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Concentration of chlorinated hydrocarbon pesticides in invertebrate food chains is not
shown by results reported in the literature. It is proposed that habitat and mode of life rather
than trophic level are likely the most important ecological characteristics determining uptake
and final concentration of chlorinated hydrocarbon pesticides in aquatic invertebrates and
that the idea of “food chain concentration” or “‘trophic level effect” should be replaced by
the idea of “bioconcentration”.

1l n’est pas encore démontré au travers des nombreuses publications qu’il y a un rapport
chez les invertébrés entres niveau trophique et la concentration des pesticides en hydrocar-
bures chlorinés. Nous proposons que [’habitat et le mode devie plustot que le niveau trophique
est a la base de I'absorption et de la concentration finale des hydrocarbons chlorinés chez
les invertébrés aquatiques et que l'idée de “la concentration par niveau trophique’ ou “Ieffet
du niveau trophique” soit remplacée par I'idée de “bioconcentration”.

INTRODUCTION

A study of the fate of dieldrin in ecosystem components of a slough in central Alberta
revealed that the range of concentrations of the pesticide was similar in primary and secondary
consumer invertebrates over the duration of the study (Rosenberg, 1975; Table 22). The
results of similar studies (Meeks, 1968; Vaajakorpi and Salonen, 1973) revealed the same
lack of trophic level effect (Rosenberg, 1975; Table 21).

These results were surprising in view of the generalizations that have existed in the pesti-
cide literature over the last decade or longer regarding the inevitability of food chain concen-
tration of pesticides, especially chlorinated hydrocarbons. Thus, I undertook a literature sur-
vey to determine whether or not the results referred to above were atypical.

Because of the immensity of the literature dealing with the effects of pesticides on fauna,
the survey dealt almost entirely with the chlorinated hydrocarbons, supposedly the chief
offenders in food chain concentration, and mainly considered freshwater invertebrate com-
munities. However, I have given some consideration to pesticide uptake by fish and terrestrial
and marine invertebrate communities. In general, only those papers which contained a level
of identification sufficient to designate the trophic level to which the animal belonged were
used. Other papers are only briefly mentioned.

I have also limited the review to an analysis of the results of field studies and those labora-
tory studies which have allowed feeding to occur. The use of studies which have allowed
feeding is obviously necessary for a consideration of trophic level effects. Studies which have
not allowed feeding have already shown that aquatic invertebrates readily concentrate pesti-
cides from water (e.g. Johnson et al., 1971; Wilkes and Weiss, 1971 ; Derr and Zabik, 1972,
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1974). Also, the analysis of studies which have allowed normal trophic relations gives this
review a degree of comparability with the studies from which the generalizations about food
chain concentration of pesticides originated (e.g. see Rudd, 1964). Admittedly, this approach
introduces a degree of circumstantiality into the interpretation. However, in the absence of
experiments which quantify the relative contributions made by food and other factors (see
below) to the pesticide levels in aquatic invertebrates, I believe the approach is useful.

Variability of residue concentrations in field-collected samples analyzed by gas chromato-
graphy is well known (e.g. see Moriarty, 1972; Kenaga, 1972; Rosenberg, 1975, Table 17).
Therefore, 1 have considered differences in residue concentrations from primary to secondary
consumer trophic levels to be significant only when these differences are at least an order of
magnitude (10-fold).

Finally, I have found that studies of food chain concentrations of pesticides have the fol-
lowing shortcomings which make interpretation of the results difficult and which should be
identified at the outset of this review:

1. Changing food habits during a particular life stage and over the lifetime of an animal
are usually not considered. For example, different life stages of invertebrates are analyzed
simultaneously for pesticide residues. Because specific information on the extent of an
animal’s mode of feeding prior to residue analysis is usually unavailable, we assume that
its major mode of feeding is its only one.

2. Most studies do not correlate a predator with its actual prey. Rather, we assume that
of the animals designated as primary consumers some will be eaten by those designated
as secondary consumers.

3. The grouping of invertebrates into primary and secondary consumer trophic levels is
arbitrary (as are other classification systems of trophic relationships; see Cummins,
1973) and oversimplifies these relationships.

