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| It has been well established that many toxic cheraical contarainants enter

•j natural water resources and accumulate to high levels in bottom sediments. A

variety of marine sediment bioassays have been developed to test the toxicity

• of these sediments on benthos locations. These range frora short terra acute

tests involving the effects of individual contarainants on single species to

| complex long term determinations of the effects of cheraical mixtures on the

a entire benthic ecosystem (Lamberson and Swartz , 1988). This report describes

* a short terra acute sediment bioassay involving the infaunal amphipod Bathypo-

I re ia sarsi and Bathyporeia pilosa in two different tests. These two species

are quite sitnilar but from a practical point of view, B. pilosa are rauch

| easier to collect than B. sarsi , therefore a cotnparison of sensitivity

B between the two species is made with a contaminated sediment gradiënt in the

^ first test, while the second test determines the effects of various sediments

from different locations on B. pilosa .
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Xntroduction

• It has been well established that many toxic chemlcal contaminants enter

natural water resources and aecumulate to high levels in bottom sediments. A

i
•' variety of marine sediment bioassays have been developed to test the toxlcity

WÊ of these sediments on benthos locations. These range from short term acute

tests involving the effects of individual contaminants on single species to

• complex long term determinations of the effects of chemie al mixtures on the

entire benthic ecosystem (Lamberson and Swartz , 1988). Thia report describes

I'1 a short term acute sediment bioaeeay involving the infaunal araphipod Bathvpo-

g| reia sarsi and Bathvpore^a pilosa in two different tests. These two species

are quite similar but from a practical point of view, B. pilosa are much

M easier to collect than B. sarsi , therefore a comparison of sensitivity

between the two species is made with a contaminated sediment gradiënt in the

£ first test, while the second test determines the effects of various sediments

from different loeations on B. pilosa ,

Bathyporeia species

• Bathyporeia, a genus from the araphipod family Haustoriidae, can be characte-

rized by the habit of burrowing into the soil of the sea floor (Watkin,

™' 1939). These marine animale are commonly found in the Horth Sea off the Dutch

flj coast. The species of quantitative importance in the intertidal areae of the

Delta region are Bathyporeia pilosa and Bathyporeia sa,rsA (Vader ,1965).

£ These two species differ anatomically mostly in the shape of their frontal

§
antenna of the head, B. pilosa has a more rounded shape to the antenna while

B.sarsi has a more squarish shape to the antenna. The swimmlng and burrowing

• habits of both species of the genus Bathyporeia have been shown to be alike

(Vatkin , 1939). As a result of swimming-like roo vemen te currents of water are
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drawn in between the appendages and thue over the gills. Burroving Into the

sand which is the natural home of the Bathyporeia is the second type of

movement characteristic of thie genus. It is known that the aniroals bury in

mL the sand and feed by eating from the surface of sand particles and absorbing

* the nutrients while defecating indigo8tible material. Fhoxocephalid amphipods

• are known to be seneitive to sediment contamination particularily since such

animals are greatly dependent on the quality of interstitial vater and

P sediment particulates (Swartz ,1984).
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Aniraal Collection

• In the first teet both B.pllosa and B.sarsj were collected on May 20, 1989 on

the email beach south of Ouwerkerk ( the Eastern Scheldt). B.sarsf. was found

• most abundantly in the upper 5 cm of the sediment layer close to the low

m water mark, in water of approx. 20 cm depth at low tide. In the higher

littoral zone, B.pi^pea was found aroong the upper 5 cm of the ahallow sedi-

• ment just below the high water mark. In order to obtain the animals , the

sediment was sieved over a 3 mm sieve to separate the animals from shells and

'P than over a 1 mm sieve to eliminate sand and organic debris.

m For the second test , B.pilosa was collected on June 9, 1989 in Ouwerkerk.

The top 5 cm layer of sediment from the high littoral zone was collected and

sieved with a 1 mm pore size to recover the animals.

Sediment Processing

To obtain a contaminated sediment gradiënt for test 1 , clean and contamina-

• ted sediment were mixed in various proportions. A series was made with 0Z,

102, 25Z, 50% ,100Ï wetweight percentages of contaminated sediment, the

I
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counterpart being the clean sediment (reference sediment). In the folloving1
table the percentages of eontaminated and ref, sedimente are presented t

i
i 10% contaminated sediment/ 90Z ref. sediment

25Z contaminated sediment/ 75Z ref. sediment

50Z contaminated sediment/ 50Z ref. sediment

100Z contaminated sediment/ 0Z ref. sediment

g In test 2, no sediment processing vas necessary, sediments frotn different

„ locatlons vere used in the various test jars.

I
Bioassay set-up

1
I Test 1

Thirty IL mason jars were filled with approx. 200 ml of the mixed (contamina-

M ted/ref.) sediment) 6 jars of e ach mixture, 3 replicatee for each species.

