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Chronic Toxicity (Mortality) of Freshwater Amphipod
Diporeia spp. for Zn in Sediment Microcosm
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Abstract - Sediment microcosm experiments were conducted for 14 and 28 days using Zn spiked
sediment to examine chronic toxicity (mortality) of Diporeia spp. as a function of density and time.
Mean cumulative Diporeia mortality in 28 day sediment microcosms was 25% at 1,800 g g1 total
Zn in sediment. Although a certain fraction (20~ 40%) of Diporeia was dead, its mortality was
attributed by handling stress within 4 days and was not significantly encreased with increasing
within the range of Zn concentrations examined in this study. These results suggest that Diporeia
can tolerate Zn contaminated sediment and may be useful as a biomonitor for Zn contamination

in freshwater environments.
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INTRODUCTION

The amphipod Diporeia spp. which was known as Ponto-
poreia hoyi (=affinis) is generally considered as one group
(spp.) because taxonomic differences have not been resolv-
ed (Smith 1972; Segerstrale 1977; Landrum and Nalepa
1998; Song 2003). The amphipod Diporeia is the most
widespread benthic macroinvertebrate not only in North
American freshwater, especially in the Great Lakes, arctic
and subarctic lakes and rivers but also in brackish water in
the Baltic Sea (Mozley and Alley 1973; Moore 1979; Nalepa
et al. 1985). Diporeia is more abundant in the deeper and
colder regions of lakes, where the average temperature is
less than 20°C unlike other freshwater amphipods (i.e. Hya-
lella azteca, Gammarus fasciatus) (Bousfield 1958; Smith
1972).

As a detritivore, Diporeia utilizes freshly settled algae as
a primary food source and it is fed upon by many species of
Great Lakes fish (Gardner ef al. 1990). Therefore, Diporeia

plays a major role in the movement of not ony energy, nutri-
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ents but also contaminants through the food web between
benthic and pelagic production and upper trophic levels
(Landrum and Nalepa 1998; Song 2003).

Due to these kinds of important roles, many studies have
examined the dynamics of contaminant accumulation in
this species, including body burdens, bioaccumulation, and
toxicokinetics (Landrum and Faust 1994; Landrum et al.
1997; Song 2000).

In recent studies, Diporeia have been exposed to conta-
minants in the laboratory, both water and sediments, to ver-
ify these field observations and further evaluate toxicologi-
cal responses in this organism. Toxic response studies of
Diporeia have used concentration measures for both the
environmental compartment and organism tissue to describe
the mortality due to exposure to selected toxicants. A review
of field data indicates that Diporeia were very sensitive to
toxicants. Especially several toxicity studies suggested that
the sensitivity of Diporeia was comparable or similar to
that of other amphipods to organic matter contaminants
(Spehar ef al. 1985; Kierstead and Barlocher 1989). How-
ever, in matched bioassays to field collected sediment,
Diporeia was less sensitive to toxicants than Hyalella azteca

(Burton et al. 1996). In contrast to lots of studies for organ-
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ic matter toxicities of Diporeia, laboratory studies examin-
ing trace metal toxicity to Diporeia were relatively few
compared to other freshwater invertebrates (e.g. Hyalella
azteca).

The purpose of this study is to examine the mortality of
Diporeia spp. as a chronic toxicity for sediment bound Zn
and the possibility of using it as a biomonitor to contami-
nant metal in freshwater sediments. For the purpose Dipor-
eia is cultured in Zn spiked (manipulated) sediments during
14 day and 28 days in sediment microcosm. Zinc is selected
as an appropriate metal in this study because it is abundant
in sediments and usually accumulated in Diporeia spp.
(Song and Breslin 1998).

MATERIALS AND METHODS

1. Sampling and handling of amphipod and
sediments

Diporeia and sediments were collected using a PONAR
grab sampler from surficial sediment at a water depth of
about 60 m in Lake Michigan in cooperation with P.F. Land-
rum (Great Lake Research Laboratory, NOAA). The amphi-
pods were isolated from the surficial sediments (0~ 3 cm)
using gentle screening with cool lake water (4~ 6°C). Dipo-
reia were then placed in a cooler (4~ 6°C, dark) with unsiev-
ed sediments and lake water. Detail methods of sampling
and handling of amphipod and sediments are described in
Song and Breslin (2004).

2. Analysis of Zn in sediments and statistics

To determine concentration of Zn in sediments, approxi-
mately 0.2 g of dried sediments was digested with 1 ~3 mL
of HNOs, HCIO,, HF according to the same process in Song
and Breslin (1998). Statistical analysis of significant differ-
ences for wet weight and mortality of amphipod before and
after experiments was performed by analysis of variance
(ANOVA).