LITERATURE SURVEY

Despite the findings of Godsil and Johnson (1967) that a low concentration of endrin in
the lake of their study did not result in food chain concentration, the works of Hunt and
Bischoff (1960), Pillmore (in Rudd, 1964), Hunt (in Rudd, 1964), Bridges, Kallman, and
Andrews (1963), and Hickey, Keith, and Coon (1966), among others, have reported a trophic
level effect resulting from pesticide applications to aquatic ecosystems. Rudd (1964) has
discussed instances of trophic level effects in terrestrial ecosystems. However, in each of these
studies, invertebrates have been used as a single step in the food chain and usually they are
of a single species or are zooplankton. Other studies (Terriere et al., 1966; Keith, 1966; and
those reviewed and summarized in Table IV of Moore, 1967) which have also used aquatic
invertebrates as a single step, have presumably lumped a number of species of aquatic inver-
tebrates of different trophic levels. Of course, aquatic invertebrates have their own trophic
interrelationships (e.g. see Jones, 1949).

Hannon et al. (1970) separated the aquatic invertebrates of their study into three unlikely
groups: plankton-algae, crayfish, and aquatic insects (composed of midge larvae and Gyrinidae)
so no information on trophic distribution of the chlorinated hydrocarbons is available. Wood-
well, Wurster, and Isaacson’s (1967) study of the DDT residues in an east coast estuary gives
an extensive list of residue data for various species of invertebrates but, unfortunately, none
can be classed as secondary consumers. The same is true of the review and summary presented
in Table 12 of Edwards (1970) except for the 1964 United States Department of the Interior
study which gives a concentration factor for a crab that is the lowest for the entire study. None
of the aquatic invertebrates listed in Table 4 of Flickinger and King (1972) are predators except
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for the Notonectidae which have been combined with Corixidae under the heading “Aquatic
Hemiptera”. The range of dieldrin concentrations in the crayfish from Brazoria County in
Flickinger and King (1972) spans the concentrations given for all the aquatic invertebrates
in Table 4 (none detectable to 17.0 ppm). Also, no secondary consumers are present among
the terrestrial invertebrates in Table 10 of Edwards (1970) except for Davis and Harrison’s
(1966) work which will be considered below.

Moubry, Helm, and Myrdal (1968) reported similar DDT, DDT-metabolites, dieldrin, and
endrin levels in Gammarus sp., Limnephilus rhombicus (L.) larvae, and Sialis sp. larvae (Table
1). The last, of course, are predators. Dieldrin residues in some invertebrates exposed to a
dieldrin industrial effluent entering the Rocky River, South Carolina, are shown in Table 2
(Wallace and Brady, 1971). It can be seen that the predaceous hellgrammite larvae, Corydalis
cornuta, had lower levels than the filter-feeding blackfly (Simulium vittatum) and caddisfly
larvae (Hydropsyche sp.). Robinson et al. (1967) reported similar concentrations of DDE and
dieldrin in primary and secondary consumer marine invertebrates except in macrozooplankton
which they classed as a secondary consumer and which had extraordinarily high concentrations
(Table 3). Robinson et al.’s results are shown diagramatically in Fig. 3 of Edwards (1970).

The similarity in pesticide levels between trophic levels 2 (= primary consumer: 0.02 ppm)
and 3 (= secondary consumer: 0.03 ppm) is striking. Although Foehrenbach (1972, p. 622)
claimed higher dieldrin concentrations existed in invertebrates listed in Table III of his paper
than those of the shelifish listed in Table 11 *“. . . probably because the organisms in Table 111
are higher in the food chain. . .”” the range of concentrations is similar (Table II: O to 0.132
mg/kg; Table III: 0.004 to 0.236 mg/kg; the 0.236 value was for a non-predaceous grass shrimp).
Also, Table III contains invertebrates that are primary consumers. Naqvi and de la Cruz (1973)
analyzed mirex residues in a variety of aquatic, terrestrial, and estuarine invertebrates and
vertebrates in Mississippi. In order to calculate mean levels of mirex in herbivore, carnivore,
and omnivore trophic levels, the authors combined animals from pond, lake, creek, grassland,
and estuarine habitats and lumped invertebrate carnivores with vertebrate carnivores. The
mean residue levels presented for these three trophic levels (Table 2 of Naqvi and de la Cruz)
and the conclusions reached are, therefore, difficult to interpret. The authors implied food
chain concentration occurred even though the increase in mean residues for the three trophic
levels was not in the expected order (0.23, 0.30, and 0.35 ppm for herbivores, carnivores, and
omnivores respectively). Furthermore, these residue levels are virtually identical in view of

