawbacks. Interpretation of a single expression which
includes several parameters is difficult. If the relative influences
of these parameters were known, interpretation wou]d»be easier (Sager
and Hasler, 1969). To this end, some authors have added a comparison
of the diversity of a sample with thé diversity of some hypothetical
sample (for example, Patten's, 1962, 'redundancy'; and Lloyd and

Gehlardi's, 1964, and Pielou's, 1966c, ''equitability'). Examples of the



use of the'concepts‘of redundancy and equitability can be found in Wilhm
and Dorris (1966), Withm (1967), Tramer (1969), and Kricher (1972).

Several other theoretical and practical strengths and weaknesses
characterize diversity indices derived from information theory; Among
the weaknesses are:

1. The indices are insensitive to biological detail (Patten, 1962).
One species can replace another and, providing it is there in the same
proportion.as the first, no change will result in the index. (For that
matter, two entirely different féunas can theoretically give the same
diversity value. This, however, can be an advantage as will be discussed
below). Also, theoretically, shifts in ratios of species already present
could give the same index value. However, Patten (1962) points out that
if details are required traditional methods can be used to supply them.
The concurrent use of a life history approach, for example, would be
invaluable in studies of species diversity.

2. The indices are relatively insensitive to rare species (Sager
and Hasler, 1969). Hurlbert (1971) has severely criticized the state-
ment and at the same time, answered it. The fndex merely describes the
distribution of numbers and kinds within the community examined and is "
not meant to assess the relative importance (that is, ecological
function?) of any of the species it includes. It is a fundamental
character of thé index that the presence of many individuals distributed
among few species will result in a lower index value. Such distribu-
tions mask the information generated by the few individuals of rare
species and this shows in the value of the index. To claim, then, that
the index does not reflect the influence of rare species is correct but,

at the same time, this function should not be claimed for it. Because



the index is dimensionless (see below) it can be re-defined (for example,
Lioyd, 1964, used reproductive value; Wilhm, 1968, 1970c, used biomass;
Dickman, 1968, used relative productivity; and Watt, 1971, used volume
and primary productivity) and its use adjusted so that the presence of
individuals of rare species has more influence, if so desired.

s
3. When using the Shannon-Weaver form H' = 2: pi log P,
=1 !

i
...where p; is the proportion of the ith species in the population
(Pielou, 1966c), it is necessary to make assumptions of randomness or
some other arrénéement (Hairston, 1959). Sampling of non-randomly
distributed animals influences the values of the diversity index. Un-
certainty in predicting the next‘species encountered is influenced by
patchy spatial distributions and limited vagilities (Lloyd et al., 1968b).
This is circumvented by the use of Brillouin's form (Pielou, 1966a; and
Reiners, Worley, and Lawrence, 1971) (see below).

4. Contrary to the claims of some authors, the Shannon-Weaver
formula and its estimator are not independent of sémple size until a
certain size of sample is reached. Wilhm (1970a,b) showed that the
diversity of individual samples is highly variable and that more than
one. sample should be taken and the samples pooled. Levelling off of
the diversity curve Qith progressive pooling of samples is due to bal-
ancing of the increase of diversity due to new species added with the
decrease in diversity because common species already present are added
more rapidly than rare species already present (Wilhm, 1970a). See
Pielou (1966¢c), Lloyd, Inger,and King (1968a), Sager and Hasler (1969),
Wilhm (1970a), Mclintire and Overton (1971), Kohn (1971), and Kochsiek,

Wilhm, and Morrison (1971) for examples of pooling of samples.



However, diversity indices derived from information theory have
many advantages. That they do not attempt an explanation of observed
phenomena and that they summarize vast amounts of information about
species abundances have been mentioned above (see also Hairston, 1959;
Patten, 1962; Mathis, 1968; and Wilhm, 1968) and in this regard, Patten
(1962, p. 60) states that '‘they allow direct studies of communities at
the community level'. Also:

1. The only data required are recognizable.taxa. Specific
determinations are not essential (Wilhm and Dorris, 1966; and Wilhm,
1968, 1970c). This is important in diversity studies of freshwaters
because in the absence of extensive rearing programs, most identifica-
tions of aquatic .insects are above the species -level.