Raw (unflltered) sea vater vas filled to the top of the mason jars and 1 day

• before the animale we re introduced the sediment was allowed to settle while

the incoming seawater flow vas also set-up. After the sediment had settled,

m 19 animaIs were introduced in each jar. Unfortunately hovever, the screene of

m the mason jars became plugged with exces e algae and some animale were lost

thru the overflow of water. Hence this caused a variability of probably 2-5

• animale in some jars. Af ter this was discovered a system was set-up to have

the sea water flow filtered. Puring the ten

M day exposure time, the test jars were examined daily. Temperature, oxygen

<| saturation and the condition of the animale were measuredt floating and

swimmlng animale, emergent from the sediment or on the surf ace of the sedl-
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• ment and the numbor of surviving animals. Water tamperature remalned approx.

16°C during the test, oxygen saturation variad from 70Z to 150X, After 10

• days the expo sur e jars were emptied and the animals vere recovered from the

sediments by using a 1 mm sieve, Th» living Bathyporeia animals were collec-

8 ted and agaln allowed to rebury in clean sediment. Af ter one hour the number

m of reburied animale was eounted. The unburroved animals were checked for

viability; the living animale which failed to rebury giving an indication of

• cublethal stress.

I Test 2

^ Thirty IL maeon jars were filled wlth ±200 ml of sediment from 10 different

* localities plus 1 reference sediment. Each location was teeted in duplicate

ft or triplicate (depending on the amount of sediment available from each

location). A flow through system of filtered seawater was set-up and the test

£ jare were all filled with seawater. After one day of alloving the sediment to

f
settle, 20 B.pilosa were introduced to each test jar. Water temperature

remained constant at approx. 17°C and oxygen saturation was approx. 80Z.

fl Af ter the animale burrowed, air bubbling pipets were inetalled. During the 10

day exposure time, the test jars were daily examined and measüred for terope-

• rature, oxygen saturation and the conditlon of the animals. The saroe criteria

as in bioassay 1 was used to measure the condition of the animals except once

• the dead animale were noticed, they were removed. This was done to eneure an

Ét accurate measurement of the viable animals. Af ter the 10 day test , the

animals were recovered and eounted but a reburial test was not performed.

I
Results

• Test 1

In the following table the proceseed results are presented on the response of

I
I



0 1 contamination

10Z contamination

25% contamination

50Z contamination

lOOZeontamination

8.9

24.7

38.9

40.5

48.5

3.2

3.2

24.2

27.8

34.7

46.4

39.4

7X.9

85.4

80.1

1.6

15.7

8.7

8.7

12.1

I
I
M B.pilosa and B.sarsi to the different contamination levels. The percentages

are the mean of the three replicatee.

I
•
* Table 1 Z nortality X failure Xmortality X failure

• B.pllosa to rebury B.sarei to rebury

I
I
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| Statistical analysis is not applied to this data. Although a clear trend ie

« present, the control group (OZ contamination) Is quite high and thus statis-

tically unacceptable.

I
The number of swimming amphipods is indlcated in the following table i (num-

,P bers are total amphipods per contamination gradiënt)

I
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Table 2

B.pilofa

0 Zcont.

10 Zcont.

25 Zcont.

50 Zcont.

lOOZcont.

Np. pf

day 3

15

10

8

10

21

Table 2 contlnued

B.sarsi

0 Zcont.

10 Zcont.

25 Zcont.

50 Zcont.

lOOZcont.

d a y 3

5

3

1

1

8

ffwiiuïïiinf

day 4

5

8

7

6

10

day4

0

3

1

2

6

i pniïïifll?

day 5

6

3

3

8

8

day5

1

3

0

1

4

•

per dav

day 6

9

3

3

4

9

day6

0

2

2

5

6

Of t«8t

day 9

5

4

0

1

1

day9

1

5

0

1

0
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• numbers presented are the mean values of replicate trials.

Teat 2

In Table 3, the effects of different sediment* on B.pilosa are shown. The

I Table 3

I
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Sediment Ho. of Swimming(s1and Emerxlnefe) Animale oer dav

Sample

1

2

3

4

5

8

9

10

12

13

blank

day3

lis,Ie

4s,-

8s,le

-

7e,-

-

9s,Ie

8e,-

-

88,-

day4

88,-

4e,Ie

8s,2e

-

5s,-

-

7s,-

38,-

-

3s,le

day5

6s,-

3e,-

68,2e

-

4s,le

-

5s, Ie

Is,Ie

3e,-

dayé

48,1e

38,1e

6«,3e

-

-

4s,le

3s,2e

-

38,-

day7

As,Ie

4s,Ie

6e,3e

-

3e,Ie

-

5s,le

3e,Ie

-

2s,-

day 10

38,3e

2s,2e

5s,4e

-

3s,Ie

-

2e, Ie

3s, 4e

-

2e,-
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Table 4 describee the percent mortality and the number of «urviving B.pllosa

in different sedimente, The numbers presentad are the nean of replicate

series. A statietical analysie vith standerd deviation and t-te*t is aleo

included.