the precision possible for samples from the field analyzed by gas-liquid chromatography (see
Kenaga, 1972; Moriarty, 1972). However, it is possible to examine whether or not food chain
concentration has occurred by using the residue data given for species of aquatic invertebrates.
Only residue data for the simultaneous presence of the three trophic levels of aquatic inver-
tebrates is used (Table 4). It can be seen that residue levels in carnivores were highest in only
one of four locations, The number of replicates in this location was low for all three trophic
levels. Fish (Gambusia affinis and Lepomis cyanellus) from Bluff Lake had a mean mirex
residue of 0.19 ppm (range: 0.07-0.38 ppm; 3 replicates). Fish (same two species as above)
from a pond in the Louisville and Noxapater areas had a mean residue of 0.39 ppm (range:
0.17-1.00 ppm; 2 replicates) whereas a single mirex residue in an aquatic invertebrate herbi-
vore was 0.05 ppm and a mean mirex residue of 0.16 ppm (range: 0.07-0.26 ppm; 4 replicates)
was present in aquatic invertebrate carnivores in the same area. The single relatively low herbi-
vore residue value is difficult to interpret in view of the ranges of residues reported for aquatic
invertebrates in Nagvi and de la Cruz. Collins, Davis, and Markin (1973) reported similar mir-
ex residues in crayfish (range: 0.01 to 0.40 ppm) and dragonfly nymphs (<0.01 to 0.70
ppm).

Quaest. - Ent., 1975, 11 (1)
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Table 1. Chlorinated hydrocarbon pesticide residues in invertebrates of Moubry et al.’s (1968)

study.
Site Organism Residues (ppm)
DDE DDD DDT DDT & Dieldrin Endrin
Analogues
Control Limnephilus 0.014 0.009 0.010 0.033 0.002
rhombicus

North Branch  Sialis sp. 0.005 0.003 0.008 0.016 0.013 0.009
Gammarus sp. 0.010 0.007 0.012 0.029 0.003 0.025
L. rhombicus 0.006 0.007 0.011 0.024 0.002 0.003
Confluence Gammarus sp. 0.009 0.007 0.015 0.031 0.013 0.013

Table 2. Dieldrin residues in invertebrates of Wallace and Brady’s (1971) study*.

Organism Residue (ppm)+
Position in Relation to Effluent
Upstream Downstream
Simulium vittatum 0.24 16.2
Hydropsyche sp. 0.04 19.0
Corydalis cornuta 0.02 1.2

* Data is for the April 18, 1970 collection, the only date with residue levels for more than a
single trophic level.
+ Values shown are means of replicates and the two gas chromatographic columns used.

Table 3. Concentrations of organochlorine compounds in marine invertebrate samples taken
off the Northumberland Coast, 1965-1966 (adapted from Robinson et al., 1967).

Organism Consumer Concentration (ppm)

Trophic

Level Dieldrin pp' -DDE
microzooplankton 1 0.020 0.030
sea urchin (Echinus esculentis) 1 0.027 0.050
mussel (Myrilis edulis) 1 0.023 0.024
cockle (Cardium edule) 1 0.018 0.012
limpet (Patella vulgata) 1 0.009 0.003
macrozooplankton ( Crustacea) 2 0.16 0.16
lobster ( Homarus vulgaris) 2 0.024 0.024
shore crab (Carcinus maenas) 2 0.025 0.037
edible crab (Cancer poguras) 2 0.015 0.061
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Table 4. Mirex residues in aquatic invertebrates of Nagvi and de la Cruz’s (1973) study.