2. The index is dimensionless (Wilhm, 1967, 1970a, b). Work in
any units can be used (see above) as long as the units are kept con-
sistent. Thus, samples taken by a variety of different equipment and
methods can be used in the calculation of the index. Therefore, it
becomes possible ''to make objective comparisons of community structure
between different [communities]...in different parts of the world"
(Mathis, 1968; p. 172. See also Wilhm, 1970b).

Two related information theory formulae are currently in use
(Cameron, 1972). According to Pielou (1966a, b, c), when all the
members of a collection can be identified and counted, its diversity is

best given by Brillouin's formula:

H=1 log NI

1
N Ny TN, T LN




where: ) H = diversity
N = total number of individuals
s = the number of species,

(See also Janéen and Schoener, 1968; Poulson and Culver, 1969; McClosky,
1970; Morris, 1971; and Cameron, 1972). However, since | do not

regard the collection '"as an entity to be studied fof its own sake'!

but do regard it '"as a representative sample from some much larger
parent popﬁlation whose diversity is to be estimated' (Pielou, 1966b;

p. 371) and since the index has to be independent of sample size because
of my change in biological sampling methods, and H is not, (see Pielou,

1966a, p. 167 point iii; and 1966b, p. 373), | have used the estimator

formula:
> [N N
HY = ED.—__log e |—
i=I\N N
(notation as above and add: H'" = diversity; and N; = the number of

individuals in the ith species) according to the second interpretation
given by both Pielou (1966d) and Wilhm (1968). (See also Wilhm and
Dorris, 1966; Wilhm, 1967, 1970a, b, c; Lloyd et al., 1968a, Mathis,
1968; Mathis and Dorris, 1968; Janzen and Schoener, 1968; Tramer, 1969;
Watt, 1971; and Kohn, 1971).

Indices derived from information theory have been used extensively
and effectively for studying the consequences of various kinds of water
pollution on the diversity of aquatic invertebrates (Wilhm and Dorris,
1965, 1966; Wilhm, 1967, 1972; Mathis and Dorris, 1968; Storrs et al.,
1968; Bechtel and Copeland, 1970; and Ewing and Dorris, 1970) but not

in commuhity studies dealing with the effects of pesticides on the



diversity of freshwater invertebrates (for example, lotic studies--
lde, 1957; Bridges and Andrews, 1961; Hynes and Williams, 1962; Moye
and Luckmann, 1964; Hitchcock, 1965; Kreis and Johnson, 1968; Hatfield,
1969; and Fredeen, 1972; for example, lentic studies=--Cushing and 0live,
1957; Grzenda, Lauer, and Nicholson, 1962; Jones and Moyle, 1963; |
Kiser, Donaldson, and Olson, 1963; Edwards et al., 196k4; Harp and
Campbell, 196k4; Hilsenhoff, 1965; Anderson, 1970; Hurlbert et al., 1970;
Kennedy ané Walsh, 1970; Kennedy, Eller, and Walsh, 1970; Way et al.,
.1971; and Wojtalik, Hall, and Hill, 1971). There is a noticeable absence
of pesticide studies in the review by Wilhm (1972). Diversity indices
are not used in terrestrial studies (for example, Sheals, 1955; Menhinick,
1962; Patterson, 1966; Moye, Stannard, and Luckman, 1966; Fox, 1967;
Edwards, Dennis, and Empson, 1967; and Edwards, Thompson, and Beynon,
1968; Davis, 1968; Burnett, 1968; Way and Scopes, 1968; and Malone,
1969) with the exception of Barrett (1968) who used Margalef's (1958)
formula S-1 to measure changes in ''species-numbers diversity" as a
resul t o;ngevin (a carbamate insecticide) application.

The freshwater studies cited above share other features as well:

1. They usually deal with relatively high concentrafions of
pesticides.

2. Dieldrin is not used.

3. The invertebrates have not been analyzed for residue levels.
(Unfortunately, studies of the effects of pesticides on the diversity
of freshwater invertebrates are quite separate from studies which are
done to give residue data).

