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INTRODUCTION 

Research on an organism's response to toxic materials can be grouped 

into acute and chronic studies. Sprague (1973) defines acute as a type of 

experiment "involving a stimulus severe enough to bring a response 

speedily." The purpose of such studies is to determine the toxicity of a 

substance. Toxicity data are expressed as the median lethal concentration 

(LC50), or the concentration of a substance which will kill 50 percent of 

the test organisms after a specified period of time. Anothe~,~llY:mQ§.E!_ of 

such studies is to determine the interaction of toxicants with variables 

such as pH, temperature, hardness, alkalinity, acclimation, life cycle 

stage,pop~lation size, etc. 

According to Sprague (1973), chronic studies involve "a stimulus 

which is lingering or continues for a long time; often signifies periods 

of about one-tenth of the life span or more." In chronic studies, 

Mount (1968), Brungs (1969), Pickering and Gast (1972), and Pickering 

(1974) exposed the fathead minnow Pimepha1es prome1as to sublethal levels 

of copper, zinc, cadmium, and nickel to determine the level of these 

metals which would not affect survival, growth, or reproduction. They 

defined this level as a Maximum Acceptable Toxicant Concentration (l1ATC), 

which Sprague (1971) called a "safe" level. From the 96 hour LCSO and 

the MATC, they calculated an application factor for each of the metals. 

Application factors are used to determine what percent of a lethal dose 

should not significantly affect survival, growth, or reproduction of 
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aquatic organisms (Hart, Doudoroff, and Greenbank, 1945; Henderson and 

Tarswe1l, 1957). Eaton (1974) concluded that application factors would 

not be useful in determining water quality standards until more 

information was available on the toxicity of metals in different types 

of water. 

Technical problems with using fish for chronic aquatic bioassays 

include long life histories (9 to 12 months for one chronic study) as well 

as difficulty in establishing breeding populations. Recent work with 

invertebrates (Biesinger and Christensen, 1972; Arthur and Leonard, 1970) 

have overcome some of these difficulties. 

The purpose of this study was to test a rapidly reproducing 

invertebrate and quantify the effects of heavy metals on its reproduction. 

Aeolosorna headleyi Beddard (1888) is a rapidly asexually reproducing 

freshwater oligochaete of the family Aeolosomatidae. It is very easy to 

culture and fairly easy to observe. Because of its short life cycle, 

both acute and chronic data could be obtained in a short period of time. 



, 

LITERATURE REVIEW 

Oligochaetes of the family Aeolosomatidae are small (1 to 10 mm in 

length) freshwater worms which reproduce mostly by asexual fission. They 

are identified by having a small number of segments with imperfectly 

developed septa. Setal bundles are located dorsally and ventrally on most 

segments and contain hair setae. The cerebral ganglia is permanently 

connected with the epidermis. The prostomium is usually broad, is 

ventrally ciliated and the cilia are used in locomotion. The integument 

contains many oil globules which are either colorless or colored 

(Pennak, 1953; Edmundson, 1918). 

Brinkhurst (1969) discussed the phylogenetic relationship of the 

Aeo10somatidae to the other families of Oligochaetes and has decided to 

exclude them from this class. This is because of many irreconcilable 

anomalies between the anatomical (especially reproductive) structures of 

the aeolosomatids and the rest of the oligochaetes. Brinkhurst suggests 

a possible relationship between the Aeo1osomatidae and some of the 

genera of the Archianne1ida. 

Reproduction in Aeolosoma is mainly by asexual pygidial budding, 

although sexual reproduction has been infrequently reported for some 

~ species (StoIc, 1889, 1903; Ditlevsen, 1904; Nelson, 1906; Dehorne, 1916). 

In pygidial budding, a zone is localized in one of the segments toward 

the posterior end (pygidium). The budding segment grows and undergoes 

repeated transverse divisions which results in several new segments 

3 
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(Figure 1). These segments differentiate into a new pygid1al region of 

the parent worm and a new cephalic region of the bud. The two new 

individuals break apart in a process known as scissiparity. If the head 

region is well formed, this scissiparity is called paratomy; and if the 

head is not well formed, it is called architomy (Dales, 1963). 