Locationt Residue (ppm)”
Trophic Level
Herbivore Carnivore Omnivore
Bluff Lake 0.13 0.47 0.06
(0.10-0.15) (0.15-0.78) (0.04-0.09)
2 2 3
Starkville Area, pond 0.13 0.45 0.45
(0-0.36) (0.09-1.92) (0-2.09)
3 6 10
Starkville Area, lake 0 0.24 1.33
(0.02-0.67)
1 3 1
Louisville and 1.01 0.10 0.41
Noxapater Areas, creek  (0.12-2.01) (0-0.23) (0.02-1.76)
3 7 6

+ All Mississippi.
* Mean value is followed by range in parentheses, and number of replicates.

Thus far, only the results of field studies have been discussed. Many laboratory studies
have been done on the uptake and accumulation of chlorinated hydrocarbon pesticides by
invertebrates but most of these have not allowed feeding. Only the model ecosystem studies
(Metcalf, Sangha, and Kapoor, 1971) attempt to duplicate a field situation. Of the many
model ecosystem studies consulted, only that of Sanborn and Yu (1973) has used more than
one trophic level of invertebrates. Concentrations of dieldrin were highest in the snail (Physa
sp. — 229.87 ppm), followed by alga (Oedogonium cardiacum — 14.96 ppm), fish (Gambusia
affinis — 12.29 ppm), Daphnia sp. (5.07 ppm), Elodea sp. (2.56 ppm), clam (Corbicula mani-
lensis — 2.03 ppm), and crab (Uca minax — 0.495 ppm). In fact, results of the model eco-
system. studies of Kapoor et al. (1972, 1973), using an alga (Oedogonium cardiacum) — snail
(Physa sp.) — mosquito (Culex pipiens quinquefasciatis) — fish (Gambusia affinis) food chain
do not follow the classical concept of food chain accumulation (Table 5).

Table 5. Concentrations of chlorinated hydrocarbons in food chain elements of Kapoor et
al. (1972, 1973) model ecosystem studies.

Reference Compound Concentration (ppm)*
Oedogonium Physe Culex Gambusia
1972 3H-Ethoxychlor 2.014 86.16 1.138 4.806
140 Methyichlor 5.525 101.000 1.002 0.684
1973 [3H] methoxy-methiochlor 0.074 3.61 1.19 0.15
{3H] methyFethoxychlor 38.84 10.83 0.74 0.24
114 chioro-methylehlor 3.38 31.80 22.94 2.88

* Concentrations are total values for each compound.

Quaest. Ent., 1975, 11 (1)



102 Rosenberg

There is some evidence that findings of an apparent lack of food chain concentration of
chlorinated hydrocarbons (and closely related pesticides) can be extended to fish occupying
primary and secondary consumer trophic levels. A number of relatively recent papers have
reported that fish do not exhibit food chain concentrations of chlorinated hydrocarbon
pesticides. Fredeen, Saha, and Royer (1971) found no difference in the concentration of
organochlorine residues in fishes at the end of the food chain (walleyes, saugers, and northern
pike) and those lower down (white and longnose suckers, northern redhorse, burbot, goldeye,
and yellow perch). Levels of DDT and DDD ranged from < 0.01 to 0.05 ppm, of DDE from
< 0.01 to 0.06 ppm, and of dieldrin from 0.002 to 0.006 ppm in fish from all trophic levels.
Morris and Johnson (1971) found concentrations of 1600 ppb dieldrin in channel catfish. Other
rough fish (buffalo, carp, and carp suckers) had concentrations ranging from 15 to 840 ppb
dieldrin while the pan and gamefish (largemouth bass, black and white crappie, black bullhead,
bluegill, walleye, and northern pike) had the lowest concentrations (11 to 175 ppb). This latter
group, of course, contains several “‘top predators’. Hughes and Lee (1973) concluded that ei-
ther a clear delineation of toxaphene levels was absent between prey and predator fish or prey
fish accumulated higher toxaphene concentrations than the predators (e.g. results from Fox
Lake, 6 months after stocking: bluegill and sucker: 9.4 to 10.6 ug/g; bass, northern pike, and
walleye: 2.2, 2.3, and 1.2 ug/g). The results of the study of Frank et al. (1974) remind us that
factors other than feeding habits are involved in the accumulation of chlorinated hydrocarbons
in fish. DDT and dieldrin levels in fish taken from a variety of locations in Ontario, Canada
tended to depend on fat content and weight (age) of the fish which, in turn, are related to
feeding habits. Risebrough and deLappe (1972) reported that polychlorinated biphenyl (PCB)
levels.on a fresh weight basis in Atlantic herring were an order of magnitude higher than levels
in cod although the latter occupies a higher trophic level. PCB concentrations were comparable
on a fat basis (Table 6). Risebrough and deLappe (1972, p. 43) concluded that ““the amounts
and kinds of lipids may affect the retention of PCB’s, modifying the trophic accumulation
predicted by the classical food chain concentration theory. Consistent with this hypothesis
are the higher PCB residues measured in extractable lipids of the North Atlantic plankton
than in the lipids of fish from the same area.”