With the advent of more sensitive anaiytical techniques (Moore,

1967; Edwards, 1970; Chesters and Konrad, 1971; Cope, 1971; and



Muirhead-Thomson, 1971) and the creation of national pesticide surveil-
lance programs {Breidenbach and Lichtenberg, 1963; Stickel, 1968; Edwards,
1970; and thesters and Konrad, 1971) residues have been detected in
water in concentrations of tens of parts per bilfion and less (Breiden-
bach and Lichtenberg, 1963; Tarzwell, 1965; Westlake and Gunther, 1966;
Edwards, 1970; Chesters and Konrad, 1971; Muirhead-Thomson, 1971). oOf
‘these residues, dieldrin is widespread and common.(Buescher, Dougherty,
and Skrinde, 1964; Green, Gunneérson, and Lichtenberg, 1967; Moore; 1967;
Stickel, 1968; Edwards, 1970; and Chesters and Konrad, 1971). In fact,
it was being widely used for crop protection at the start of this study.

Because of its widespread and common occu;rence in freshwater eco-
systems, and because its persisténce was advantageous to a study which
used a single application, dieldrin was chosen as.the pesticide of this
stud?.

The numerous sloughs dotting the Edmonton area hake these import-

ant habitats for a variety of flora and fauna. Furthermere, sloughs

. located on farmland are likely to receive runoff containing pesticides

(see Westlake and Gunther, 1966; and Van Middelem, 1966) and, because
of their relatively small size, sloughs make community studies more
manageable in a practical sense.

Unfortunately, the literature on the effects of pesticides on fauna
is fraught with generalities. There exists a feeling that the use of‘
pesticides automatically implies an effect on diversity. For example,
Moore (1967) states: "In general, however, pesticides are applied to
complex ecosystems and so it can be assumed that they normally cause a
‘decrease in diversity" (p. 111); and '"In general, pesticides reduce

diversity...' (p. 113); and "It can be concluded that in general
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pesticides are more likely to reduce species diversity in aquatic eco-
systems than terrestrial ones' (p. 114); and "...it is clear from this
work [Menhinick, 1962] that effects on diversity, population density,
and biomass can vary between trophic levels' (p. 114); and finally,
"Pesticides usually reduce diversity and since they have differential
effects on taxa at different trophic levels they may affect production"
(p. 125). The need to determine the levels of pesticide in fauna that
will cause diversity changes is obvious. Several authors discuss this
point but only indirectly (for example, see Tarzwell, 1965, p. 212;
Moore, 1967; Stickel, 1968). However, Menzie (1972, p. 216) stated:
'"We have only scratched the surface in understanding the significance
and the effectg of low levels of pesticides'. Imp]iéit'to such a study
and subsidiary to it is a part of the energy approach to community
studies mentioned previously, namefy, trophic level effects (that is,
the concentration of pesticides along food chains). These concentra-
tions are a well-known result of pesticide use (for example, Hunt and
Bischoff, 1960; Pfllmore, in Rudd, 1964, Bridges, Kallman, and Andrews,
1963; Hickey, Keith, and Coon, 1966; see also reviews by Moore, 1967;
Newsom, 1967; Stickel, 1968; Edwards, 1970; and Cope, 1971) but the
study of these solely in invertebrates has been neglected.

This studys, then, was undertaken in an attempt to describe the
effects of a low concentration of dieldrin on the diversity of slough
macroinvertebrates and to relate the dieldrin concentrations in macro-
invertebrates of different trophic levels to possible changes in

diversity.



I, DESCRIPTION OF STUDY AREAS

Béth sfoughs are located in the parkland area of central Alberta
in the County of Strathcona approximately 14.5 km (nine miles) south-
east of the city of Edmonton and iﬁ an area of mixed farming. The
treatment slough (hereinafter called ') and the control s ltough
(hereinafter called '"C') are at 113° 22! 08" W, 53° 25' 27" N and
approximately 738.1 m; and 113° 20' 27" W, 53° 24' 23" N and approx-
imately 744.2 m respectively. The surrounding terrain has folling
moraines and kettlehole sloughs. Bayrock and Hughes (1962) described
the‘geology of the area and Bowser et al. (1962) the soils. Both
sloughs have an area of approximately one hectare.