3. Microcosm experiments

Six different Zn concentrations were designed by spiking
of Zn in sediment to prepare microcosms. The lowest con-
centration (CO) of Zn in the sediments was defined as the

concentration of Zn in the collected and sieved sediment

Table 1. Spiked Zn concentrations in five different treatment
microcosms

Conc. (No.) Co?2 Cl C2 C3 Cc4

Spiked {Zn]
{(ng g dry sed™)

*Control treatment without Zn spiking

- 154 308 769 1539

and was referred to as the unspiked control sediment. The
method of spiking and design of Zn concentration ranges
(C1~C4) in sediments were according to previous litera-
tures with considering adsorption rates of Zn on sediments
(ASTM 1995; Berry et al. 1996; Peterson et al. 1996) (Table
1).

Fourteen (for C0, C2 and C4) and eight (for C1 and C3)
replicated treatment microcosms (500 mL glass jar) were
prepared with different time and density for this experi-
ments. Six replicates among the fourteen replicates for CO,
C2 and C4 were used as reference microcosms without
organisms at 0, 14 and 28 days. Six replicate treatments for
C0, C2 and C4 were used in low-density microcosms (12
amphipods in a jar) for 14 days and 28 days, respectively.
The remaining two replicates in treatments CO, C2 and C4
were used in high density microcosms (24 amphipods in a
jar). For C1 and C3 treatments, eight replicate microcosms
were prepared. Six of these were used for 14 day and 28 day
microcosms while two replicates were used for reference
treatments without organisms.

Three mature (>6 mm) and 9 immature (<6 mm) sized
amphipods were placed into 500 mL glass jars as low den-
sity microcosms (12 amphipods in a jar: 1,500 individuals
m~2), while 6 mature and 18 immature sized amphipods
were placed into a glass jars as high density microcosms
(24 amphipods in a jar: 4,500 individuals m™2), respective-
ly. After that all microcosms were maintained inside of a
dark and cold (5°C) room. Approximately half of the over-
lying water in each treatment was replaced every four days
with filtered lake water. When water was replaced, aeration
was stopped for 1 day. Food was not supplied during micro-
cosm experiments because Diporeia can survive in sedi-
ment for several months without added food (Landrum 1989;
Landrum and Faust 1994). At the end of each exposure,
1 ~3 amphipods were collected and the individual wet wei-
ght was determined. After each experiment live and dead
amphipods were counted to examine their mortality. Detail
configuration of sediment microcosm experiments was pre-

sented in Song and Breslin, 2004.
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Fig. 1. Comparison of Diporeia wet weight before and after 14
day (A} and 28 day (B) microcosm experiments.

RESULTS AND DISCUSSION

1. Diporeia condition index in microcosm
experiments

As a measure of Diporeia condition, wet weights (mg) of
mature and immature amphipod were measured and com-
pared before and after each microcosm experiment. Results
of experiments showed that Diporeia wet weights were not

significantly changed (mature, ANOVA, P=0.67; immature,
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Fig. 2. Comparison of Diporeia wet weight before and after 14 day
microcosm experiments at high (A) and low (B) densities.

ANOVA, P=0.20) in sediment microcosms as a function of
time and density (Figs. 1 and 2). It may be due to the low
metabolic conditions of Diporeia (i.e. temperature, food
quality in sediment) in the sediment microcosms. In this
study, Diporeia was cultured at 4~ 6°C without added food.
These temperatures were colder than their estimated opti-
mum temperature (i.e. 8 ~12°C) for maximal growth (Gor-
deev 1952; Bousfield 1989). Based on the Diporeia growth
rate (0.33 mm month~!) in colder season (November ~ April)

nearshore (Winnell and White, 1984), their growth rate may
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Table 2. Mortality of Diporeia spp. in 14 day and 28 day sediment microcosm experiments