Table 6. Levels of PCB in Atlantic herring and cod (from Risebrough and deLappe, 1972).

Locality Species PCB Concentration (ppm)
Fresh weight Extracted lipid
Nova Scotia Atlantic herring 0.32-0.54
cod 0.02
Baltic Sea Atlantic herring 0.27 6.8
cod 0.03 11.0

The number of adequate field studies on uptake of pesticides in different trophic levels
of terrestrial invertebrates is equally as low as for aquatic invertebrates. The residue values
presented by El Sayed, Graves, and Bonner (1967) show conflicting patterns probably be-
cause of a lack of collection consistency more than anything else. However, the studies of
Davis and Harrison (1966) and Davis (1968) have shown that *“. . . worms and slugs usually
contain higher amounts and a greater range of organochlorine compounds than beetles”
(Davis, 1968; p. 43 to 44). The beetles he referred to were mostly Carabidae as well as some
Staphylinidae and Elateridae. Carabidae and Staphylinidae are predatory. Korschgen (in
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Dustman and Stickel, 1969) reported similar levels of dieldrin in earthworms, crickets, and
carabids in a Missouri field which had had long-term aldrin applications. Gish (1970) analyzed
earthworms of the genera Allolobophora, Diplocardia, Helodrilus, and Lumbricus; white grubs
(Scarabaeidae larvae); slugs belonging to the genera Deroceras and Limax ; and unidentified
terrestrial snails. Unfortunately, he did not analyze any predators. Average concentrations

of chlorinated hydrocarbons were 0.6 ppm for the Scarabaeidae larvae, 3.5 ppm for snails
(shells included), 13.8 ppm in earthworms, and 89.0 ppm in slugs. Highest levels were 180
times the lowest levels, all for non-predatory forms. Gish (1970) credited the differences in
chlorinated hydrocarbon levels to dissimilar feeding habits. Table VII of the review paper by
Edwards and Thompson (1973) summarized the results of a large number of pesticide analyses
of earthworms, slugs, and beetles (mostly Carabidae). The results are summarized in Table 7.
It can be seen that the range of concentrations for the beetles never exceeds that of the earth-
worms and slugs, something expected of a trophic level effect.

Table 7. Range of concentrations of DDT and dieldrin in earthworms, slugs, and beetles in
Table VII of Edwards and Thompson (1973).

Invertebrate Group Range of Concentrations (ppm)
DDT Dieldrin
earthworms trace - 680.0 0.06 - 4.6
slugs 0-53 0.3-18.9
beetles 0.06-5.2 0.06-9.33

Kenaga (1972) has noted that chlorinated hydrocarbon pesticides best illustrate the mech-
anisms of bioconcentration of heavy metals and other environmental contaminants. Nonethe-
less, Moriarty (1972) stated that similar conclusions regarding the lack of a trophic level effect
have sometimes been reached for mercury and radionuclides. The literature on uptake and
accumulation of heavy metals (e.g- mercury and arsenic) is inconsistent on this point and a
review is outside the scope of this paper. By way of speculation, however, it would be sur-
prising if uptake and accumulation of trace and heavy metals by invertebrates was mainly
due to a trophic level effect.