D slough is in Twp. 51, Range 23, Sect. 19, in the northeast
corner of the northeast quarter of the section. The land to the west
and the south was being used as a hayfield. However, because the
sloughrlies in a depression encircled by trees a]ohg the west, south-
west and most of the south, and is passed by roads along the east and
north sides, only the southeastern-most end of the s lough--where there
were no trees to block entrance from the adjoining field--was access-
ible to haying. That end was usually too wet to approach with a
tractor. For size, shape and depth contours of B slough as taken at‘
the start of the study and just prior to dieldrin application see
Figs. 1 and 2.

Murky white and yellow patches, sometimes colored green by algae,

appeared usually in the deepest parts of D slough at the height of the

1
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summer. These areas in D were usually devoid of higher vegetation and

| could see in them water mites and specimens of Diaptomus-and
Chaoborus. There was a strong smell of HpS in water taken from these
areas and oxygen concentrations were lower than at the same depths

in sﬁrrounding water. For example, on August 10, 1967, oxygen con-
centrations were 0.55 mg/1 in the murky area and 4.07 mg/1 in the
surrounding water. These areas were quite likely caused by colorless
sulfur bacteria (see Reid, 1961, p. 194-195; and Ruttner, 1963, p. 147).

Algal blooms occurred during the period May to October in D slough
over the three years of the study. In 1966 and 1967 the main blooms
occurred during July and August and were over by September. However, in
1968 the main blooms occurred during June and July with a minor bloom
(mainly Oscillatoria sp.) in August. Again, the blooms were finished
. by September. Names of algae identified are given in Table 1.

The main submergent vegetation of D slough was the hornwort
(Ceratophyllum demersum L.). 1t was dispersed faifly evenly throughout
the slough. Sago pondweed - (Potamogeton pectinatus L.) was present in
1967. |t became more common in 1968 especially in the northwest quarter
of the slough. lvy-leaved duckweed (Lemna trisulca L.) was the dominant
species of floating vegetation and lesser duckweed (L. minor L.) was
also present. The emergent vegetation was composed of stands of common
cattail (Typha latifolia L.), great bulrush (Scirpus validus Vahl) and
mare's tail (Hippuris vulgaris L.) which were discontinuously distributed
around the periphery of the slough and faded shoreward into the sedges
(carex rostrata Stokes, C. aquatilis Wahlenb., and C. atherodes Spreng.)
and Kentucky blue grass (Poa pratensis L.) which in turp continued

from the water-land transition onto the land. Among the sedges and
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Table 1. Algae present in C and D sloughs
Date Type of Sample ldentifications

(1967) |

C SLOUGH

June 19 plankton net tow Anabaena spiroides Klebahn;
Aphanizomenon flos-aquae (L.)

Ralfs.

June 27 bloom collection Aphanizomenon flos-aquae;
Mougeotia Ssp.

D SLOUGH

May 23 plankton net tow Closterium sp.; Cocconeis Sp.;
Cosmarium sp.; Cymbella sSp.;
Fragilaria sp.; Gomphonema Sp.;
Lyngbya sp.; Navicula sp.;
Nodularia sp.; Oscillatoria sp.;
Sphaerella lacustris (Girod.)

Wittrock;

Spirogyra sp.; Stigeoclonium sp.;
Synedra sp.

June 7 bloom collection Aphanocapsa sp.; Cymbella sp.;

Fragilaria sp.; Gomphonema sp.;
Navicula Sp.; Nodularia sp.;
Oscillatoria sp.; Phacus sp.;
Pinnularia Sp.; Rhabdoderma sp.;

Scenedesmus sp.; Trochiscia sp.
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Table 1. (Continued)
Date Type of Sample Identifications
(1967)
June 29 bloom collection Closterium sp.; Cymbella sp.;
Fragilaria sp.; Mougeotia sp.;
" Navicula sp.; Pediastrum abtusum
Lucks.
July 7 bloom collection Aphanocapsa sp.; Closterium sp.;

Cylindrospermum sp.; Cymbella sp.;

Euglena sp.; Fragilaria sp.;