Table 4

Sample

1

2

3

4

5

8

9

10

12

13

blank

% Mortallty

18.4

5.0

16.5

2.5

11.7

5.0

10,0

21.7

1.7

10.0

1.7

Number of

Surviv̂ nfE

16.3

19.0

16.7

19.5

17.7

19.0

18.0

15.7

19.7

18.0

19.7

Standard

Deviation

1.16

1.41

2.89

0.71

2.08

1.73

1.41

0.58

2.58

1.73

0.58

t-teat

4.47

0.775

4.765

0.293

1.604

0.632

1.936

8.485

0.0

1.581

_

p-values

0.005<p<-0.01

0.1<p<«0.375

0.05<p<-0,10

p>0.40

0.05<p<-0.10

0.10<p<-0.375

0.05<p<-0.10

p<-0.0005

p>0.40

0.05<p<-0.10

Figures 1 and 2 illustrate the locations vhere the various seditnents vere

eollected.

Discussion

The results from test 1 indlcate that B.sarsi are more sensitive to toxic

sediment than B.pilosa. Although etatistically, the mortallty for the control

group (OS contamination) was more than 10X, hence generally considered
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• unacceptable, a definite pattern Is preeent.

Table 2 indicates another strong trend t B.piloaa appear to spend more time

| swimming above toxic sediment than B.sarsi and this eould be a possible

— reaeon why B. pilosa are more reslstant to sediment toxicity. If they epend

* more time swimming they are ÜkeZy to spend less time burrowed in the sedi-

• ment , hence have less contact with the toxic contaminants and possibly be

less sensitive. Bovever, on the other hand, it Is also possible that B_,.

Jj pilosa swim more because they are quite sensitive to toxic sediments. It is

I
difficult to conclude frotn this experiment vhich explanation is more probable

but ve can conclude that B. pilosa do swim more and have a lower mortality

M rate than B.sarsi. The amphipods were also measured for reburial ability

which is supposed to indicate sublethal stress due to toxicity of sediment»

• However, the data obtained from the reburial test show very little pattern

and appear quite random. Yet it is possible to note that B.pjloaa spend more

• time swimming than burrowing in toxic sediment and also have a higher fallure

• to rebury rate than B.sarsi which eeem to burrow more and also rebury more in

toxic sediment.

I
Test 2 indicates that the sediments from different locatione' are not very

P contaminated since most of the B.pilosa survived the test. However measuring

m the emergence of the amphipods may indicate some toxicity since few anima Is

emerge from clean sediment under bioassay conditions (Swartz et.al.,1985), A

• slight trend can be noted from table 3 t B?pilosa appear to swim more in the

beginning of the assay while the number of emerging animale increases towards
M the end of the assay. It also appears from table 4 that sample 10 is the most

am toxic while sample 12 is the cleanest (X mortality same as control group).

However, statistically only samples 1 and 10 have mortality rates which are

• significantly different from the control. Samples 1 and 10 are located most

inland, where the rlver Rhine is heavily polluted. Thue it is probable that

I
I
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M the mortality could be due to the toxicity of the sediment. A chemie al

analyeis would be necessary to verlfy this.

£ The method of removing the dead animale daily In order to estioate the

mortality rate was not accurate in this experiment. It is difflcult to

• visibly recognize dead animals, especially once covered in sediment and daily

• enumeration of dead animals was not succes«fui since at the end of the test)

the nuraber of live animals was not the same as that predicted by the daily

• observatlons. Thus the best method is to actually sieve the sediment and

recover the live Bathyporeia after the 10 day exposure time.

I
I
I
I
^ Conclusion

I
Thus to «ummarize, data from test 1 lndicates that Btpiloga spend more time

P ewimming, have a greater nuntber of animals which fall to rebury, and are

_ n more resistent" to toxic sediment than B.sarei. Therefore for future

* research B.sarsj vhlch are qulte eensitlve to toxlc sediment vould be useful

JÊ for bioassay monitoring systems. The reburial test did not give more Informa-

tion on sublethal stress in test 1, hence it was not included in test 2. The

J data from test 2 is useful since it does indicate some mortality probably due

_ to toxicity. Also tne etaergence and swimming behaviors of the Bathyporeia do

• indicate a small degree of toxic effects in some of the sediments. However,

M further vork Including a complete chemlcal analysis is required before our
speculatlons can be confirmed.

I
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FIGURE 3: SPECIES COMPARiSON
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