Thus, it appears that of the studies which have adequately dealt with chlorinated hydro-
carbon pesticide residues in different trophic levels of aquatic or terrestrial invertebrates, a
trophic level effect or food chain concentration has not been adequately demonstrated. Yet,
unqualified generalizations about food chain concentration of pesticides keep appearing in
the literature (e.g. Moore, 1967, p. 113; Dimond, 1969, p. 2, 6; Wurster, 1969, p. 125; Wilkes
and Weiss, 1971, p. 223; Foehrenbach, 1972, p. 619, 622, 623, 624; Khan et al., 1973, p.
159, 166; Leland, Bruce, and Shimp, 1973, p. 833; Metcalf, 1973, p. 512).

In his review, Kenaga (1973, p. 80) concluded that “Maximum pesticide residues may
sometimes be accumulated by algae or by similar “first link’ organisms in the chain-of-life
organisms and do not necessarily result in increasing concentrations in each succeeding link
of the chain.” Moriarty (1972), in his review of the effects of pesticide residues on wildlife
has severely criticized the concept of food chain accumulation of pesticides and other toxic
chemicals. He concluded (p. 267): “It is unlikely that predators accumulate the insecticide
contained in their prey. All the evidence suggests that aquatic predators acquire their insect-
icide directly from the water, not from their food.” He questioned the validity of a trophic
level effect in any food chain. The results and discussion here would lend support to his

Quaest. Ent., 1975, 11 (1)
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contention.

Aquatic organisms acquire pesticides from their surroundings and through their food according
to Moore (1967), Chadwick and Brocksen (1969), Dustman and Stickel (1969), Macek (1969),
Edwards (1970), Cope (1971), Hamelink, Waybrant, and Ball (1971), Kawatski and Schmul-
bach (1971), Wilkes and Weiss (1971), Moriarty (1972), and Booth, Yu, and Hansen (1973).
To speak of a trophic level effect automatically assumes that food is the more important of
the two. It seems likely that habitat and mode of life rather than trophic level are the most
important ecological characteristics determining uptake and final concentration of chlorinated
hydrocarbon pesticides in aquatic invertebrates. For example, invertebrates leading a plank-
tonic existence usually accumulate the highest concentrations because they provide a lipid
source in the water column on which the hydrophobic chlorinated hydrocarbons can adsorb.
Once the chlorinated hydrocarbon pesticide has left the water and entered into an organic
reservoir it would then be available largely to those organisms associated with the particular
substrates for which the chemical has the greatest affinities (Macek, 1969). Invertebrates
occupying or contacting a substrate that is high in organic matter favoring partitioning of
non-polar pesticides will likely carry high concentrations of chlorinated hydrocarbons (Wallace
and Brady, 1971; Derr and Zabik, 1972; Frank et al., 1974). Thus the chemical would not
be equally available to all trophic levels in an aquatic community (Macek, 1969). The relatively
high concentrations of dieldrin in the Lymnaea stagnalis, Chironomidae, Glossiphoniidae, and
Libellulidae in Rosenberg (1975) can be explained in this way although other reasons must
be sought for the relatively high residues detected in invertebrates not associated primarily
with the bottom sediments. Nowhere is the influence of habitat on pesticide uptake better
illustrated than in fish. For example, Morris and Johnson (1971) found that bottom-dwelling
fish (channel catfish) contained much higher concentrations of dieldrin than non-bottom-
dwelling fish (largemouth bass and bluegill). It is not hard to imagine why terrestrial inverte-
brates such as earthworms and slugs which are constantly in contact with the soil — a poten-
tially large pesticide reservoir — can accumulate higher concentrations than an invertebrate
predator which may live in leaf litter and/or scurry around above the soil (e.g. Carabidae).

