



















































































































































































































































































The orthoclad Heterotrissocladius oliveri (Fig. 3) is usually the dominant chironomid in deep
waters of the Laurentian Great Lakes (Saether 1975). It is reported to build a vertical tube and
feed on algae and other particles at the sediment surface (Moore 1979). Abundances of this
species were low but similar at station 1 in 1973 and 2009 (Table 1), which suggests that it too
had recovered by 1973.

In the soft mud at station 1, larvae of the chironomid genus Chironomus (Fig. 3) are likely to
build U-shaped tubes to depths of several centimeters (Charbonneau and Hare 1998) and the
species Chironomus cucini feeds mainly on anoxic sediment (Isabelle Proulx, INRS-ETE,
unpublished data). Since densities were similar at station 1 in 1973 and 2009 (Table 1) the
population would appear to have recovered within 23 years of the oil spill. Since our finqings
suggest that only ~2.5 cm of uncontaminated sediment had been deposited by 1973, recovery of
C. cucini by this year suggests that they are able to limit their burrowing and feeding to this zone.
In contrast, the high incidence of deformities reported for this species in 1973 and 1974 (Hare

and Carter 1976) suggests that larvae were not entirely successful at avoiding contaminants.

Tubificid oligochaetes (Fig. 3) are reported to construct vertical burrows in soft sediments
and to consume deep sediments in a head-down position (Leynen et al. 1999). Likewise, the
dominant genera at station 1 in Parry Sound Harbor (llyodrilus, Limnodrilus, Rhyacodrilus, et
Tubifex; Hare et Carter 1977) are reported to consume deep anoxic sediment (Davis 1974). The
fact that the mean values reported for 1973 were consistently lower than those we measured in
2009 (Table 1) suggests that populations of these deep burrowing and feeding worms had not

fully recovered by 1973.

Temporal changes in the chironomid community — We also evaluated historical trends at
station 1 in Parry Sound Harbor by studying changes in the chironomid community as revealed
by head capsules collected at various depths in a sediment core. We note that Laroque (2001)
recommends collecting at least 50 head capsules at each sediment depth; however, we did not
find this number at all sediment depths. In the decade or so following the oil spill, corresponding
to a depth of ~4-4.5 cm, the total numbers of chironomids and constituent groups, including the
Chironomini, Tanytarsini and Orthocladiinae, were reduced (Fig. 4). Most of these taxa returned
to their previous densities after this time (Fig. 4). These data confirm the trends described above
for the general invertebrate community; that is, recovery occurred within a decade or two after
the oil spill and the present-day community has recovered completely from the oil spill. In

opposition to this trend, taxa of Diamesinae (mainly Protanypus) were absent prior to the oil spill

79



but present afterwards (Fig. 4). Note that numbers of this taxon were quite low (Fig. 4) and

ecological data on Protanypus is lacking making interpretation of this pattern is difficult.

Temporal changes in deformed Chironomus cucin i— Mouth-part deformities in Chironomus
larvae (Fig. 5) are thought to be the result in part of exposure to contaminants (Hare and Carter
1976; Cushman 1984; Cortelezzi et al. 2011). Approximately two decades after the oil spill in
Parry Sound Harbor, 77% of C. cucini larvae collected at station 1 in Parry Sound Harbor (Fig. 6)
had a deformed mentum, mandibles or both (Hare and Carter 1976) suggesting that
contaminants were having an effect on this population. At that time, the comparable figure for a
reference site outside of Parry Sound Harbor (Depot Harbor) was 2.5% (Fig. 6). In 2009, the
percentage of deformed individuals in Parry Sound Harbor was only 12% at both stations 1 and
2 (Fig. 6). In 2006, a higher percentage of deformed larvae was measured at station 1 (28.5%).
Although this could indicate a decline in exposure to contaminants between 2006 and 2009, it is
more likely due to the heterogeneous distribution of oil in Parry Sound Harbor sediments.
Indeed, while sieving a series of sediment samples collected while anchored at station 1 we

noticed that more oil floated to the top of some samples than others.

In 2009, the percentage of deformed C. cucini larvae at the reference site in Depot Harbor
(9%) was very close to that at the two contaminated sites in Parry Sound Harbor (12%; Fig. 6),
which suggests that the majority of the Parry Sound Harbor population of is no longer affected
by contaminants. At the reference site, the lower percentage of deformed individuals in 1974
(2.5%) compared to 2009 (9%; Fig. 6) is likely explained by the fact that evaluating deformities is
subjective such that the evaluator in 2009 may have been more sensitive to small differences

than the evaluator of the 1974 samples.

In the 1976 study, only the mentum and mandibles were examined for the presence of
deformities (Hare and Carter 1976). Examination of other head-capsule parts in recently-
collected larvae showed that deformities were not limited to the mentum and mandibles but that
the antennae and the pecten epipharyngis (part of the labium) could also be deformed (Fig. 5).
The percentage differences in the types of deformities among stations and years did not follow a
continuous trend (Fig. 7). The fact that Hare and Carter (1976) only examined the mentum and
mandibles for deformities suggests that their value of 77% deformed larvae in 1974 would have

been much higher had they also studied other head-capsule parts.