Initial no. No. of dead amp. No. of Mortality
Day  Treatment of amp. Within 4 days Total live amp. (%)
Im M. Im. M. Im. M. Im, M. Im. M.
o 18 6 2(1.4) 1(1.4) 552.1) 1507 1207 5(0.7) 316)  25(6)
14 2 18 6 3(2.8) 0.5(0.7) 552.1)  1(1.4) 11(0.7) 6(2.1) 316)  17(7)
c4 18 6 3507 1(1.4) 65(0.7) 1507  1200.7)  5(0.6) 364)  25(5)
co 9 3 07(1.2)  0.3(0.6) 2(1) 0.3(0.6) 73(0.6) 2706 225 11(6)
Cl 9 3 1(1) 0.7 (0.6) 1.7(0.6) 1(0) 7.3(0.6) 2(0) 19(6) 33(0)
14 2 9 3 0(0) 0(0) 1721 0(0) 73(2) 27006  193)  00)
C3 9 3 0.3(0.6) 0(0) 23(15)  0.3(0.6) 67(1.5) 2706 26T 115
C4 9 3 0.3(0.6) 0(0) 1(1) 0.7(0.6) 8(1) 2.3(0.6) 11(4) 22(5)
Co 9 3 0.7(0.6)  0.3(0.6) 23(12)  0.7(0.6) 67(1L1)  23(L.1)  263)  22(6)
Cl 9 3 07(0.6) 0.3(0.6) 17(0.6)  0.7(0.6) 75(0.7)  23(06)  193)  22(5)
28 C2 9 3 0.7(0.6) 00 2(1) 1(0) 7(1) 2(0) 22(4) 33(0)
C3 9 3 0.3(0.6) 0¢0) 1.7(0.6) 1.3(0.6) 7.50.7) 1.7(0.6) 19(6) 44(4)
C4 9 3 1(1.7) 0.3(0.6) 13(0.6)  1(1) 77(0.6) 13(0.6)  156)  33(3)

be lower than 0.33 mm month™' due to the microcosm con-
ditions (i.e. low temperature and lower food quality). This
growth rate may not be measurable due to errors in obtain-
ing mean wet weight based on wet weight-body length rela-
tionships (Song 2003).

2. Mortality of Diporeia in microcosm experiments

Mortality (%) of Diporeia was determined by total num-
ber of dead animals divided by initial number of animals in
each treatment for 14 day and 28 day microcosms (Table
2). Diporeia mortality was not significantly changed
(ANOVA, P=0.53) between mature and immature individ-
uals following 14 days, however, it was significantly higher
(ANOVA, P=0.046) for mature compared to immature
individuals following 28 days (Table 2).

Cumulative mortalities of Diporeia (mature plus imma-
ture as a function of time) were similar (23~25%) in the
C0~C4 treatments in the 28 day microcosm experiment
(Fig. 3C, 3D). In the 14 day high density microcosm, 43~
56% of the total cumulative mortality (30 ~34%) occurred
within 4 days (Fig. 3C). While 10~43% and 56~ 100% of
the total cumulative mortality (23 ~25%) in the CO~C4
treatments occurred within 4 days and 14 days, respective-
ly, in the 28 day low density microcosm (Fig. 3D). In 14
day exposure, cumulative mortality of it was significantly
higher (ANOVA, P=0.0035) at high density compared to
low density (Fig. 3C and 3D).

Relatively high initial mortality of Diporeia (30% in 4
days and 80 % in 14 days of total 28 day cumulative mor-

tality) suggests that Diporeia were affected by stresses of
handling processes and/or other harsh sediment conditions.
In these experiments, each Diporeia was handled to deter-
mine the wet weight prior to insertion into the sediment
microcosms. For the variation of Zn concentration, Diporeia
cumulative mortalities (23 ~25%) were not significantly
changed with increasing Zn concentration in sediment fol-
lowing 28 days which means that over 75% of Diporeia
survived at 1,800 pg ¢! total Zn (corresponded with spiked
Zn concentration of 1,539 ug g7!) in sediment. These results
suggest that Diporeia can tolerate for the highly Zn conta-
minated sediment. In short-term (7 day) bioassay experi-
ments for Hamilton Habor sediment, Jackson ez al. (1995)
found that Diporeia mortality exceeded 64% in hypolimnion
mud contained the high concentration of Zn (1,500~ 2,000
ug g7'). However they did not figure it out what kind of
material contribute to its high mortality among particularly
high Zn, total PCBs and PAHs in sediments.

Several literatures also suggested that Diporeia mortality
was affected by high other metal concentrations in sedi-
ment environment. Results of field studies showed that
Diporeia densities decrease with increasing sediment Cu
(Kraft 1979). In long-term (460 days) laboratory soft-
bottom microcosms, tissue cadmium (Cd) concentrations in
Diporeia gradually increased up to about 3,500 times com-
pared to dissolved Cd concentrations (6.5 ug L™!) in the
overlying water and their mortality was about 70% for
adults and 100% for juveniles (Sundelin 1983). However,
Diporeia accumulated Zn in its body up to 2.7 umol g~' at

23 ~25% cumulative mortalities following 28 days in this
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Fig. 3. Non-cumulative (A and B) and cumulative (C and D) Diporeia (mature plus immature) mortality (%) as a function of treatment (A and
B). exposure time (C and D) and density (A and C: low density, B and D: high density).

experiment. It was comparable with LBC25 (Lethal Body
Concentration resulting in 25% mortality; 3.08 umot g~} of
Hyalella azteca in similar sediment microcosm experiments
by Borgmann and Norwood (1997). Although Diporeia
LBC25 for sediment-bound Zn was not obtained directly in
these studies, results of experiments suggest that Diporeia
LBC25 is higher than the LBC25 for Hyalella azteca as
most (30~ 80%) of the observed Diporeia mortality was
occurred due to handling stress rather than Zn toxicity.
These results may suggest that Diporeia is more tolerant
than Hyalella azteca of Zn contaminated sediments.