In terms of the influence mode of life has on pesticide uptake, bivalve molluscs such as
oysters, mussels, and marsh clams are well known for their abilities to accumulate high
concentrations of chlorinated hydrocarbons (e.g. see Butler, 1969; Khan et al., 1972; Bedford
and Zabik, 1973; Petrocelli, Hanks, and Anderson, 1973). Bivalves filter large volumes of
water and if the water contains chlorinated hydrocarbons and suspended organic particles to
which chlorinated hydrocarbons are adsorbed, the bivalves will contact large amounts of
pesticide. However, Bedford and Zabik (1973) have noted that, for mussels, other ecological
factors such as: (1) previous conditioning and insecticide residue burden of the mussel; (2)
food content and temperature of the water; (3) water quality (including the presence of chem-
ical pollutants and suspended sediment load); and (4) type of pesticide are all involved in the
final concentration achieved. Some evidence exists that several trace elements can be magnified
in passing from the food to the feces of marine primary consumers (Boothe and Knauer, 1972).
Contamination of coastal waters by trace and heavy metals apparently may be as widespread
as by pesticides and since fecal material is important to the trophic relationships of coastal
benthic communities, the concentrating mechanism may have a significant influence on levels
of trace and heavy metals in coprophagous and other members of detrital food webs (Boothe
and Knauer, 1972). There is every likelihood that similar processes occur among freshwater
invertebrates with chlorinated hydrocarbon pesticides. Dindal and Wurzinger (1971) using
the terrestrial snail Cepaea hortensis (Miiller), showed that highest DDT residues occurred in
the feces. They pointed out that since snails frequently re-ingest their own feces, the pesticide
can be recycled. Davis (1971) has further illustrated how habitat and mode of life affects
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uptake and accumulation of chorinated hydrocarbons in invertebrates in his consideration

of DDT and dieldrin dynamics in two species of earthworms (Lumbricus terrestris L. and
Allolobophora caliginosa Sav.). The main factors affecting uptake and accumulation of dieldrin
and DDT were: (1) different soil types — Organic matter content will influence the amount
of pesticide stored; soil moisture and pH will affect the physiological state of the earthworm
and hence its ingestion activity; (2) feeding habits of different species — A. caliginosa ingests
relatively more soil than L. terrestris and at a greater depth. L. terrestris is thus more likely

to accumulate residues remaining on the vegetation and soil surface. Unfortunately, a paucity
exists of this kind of precise habitat and mode of life information as related to pesticides in
freshwater invertebrates. It would be more profitable to attempt such studies rather than
doing interminable monitoring studies which are already over-abundant in the literature.

Hamelink et al. (1971) have proposed that exchange equilibria control the degree of ac-
cumulation of chlorinated hydrocarbons by organisms in lentic environments. This is supported
by the earlier findings of Reinert (1967) and Chadwick and Brocksen (1969) that the major
uptake of DDT by Daphnia and dieldrin by Cottus perplexus Gilbert and Evermann respective-
ly was from water and not food. (See also Edwards, 1970). Crosby and Tucker (1971) mini-
mized the importance of ingestion as a route by which Daphnia are exposed to suspended
chemicals. Derr and Zabik (1974) proposed an adsorption-diffusion mechanism was respon-
sible for the uptake and concentration of DDE by Chironomus tentans Fabricius. Macek
(1969) and Macek and Korn (1970) reported that brook trout accumulated 10 times more
DDT from food than from water in their laboratory studies using approximately 3 pptr. They
concluded that since a higher concentration of DDT exists in the food web than in water in
natural conditions that the food web is the major source of DDT contamination in fish.

Macek (1969) suggested that this was true of lower trophic levels (presumably invertebrates)

as well. Macek and Korn’s (1970) conclusion that more DDT is available from the food web
than from water is not only unsubstantiated by them but also ignores other non-food web
reservoirs of DDT in aquatic ecosystems (e.g. suspended organic matter and bottom sediments).
Moreover, Murphy (1971) has shown that the results of Macek and Korn (1970) were an arti-
fact of the size of the test fish used. Complexity of the relationship between feeding habits,

fat content, and age of fish is illustrated by the study of Frank et al. (1974).