Of the 34 subfossil head capsules of C. cucini found in the sediment cores, only 5 were
deformed and, of these, 3 were found at the 4-4.5 cm depth interval, that is, near the time of the
oil spill.

80



In 2006 and 2009, we collected 7 pupae of C. cucini to which were attached larval exuviae.
Of these, 5 had head capsules with deformed mouthparts suggesting that larval deformations do
not preclude successful pupation and possibly adult emergence. If larval deformations could
preclude successful pupation, then it is unlikely that a C. cucini population having such a high
incidence of deformities, such as that measured in 1974, would be able to maintain itself.

In conclusion, the ecological repercussions of a 1950 oil-spill were still evident a quarter of
a century later when C. cucini larvae were reported to have a high incidence of deformities.
These results suggest that deformities were the consequence of contact with oil-rich sediments
during larval burrowing and feeding activities. In 2009, six decades after the oil spill, the low
background level of deformities suggests that sufficient uncontaminated sediment has
accumulated to allow C. cucini larvae to burrow and feed without contacting oil-contaminated

sediment (Fig. 8).
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Table 1. Mean densities (no / m? £ 95% Cl where n > 3) of profundal benthic invertebrates at two stations in
Parry Sound Harbor and at'a reference station of similar depth outside of the Harbor. Samples were
collected in either 2009 (this study) or in 1973 (Hare 1976), that is, subsequent to a 1950 oil spill in the

Harbor.

Parry Sound Harbor outside Harbor
Year 2009 2009 1973 1973
Station number 2 1 1 19
Depth (m) 24 22 26 21
Diporeia hoyi (Amphipoda) 65159 565+164 667+1026 7471349
Pisidium (Mollusca, Sphaeriidae) 116£89 3661127 580+928 807+255
Tubificidae (Oligochaeta) 647136 485+201  160+263 160179
Chironomus cucini (Chironomidae) 108+73 203182 3134405 20150
Tanytarsus sp. (Chironomidae) 552+175 5991464 40 7
Heterotrissocladius oliveri (Chironomidae) 9420 91164 47+103 73
Protanypus sp. (Chironomidae) 131£15 4+10 93+152 67176
Phaenopsectra sp. (Chironomidae) 73158 22+16 46 7
Other Chironomidae 43 116 7 186
Total 1626 2451 1953 2074
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Table 2. Mean (+ 95% CI) concentrations (nmol/g dry weight) of trace metals in sediments and in larvae of

Chironomus cucini collected at a reference station and in Parry Sound Harbor (station 1).

metal Cd Cu Ni T Zn
medium: station (nmol/g) (nmol/g) (nmol/g) (nmol/g) {(nmol/g)
sediment: reference 17+2 5781294 435194 0.8+0.03 29871703
sediment: Parry Sound
37+3 884179 703499 1.7+0.03 888311014

Harbor
C. cucini - reference 236 330197 1517 0.08+0.04 8421272
C. cucini - Parry Sound

6329 217127 2615 0.04+0.02 11911816

Harbor
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Figure Captions

Fig. 1. Results of ?'°Pb dating of core A collected at station 1 in Parry Sound Harbor: (a)
profile of unsupported 2'°Pb activity as a function of cumulative sediment depth; (b) year
as a function of sediment depth (inset for the years 1920-2003).

Fig. 2. Depth profiles of variables in cores collected at station 1 in Parry Sound Harbor:
(a) ™'Cs activity (Bq g”'; core A); (b) total lead (relative units; core A); (c) sediment
density (relative units; core A); (d) greases and oils (mg kg™'; core B). Dates are derived

from 2'°Pb geochronology.

Fig. 3. Presumed burrowing and feeding depths of the dominant profundal benthic

invertebrates in Parry Sound Harbor.

Fig. 4. Numbers of subfossil head capsules as a function of depth in sediment core A
collected from station 1 in Parry Sound Harbor. The 1950 oil spill corresponds to a

sediment depth of ~4.5 cm.

Fig. 5. Deformed and normal structures of final instar Chironomus cucini larvae collected

from station 1 in Parry Sound Harbor.

Fig. 6. Percentage of Chironomus cucini larvae having either a deformed mentum or
deformed mandibles. The number of larvae examined is indicated above each bar.
Larvae were collected at two stations in Parry Sound Harbor and at a reference station
outside of Parry Sound Harbor in either 1974 or 2009.
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Fig. 7. Percentages of various types of deformities observed in Chironomus cucini larvae
collected at two stations in Parry Sound Harbor and at a reference station outside of
Parry Sound Harbor. Larvae were collected in 2009 from all stations and in 2006 from
station 1. Open bars — antennae; light grey bars — pectin epipharyngis; dark grey bars —
mandibles; black bars — mentum.

Fig. 8. Accumulation of sediment since the 1950 oil spill in Parry Sound Harbor with
respect to the presumed habitat occupied by larvae of Chironomus cucini in 1974 and in
2009.
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