Merismopedia sp.; Microcystis sp.;

Microspora sp.; Nodularia sp.;

Oscillatoria sp.; Pediastrum
tetras (Ehrenb.) Ralfs;

Phacus sp.; Rhahdoderma sp.;

Scenedesmus sp.; Staurastrum sp.
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grass along the shore were moss, Drepanocladius aduncus (Hedw.) Warnst.,
and liverwort, Rhicciocarpus natans (L.) Corda. The sedges and grass,
and over a very short dry zone the composites and mint, gave way to
shrub wnllow bush poplar, raspberry, chokecherry, Saskatocon, and
snowberry which blended into a stand of mixed poplar (80:20 Populus
balsamifera L.:P. tremuloides Michx.) surrounding the slough on the top
of a steep rise on the northwest, west, and.south sides. Also, there
was a single poplar patch centrally located on the north side.of the
slough. The typical hydrarch succession has been altered where the
roads pass the slough on the north and east sides, where there are no
trees. Instead, especially on the north side and also extending into
the northwest area, a disturbed roadside ditch succession composed
mainly of composite weeds (for exampie, Aster sp., Rumex sp., and
Cirsium>sp.) extended from the road and met the hydrarch succession
from the slough. The farmer had not disturbed the study site so a
natural.succession was evident.

C slough is in Twp. 51, Range 23, Sect. 16, centrally located
along the west side of the northwest quarter of the section with a road
rdnning adjacent to the west side. The slough was in a pasture for
dairy cattle and was accessible to the cattle. For size, shape,and'
depth contours of C slough at the start of the study see Fig. 3.

Areas in C slough similar to those described in D indicated the
presence of colorless sulfur bacteria. -

Phytoplankton blooms were not as extensive or prolonged as in D
slough but occurred at similar times.. The phytoplankton flora of C
slough was considerably simpler than in D as can be seen in Table 1.

Ceratophyllum demersum was the dominant species of submergent
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vegetation and initially was distributed peripherally leaving the
deepest, central portion free of submergent vegetation. In 1967 and
1968 Potamogeton pectinatus became very common in the western part of
the slough. As it began drying up in late summer 1967 and continued
through the 1968 field season (May-October) the C. demersum eventually
covered the previously bare central part of the slough. ILemna trisulca
was the dominant floating plant. L. minor was also present. Succes-
sion like that of D slough had been interrupted by the proximity of
cultivated fields and consequently C slough had fewer typical emergent
slough plants and more grasses. The few bunches of Typha latifolia
present in 1966 were gone by the end of the study. Hippuris vulgaris
was present throughout the study but in low numbers. Carex rostrata
was the single sedge species present. The other member of the sedge
family present was the creeping spike-rush (Eleocharis palustris [L.]).
Three species of grasses were present: Calamagrostis canadensis
(Michx.) Beauv., Glyceria grandis S. Wats., and Scolochloa festucacea
(Willdf) Link., A simiiar shrub willow-poplar succession to D slough
existed at the start of the study. A grove of mixed poplar (Populus
tremuloides being more abundant than P. balsamifera) existed around
the northeast, east, and south sides of the slough and a smaller grove
on the northwest, adjacent to the road. The Salix-Populus was removed
halfway through the sfudy (July 27, 1967). Only the grove.on the
northwest was left standing. By the end of the study, the grasses were
replacing the sedge zone and the slough was drying from the margins
inward. The climax vegetation having been removed, the original com-
position of the vegetatioﬁ was being altered more to a plains type of

climax than a forest type.



Winter observations are presented in Appendix 1l.
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b1, METHODS

A: Surveying and hydrography

D'and C sloughs were surveyed, sounded, and mapped (Welch, 1948).
The depth measurements were then divided into four classes: 30.5 cm
to 58.4 cm; 59.4 cm to 88.9 cm; 89.9 cm to 119.4 cm; and 120.4 cm

plus; and the depth contours for each slough drawn. (See Figs. 1-3).

B: Physical and chemical measurements

1. Water level. Indicators were placed in each slough. Levels
were recorded at each sampling date and the indicators moved to suit-
able positions if the sloughs dried around them.