Exchange equilibria would depend on a number of factors according to Hamelink et. al.
(1971): (1) original concentration of the pesticide in the water (see also Macek et al., 1972;
Derr and Zabik, 1972); (2) the water or fat solubility of the pesticide — an increase in water
solubility or decrease in fat solubility should reduce the degree of accumulation; (3) the fat
content of the animal (see also Morris and Johnson, 1971; Hughes and Lee, 1973; Frank et.
al., 1974); (4) the species sampled; (5) the time available for exchange (see also Chadwick
and Brocksen, 1969; Cope, 1971; Johnson et. al., 1971; Wilkes and Weiss, 1971 ; Morris and
Johnson, 1971; Derr and Zabik, 1972); and (6) habitat — persistent pesticides would be tied up
in various reservoirs (e.g. algae, bottom sediments of high organic matter content) in a eutrophic
lake moreso than in an oligotrophic one and thus be less available for accumulation. Size
(body weight and surface to volume ratio) of the organism would also be involved (Morris
and Johnson, 1971; Murphy, 1971; Kenaga, 1973; Frank et al., 1974). Moriarty (1972) has
criticized Hamelink et al.’s (1971) model as being too simplistic and has quite rightly pointed
out that it is not the final explanation to the observed phenomena. Nevertheless, in my view,
it has been an important contribution.

Other factors, not all of which can be named here, influence the accumulation of pesticide
residues by aquatic invertebrates!. Kenaga (1972, p. 195) has emphasized that the phenomenon

1. For example, see Derr and Zabik’s (1974) remarks about the possible role of the epicuticular
lipid layer in invertebrates. Also see Wallace and Brady (1971) for possiblity of seasonal effects.
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is hard to define because of the ‘“many variable inputs, interpretations, and lack of definition
in the literature.” In tryiﬁg to explain the lack of consistent food chain buildup in their study,
Robinson et al. (1967) wrote of the possibility of a differential ability of vertebrates and
invertebrates to metabolize and excrete the pesticide. Pharmacokinetics greatly influence the
pesticide levels in organisms (Moore, 1967; Stickel, 1968; Chadwick and Brocksen, 1969;
Dustman and Stickel, 1969; Moriarty, 1969, 1972; Edwards, 1970; Cope, 1971 ; Hamelink

et al., 1971; Kawatski and Schmulbach, 1971; and Wilkes and Weiss, 1971). Some pesticide
accumulation undoubtedly results from ingestion (Kenaga, 1973). Physical and chemical
properties of the pesticides, in addition to solubility and partitioning coefficients already dis-
cussed, are involved (see Kenaga, 1972, 1973). Finally, extrinsic factors must affect pesticide
levels in aquatic invertebrates: (1) varying concentrations (e.g. see Chadwick and Brocksen,
1969; Hamelink et al., 1971; Wilkes and Weiss, 1971); and (2) whether exposure is acute or
chronic (e.g. see Moore, 1967, Stickel, 1968; Chadwick and Brocksen, 1969; Moriarty, 1969;
Edwards, 1970; Johnson et al., 1971).

It is important to realize that a literature survey which shows an apparent absence of a
trophic level effect in invertebrate communities is only indirect evidence that food chain up-
take is not as important as other ecological factors in determining the concentrations of pest-
icides in invertebrates. Determination of the relative, quantitative contributions made by the
factors discussed above to the pesticide levels achieved in invertebrates depends on carefully
controlled experimentation and is a critical research need in the study of pesticide-fauna in-
teractions. Until such research is done, and perhaps even after, we should not be using the
terms “food chain concentration’ or “trophic level effect”. Rather, we should talk of “bio-
concentration” which Kenaga (1973, p. 75) has defined as “the amount of a pesticide residue
accumulated by an organism by adsorption, and by absorption via oral or other route of entry,
which results in an increased concentration of the pesticide by the organisms or specific tissues.”

SUMMARY AND CONCLUSIONS

1. Concentrations of chlorinated hydrocarbon pesticides in aquatic invertebrates as reported
in the literature do not reveal a trophic level effect.

2. Uptake and accumulation of chlorinated hydrocarbon pesticides in aquatic invertebrates
is more likely a function of habitat, mode of life, and exchange equilibria than food but
is also affected by size of the organism, pharmacokinetics, physical and chemical proper-
ties of the pesticides, and various extrinsic factors.

3. Until adequate research is done, the relative contributions of the factors listed above to
pesticide levels in invertebrates will remain unknown.

4. The idea of ““food chain concentration” or “trophic level effect” is inaccurate and should
be replaced by the more accurate idea denoted by the term “bioconcentration”.
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