In particular, Diporeia is considered as an appropriate
organism to examine the accumulation of contaminant met-
als from freshwater sediments because it actively feeds on
sediment both in aerobic and anaerobic (i.e. hypolimnion)
(Dermott and Corning 1988; Lopez and Elmgren 1989; Jack-

son et al. 1995; Song and Breslin 1998; Song 2003). Based
on its tolerance for high concentration of Zn in this study
and accumulation of Zn in sediment, Diporeia may be used
as a potential biomonitor for contaminant metals in fresh-

water sediment.

CONCLUTION

Following 14 day and 28 day sediment microcosms for
Diporeia, wet weight (mg) of it did not significantly changed
before and after experiments. It may be due to the low meta-
bolic conditions of Diporeia (i.e. temperature, food quality
in sediment) in the sediment microcosms. Based on the
Diporeia growth rate (0.33 mm month™!), the growth rate

may not be measurable due to errors in obtaining mean wet
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weight based on wet weight-body length relationships. Rel-
atively high initial Diporeia mortality within 4 days sug-
gests that Diporeia were affected by stress from the han-
dling process and/or other harsh sediment conditions.

Diporeia cumulative mortalities (23 ~25%) were not sig-
nificantly changed with increasing Zn spiking concentration
in sediment and over 75% of Diporeia survived at total Zn
(1,800 pg g™") in sediment following 28 day microcosm
experiments. These results suggest that Diporeia can toler-
ate high Zn contaminated sediment.

The tolerance and accumulation ability of Diporeia for
high concentration of Zn in sediment, Diporeia can be con-
sidered as a potential biomonitor for contaminant metals in

freshwater sediments.

REFERENCES

American Society for Testing and Materials (ASTM). 1995.
Standard guide for collection, storage, characterization,
and manipulation of sediments for toxicological testing. E-
1391-94. In Annual Book of ASTM standards, Vol. 11.05,
Philadelphia, PA. pp. 835-855.

Berry WJ, DJ Hansen, JD Mahony, D Robson, DM Di Toro,
BP Shipley, B Rogers, JM Corbin and WS Boothman.
1996. Predicting the toxicity of metal-spiked laboratory
sediments using acid-volatile sulfide and interstitial water
normalizations. Environ. Toxicol. Chem. 15:2067-2079.

Borgmann U and WP Norwood. 1997. Toxicity and accumula-
tion of zinc and copper in Hyalella azteca exposed to metal
-spiked sediments. Can. J. Fish. Aquat. Sci. 54:1046-1054.

Bousfield EL. 1958. Freshwater amphipod crustaceans of gla-
ciated North America. Can. Field. Nat. 72:55-113.

Bousfield EL. 1989. Revised morphological relationship within
the amphipod genera Pontoporeia and Gammaracanthus
and the glacial relict significance of their post-glacial dis-
tributions. Can. J. Fish. Aquat. Sci. 46:1714-1725.

Burton GA, CG Ingersoll, LC Burnett, M Henry, ML Hinman,
SL Klanie, PF Landrum, P Ross and M Tuchman. 1996. A
comparison of sediment toxicity test methods at three Great
Lakes Areas of Concern. J. Great Lakes Res. 22:495-511.

Dermott R and K Corning. 1988. Seasonal ingestion rates of
Pontoporeia hoyi (Amphipoda) in Lake Ontario. Can. J.
Fish. Aquat. Sci. 45:1886-1895.

Gardner WS, MA Quigley, GL Fahnenstiel, D Scavia and WA
Frez. 1990. Potoporeia hoyi-A direct trophic link between
spring diatoms and fish in Lake Michigan. In Large Lakes:
Ecological Structure and Function, eds. M.M. Tilzer and

C. Serruya, Springer-Verlag, New York, NY. pp. 632-644.

Gordeev ON. 1952. Biology and ecology of the relict crustacean
Pontoporeia affinis Lindstorm in the Lakes of Karelia.
Biol. Naut. 4:98-109.