In winter, measurements of ice thickness and distance be-
tween ice and mud were taken using the sounding pole mentioned above.

2. Temperatures. Vertical temperature profiles were takenjin
each slough using a Yellow Springs Instrument Co. Inc. (Yellow Springs,
Ohio) single channel Tele-thermometer with a -17°C to 48°C dial and a
stainless steel Tele-thermometer probe. The probe end of the probe
cord was tied to the bottom of the sounding pole and thus the depth
at which each‘temperature was taken could be measured accurately.

To record the maximum and minimum sur%ace water temperature
between sampling dates (usually weekly in 1966 and 1967 and every two
weeks in 1968), a Taylor Sixes - type maximum-minimum thermometer was
attached to the north level poles in each slough, below the water

surface. As well as noting the maximum and minimum temperatures on each

18
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sampling date, surface temperature readings were taken near each level
pole with a Weston Model 2261 stainless steel bimetallic thermometer
usually in the period 1000 to 1400 hours. Also, temperatures of water
and mud were taken through the ice in winter using the Yellow Springs
Tele-thermometer together with the sounding pole.

3. Light penetration. Visibility was measured with a Secchi disc.

L, Turbidity. The Model DR-EL Direct Reading Engineer's Labora-
tory Hach Kit (Hach Chemical Co.; Ames, lowa) was used to measure
turbidity.

5. Vater chemistry.

a) Dissolved oxygen. The Winkler iodometric method (American
Public Health Association, 1960) was used to determine oxygen concentra-
tions. Vertical oxygen profiles were taken approximately monthly,
usually in the early afternoon. Temperature reédings were taken along
with each water sample by using the Téle-thermometer and sounding pole
as described above. In the winter, holes were chopped in the ice and
water samples and temperatures taken, as described for the open water
period, from the water which filled the hole.

b) Dissolved solids and other dissolved gases. The Hach Kit
was used to measure hardness, alkalinity, pH, carbon dioxide, ortho-
phosphate, sulphate, nitrite and nitrate nitrogen, iron, manganese,
silica, chlorine and chloride, chromate, copper, and fluoride.

Surface water was sampled for determinations of turbidity,
dissolved gases other than oxygen, and dissolved solids. Analyses were
done while in the boat on the slough.

6. Effects of tree removal on C sldugh. Water levels, turbidities,

temperatures, and nutrients were compared for pre- and post-tree removal
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periods in C slough to determine the effects of tree removal on C slough.

An unpaired "t'"-test was used for some of these comparisons.
P

C: Biological sampling

The program was designed to include samples from the three main
areas of standing waters: littoral, limnetic, and benthic (Reid, 1961) ;
and initially attempts were made to keep the sampling completely random.
However, inadequacies of this plan led me to start a stratified random
sampling plan (Southwood, 1966) part way through the second field season.
Two different sets of sampling equipment were used at all times to pre-
vent cross-contamination of the two sloughs. Limnetic and benthic
samples are not considered here.

The littoral area was sampled in two ways: a standard length sweep
with a dip net (hereinafter called 'dip net sample") and a known volume
removed from an area confined by a bottomless garbage can (hereinafter
called ''garbage can sample'. See Kajak, 1971, for the principle of this
kind of sample). The garbage can samples were taken between the dip net
samples and the shore and usually within the emergent vegetation. The
dip net'samples were taken nearer to the limnetic area at the open water-
emergent'vegetation interface. The mouth of the dip net was a loop
33 cm wide by 38 cm long onto which was sewn netting with an aperture
size of 0.9 mn (8.5 meshes/cm). Using the handle of the net, the bottom
of the area to be sampled was stirred to activate the fauna and the net
was swept approximately 107 cm laterally just above the bottom. The
sample was fixed in 5% formalin.

A 43.2 cm top diameter, 36.8 cm bottom diameter, and 72.4 cm tall

garbage can with the bottom cut out was used to take the garbage can



samples. The garbage can was put down over the area to be sampled, the
bottom stirred with the dip net handle to activate the animals, énd 10
one liter samples were removed at random within the garbage can and
poured through a kitchen strainer which had a mesh aperture size of
approximately 0.9 mm. The sample was then fixed in 5% formalin.

Samples were hand-sorted in the laboratory. All the animals from
one sample were placed in the same vial in 70% ethyl alcohol. Those
samples which had very high numbers of animals measuring 2 to 4 mm long
were sometimes sub-sampled. After having sorted the main sample to re-
move the larger animals, the substrate containing the reméining anima]s
was dispersed evenly in the enamel pan and spoonfuls taken at random |
. removed until a known volume of substrate had been collected. All the
animals 2 mm and longer were removed from the subsample and preserved
in a vial in 70% ethyl alcohol. All samples (originals and subsamples)
were resorted two or three times to ensure that all animals of suitable
size had been removed. The volume of the original sample was measured
and, knowing it and that of the subsample, a correction factor was
applied as required to the taxonomic group under consideration:

CORRECTION FACTOR = VOLUME OF ORIGINAL SAMPLE + VOLUME OF SUBSAMPLE .
VOLUME OF SUBSAMPLE

The final number of individuals per taxon was obtained by multiply-
ing the number of individuals in the subsample by the correction factor
and adding this figure to the one already obtained for the original
sample. Because of the mesh size of thé original equipment (that is,
.the dip net and the strainer used in taking garbage can samples),
because o% the difficulty in quantitatively removing very small animals

from a sample by hand sorting, and because of the difficulties

27
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associated with the identifiﬁation of early instars, specimens less than
2 mm leng were disregarded. Examinations‘of these disregarded animals
revealed that all Ostracoda species except Megalocypris alba and Cypris
pubera and the water mite genus Arrenurus were the only taxa being sel-
ectively ignoréd for the analyses of diversity.

Four emergence traps per slough were used to collect emerging adult
insects for taxonomic purposes. The traps were set along a transect.
two over emergent vegetation in the littoral areas on each side of the
slough and two in the limnetic area and periodically the traps were
moved to a new transect. Emergence traps cannot be considered quanti-
tative unless they are fixed into the substrate thus enclosing a known
volume and not allowing migration in and out. The ones used were simi-
lar to those pictured in Edwards et al. (1964). The insects were asp-
irated through the top of the traﬁ. This was done from the boat while
the trap was left in the water.

Initially, samples were taken weekly and five consecutive dip net
and garbage can samples were taken at 10 or 20 m fnterva]s in the 11t~
toral area on one side of the slough. Normally. the same porfion of
side was not used for both kinds of sample and the same portion of side
wés never used for the same kind of sample for two consecutive weeks.

On June 27, 1967 a new sampling program was' instituted and used
until the end of the study in the fall of 1968. The hydrographic map
of each siough (Figs. 1 and 3) was divided int§ quarters oﬁ approximately
north-south and ecast-west axes. The quarters represented equal lengths
of shoreline but not necessarily equal areas of open water. Each
quarter of shoreline was divided into quarters and each of these

quarters into thirds with the intention that one of the three thirds



would be Qhere a dip net or garbage can sample would be taken on a
sampling date. The third to be sampled was chosen randbm]y. The
quarter in which to starf, the border of the quarter (right or left),
and the direction to go (clockwise or counterclockwise) were also
chosen randomly. After having chosen the thirds to use, their ind-
ividual positions in relation to the grid were listed using the
hydrographic maps of each slough so each position could be found in
the field. This new plan increased the numbers of dip net and gar-
bage can samples to 16 each. To offset the increase, the length of
the standard dip net swéep and the volume of garbage can sample were
halved. The method of taking the two types of littoral sample, the
areas from which they were taken, and their sorting remained the same.
As the sloughs dried the shorelines changed. Thus, the littoral
samples were taken as closely as possible to the intended location.

Any differences were recorded.

D: ldentification of taxa

With the initial sorting, all the animals from one sample (or sub-

sample) were in the same container. Secondary sorting consisted of
sorting the animals from the container into easily recognized groups
and placing all the individuals‘of one group into a shell vial in 70%
ethyl alcohol. ‘The numbers of littoral samples (garbage can and dip
net) included in the secondary sorting were reduced by using a random
selection scheme. Final sorting consisted of identifying the individ-
uals within each shell vial to the iowest ranking taxon possible
(usually genus) and recording the numbers of each.