Jackson M, J Milne, H Johnston and R Dermott. 1995. Assays
of Hamilton Harbour sediments using Diporeia hoyi (Am-
phipoda) and Chironomus plumosus (Diptera). Canadian
Technical Report of Fisheries and Aquatic Science. 2039.
20 pp.

Kierstead WD and F Barlocher. 1989. Ecological effects of
pentachlorophenol on the brackish-water amphipod Gam-
marus tigrinus. Arch. Hydrobiol. 111:149-156.

Kraft KJ. 1979. Pontoporeia distribution along the Keweenaw
shore of Lake Superior affected by copper tailings. J. Great
Lakes Res. 5:28-35.

Landrum PF. 1989. Bioavailability and toxicokinetics of poly-
cyclic aromatic hydrocarbons sorbed to sediments for the
amphipod Pontoporeia hoyi. Environ. Sci. Technol. 23:599
-595.

Landrum PF and WR Faust. 1994. The role of sediment com-
position on the bioavailability of laboratory-dosed sedi-
ment-associated organic contaminants to the amphipod,
Diporeia (spp.). Chem. Speciat. Bioavail. 6:85-92.

Landrum PF and TF Nalepa. 1998. A review of the factors
affecting the ecotoxicology of Diporeia spp. J. Great Lakes
Res. 24:889-904.

Landrum PF, DC Gossiaux and J Kukkonen. 1997. Sediment
characteristics influencing the bioavailability of nonpolar
organic contaminants to Diporeia spp. Chem. Speciat. Bio-
avail. 9:43-55.

Lopez GR and R Elmgren. 1989. Feeding depths and organic
absorption for the deposit-feeding benthic amphipods Pon-
toporeia affinis and Pontoporeia femorata. Limnol. Ocean-
ogr. 34:982-991.

Mozley SC and WP Alley. 1973. Distribution of benthic inver-
tebrates in the south end of Lake Michigan, in Proceedings
of the 16" Conference on Great Lakes Research, pp. 87-96,
International Association for Great Lakes Research, Ann
Arbor, Michigan.

Moore JW. 1979. Ecology of a subartic population of Ponto-
poreia affinis Lindstorm (amphipoda). Crustaceana. 36:267
-276.

Nalepa TF, MA Quigley, K Childs, J Gauvin, T Heatle, M
Parker and L Vanover. 1985. Macrobenthos of southern
Lake Michigan, 1980-81. NOAA Data Report, Environ-
mental Research Laboratories, Great Lakes Environmental
Research Laboratories, Ann Arbor. M.

Peterson GS, GT Ankley and EN Leonard. 1996. Effect of bio-
turbation of metal-sulfide oxidation in surficial freshwater
sediments. Environ. Toxicol. Chem. 15:2147-2155.



Chronic Toxicity of Amphipod Diporeia spp. 33

Segerstrale SG. 1977. The texanomic status and prehistory of
the glacial relict Pontoporeia (Crustacea Amphipoda) living
in North American lakes. Commenta. Biol. 89:1-18.

Smith WE. 1972, Culture, reproduction and temperature toler-
ance of Pontoporeia affinis in the laboratory. Trans. Amer.
Fish. Soc. 101:253-256.

Song KH and VT Breslin. 1998. Accumulation of contaminant
metals in the amphipod Diporeia spp. in western Lake
Ontario. J. Great Lakes Res. 12:949- 961.

Song KH. 2000. Bioaccumulation of sediment-bound Zn by
the freshwater amphipod Diporeia spp. Ph.D. Thesis. State
University of New York at Stony Brook.

Song KH. 2003. Biological and ecological consideration of the
freshwater amphipod, Diporeia spp. Korean. J. Environ.
Biol. 21:328-336.

Song KH and VT Breslin. 2004. Influence of AVS on the par-

titioning of bioavailable Zn to various binding phases in
sediments. J. Kor. Soc. Oceano. 39:243-250.

Spehar RL, HP Nelson, MJ Swanson and JW Renoos. 1985.
Pentachlorophenol toxicity to amphipods and fathead min-
nows at different test pH values. Environ. Toxicol. Chem.
4:389-397.

Sundelin B. 1983. Effects of cadmium on Pontoporeia affinis
(Crustacea: Amphipoda) in laboratory soft-bottom micro-
cosms. Mar. Biol. 74:203-212.

Winnell MH and DS White. 1984. Ecology of shallow and
deep water populations of Pontoporeia hoyi amphipoda in
Lake Michigan. Freshwater Invertebr. Biol. 3:118-138.

Manuscript Received: November 17, 2006
Revision Accepted: January 31, 2007
Responsible Editor: Wonchoel Lee