Most specimens were identified in 70% ethyl alcohol using a stereo-

binocular microscope. A full description of any special methods used in
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the identification of individuals of a particular group is given along
with the discussion of the groups in Appendix IV,

Because of the large numbers of individuals, attempts were made to
identify most of them from external features and with the least sample
preparation possible.

Wherever possible, adults from the emergence traps were used for
specific identifications. Specific identifications for the insect
immatures were not possible.

Several groups of invertebrates had to be omitted from the anal-
yses of diversity because of constraints in time, becausé’of technical
problems in.}dentification and quantitation, and because of their rel-
ative scarcity in the stoughs throughout the study. Nevertheless, |
tried to identify the main taxonomic components of most of these ex-

cluded groups to provide qualitative information (see Appendix 1V).

E: Dieldrin application

To estimate the volume of water in D slough, it was re-surveyed
and re-mapped using the original procedufe two days before dieldrin
application. The same fouf depth classes were used and, from the formu-
la in Welch (1948), the volume was calculated to be approximately 2.4 x
106 1iters. Allowing for the 0 to 30.5 cm depth class which was im-
possible to delimit in the field and hence quantify, a figure of
4.0 x 108 1 iters was used.

Since it was my intention to study the effects of low level
dieldrin contamination on diversity of slough invertebrates, and to
ensure that mass kills of fauna did not occur, | consulted the litera-
ture to get an idea of the range of dieldrin LCSO'S for some species

of susceptible mosquito larvae (Hedeen, 1963; Burton, 1964; Flynn,
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1964; Klassen, Keppler, and Kitzmiller, 13964; Mulla, 1964; Keppler,
1965; Johnsen, 1967; and Lofgren, Scanlon, and Israngura, 1967) and

conducted LC experiments according to the YWorld Health Organization

50
(1963) method on Chironomidae larvae and Corixidae‘cdllected from D
slough. The results of the tests on the Chironomidae larvae were
unusable and those on the Corixidae gave an LC50 of between 0.00085
and 0.0085 ppm dieldrin, closer to the first. Thus, | decided to -
apply an amount of dieldrin that would yield a final concentration
" in the water of the stough of 0.001 ppm (1 ppb), a level below that
of my LCgg experiment and well below the LCgp's reported for mosf
susceptible species of mosquito larvae.

The dieldrin used (Shell Canada Ltd.) was an emulsifiable
concentrate with an average concentration of 0.177 x 106 ppm (see
Appendix 1). The amount required to yield a concentration of 1.ppb

in b x 106

liters of water was calculated to be 22.7 ml,

Three approximately equal volumes of emulsifiable concentrate
(7.23, 7.76, and 7.73 ml) were added to separate 600 ml jars which
were then filled with distilled water and taken to D slough.

To apply the pesticide a new 13.7 liter Universal compressed air
sprayer (Leigh Products Inc., Universal Mstal Products Div.; Sarnac,
Mich.) was used. It required 17 pumpings every five minutes to ensure
that its entire contents would be delivered at an even rate. Also by
way of calibration, the 4.2 m boat used coculd be rowed over the entire
slough in the patterns shown in Fig. 2, and in approximately the same
time as it took for the sprayer to empty, at a rowing rate of 17 strokes
per three minutes. Three successive applications of the pesticidé

were made. For each, the emulsifiable concentrate from one of the

600 ml  jars was added to approximately 13.7 liter of water in the
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sprayer and while the boat was in motion the nozzle of the sprayer was
moved in a zig-zag fashion about five cm below the water surface. The
boat was rowed north to south in the first two applications and east
to west in the last. The application pattern (Fig. 2) was intended

to ensure even application of the pesticide. Also, because the slough
was shallow its water would usually be thoroughly mixed by the wind.

It rained heavily during application of the pesticide,

F: Sampling program for gas chromatography

Eleven sets of dieldrin analyses were done on mud, water, vegeta-
tion, and invertebrates: once before application; eight times after
application durihg the open-water period (at approximately monthly
intervals after application until September, 1967, from May to Sept-
ember, 1968, and in June, 1969);