Herlant-Meewis has published extensively on both scissiparity and 

regeneration of ~ hemprichi (e.g., 1933, 1946, 1950a). This species forms 

long chains of zooids which regenerate depending on where a cut is made. 

~ headleyi normally has two zoo ids in a chain, although sometimes three 

can be found. In the latter case, the most posterior zooid is always the 

first to undergo scissiparity. 

The genus Aeolosoma is world-wide in distribution (Brinkhurst, 1969). 

Following the original report of ~ headleyi by Beddard (1888), there 

have been many subsequent reports of collections and descriptions 
.., 

(Beddard,1889, 1892, 1895; Stole, 1903; Stephenson, 1907, 1923, 1930). 

Aeolosoma sp. have been collected in ponds and lakes (Causey, 1953; 

Harman and Platt, 1961), as well as in large rivers (Maciorowski, 

Benfield, and Hendricks, 1975). 

The first experimental work with Aeolosoma was reported by Kribs 

(1910) who observed the behavior of the worm when it was stimulated with 

various chemicals, including heavy metal sulfates. Localized application 

of "threshold," "normal," and "strong" concentrations of the chemicals 

were made at the cephalic region, pygidial region, and the middle of the 

body. The threshold stimulus of FeS0
4 

(N/lO,OOO) induced exploratory 

movements and contractions of the pharynx as though the worm were 

feeding. Although this concentration was not lethal after 4 days, 



.. 

5 

XII' XV 

dt 

pr 
~'.-'''''' 

--__ ----....II:_I.!;...-.... ~ \ .... ,,~, t··· .. ··· "" \ ':.- .... ..., ............. . • : ······r···'·~· • ..... . · : 
• I"~ '. 

II IV 

f , : : :.r."~ ;. 
- ~ - . ~ - 1· - ~ - i-~' .~~ -- ; - . -- -.~- .. --4-------t---

I • I I .,~ .:~ .... ... .• 

--I--------t--:- .. ~--:. -:- !~- "-> /' : '! 
I 1 I I : ~~ ~? ,.. .'_ ~ - _ ••• , - ... -4--------t----
I I I I J,,!\i ••• 1: .". I 

..,r--___ ~ ......... __ -J ... ..'~ ... ).-....... ..:l' ••••• t 1~'" .~ l . ' .-."q--... .. •••• ,' .. -.r .... -----........ __ 

')( III X IV m X I V 

Figure 1.--Pygidia1 budding in Aeo1osoma. 
m, mouth; pr, prostomium; dt, digestive tract 

[from Pennak, 1953.] 



6 

N/5,OOO was fatal in a few hours. Threshold stimulation with CUS04 

(N/BO,OOO) also caused exploratory movements and was not injurious to 

the worm; N/40,OOO was not lethal in 2 days. A normality of N/40,000 

ZnS04 was fatal within 24 hours. 

The "normal" concentration of FeS04 (N/BOO) induced spiral and 

lateral twisting movements followed by morbidity and a large amount of 

secreted mucus. Worms stimulated with zinc sulfate (N/20,OOO) also 

twisted spirally away from the toxicant, while curling up and rubbing 

the prostomium on the substratum. 

The "strong" stimulus of iron, copper, and zinc (N/400, NIl,OOO, 

and N/2,OOO, respectively) produced "precocious excision of budding 

zooids." Even though many of the worms were immature, the zooid was 

"readily snipped off by the energy of the contraction, or through the 

agency of accentuated peristalis." These offspring recovered the next 

day when placed in clean water. If the stimulus was repeated, the 

parent stock died, but the prematurely excised zooid recovered. 

Kamemoto and Goodnight (1956) and Parker and Kamemoto (1957) 

studied the effect of interactions of calcium, magnesium, potassium, and 

temperature on asexual reproduction in A. hemprichi. They found that 

growth and reproduction had two optimal temperatures. At 30° C there 

was a rapid increase of numbers of individuals for B days, followed by an 

equally rapid decline in numbers after the 10th day. At 20° C, the 

numbers of worms increased less rapidly and leveled off after the 12th 

day. The intermediate temperature, 25° C, seemed inhibitory to 

reproduction and growth. At 20°C there was no significant effect of 

osmotic concentration on asexual reproduction. Small increases in 
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calcium, magnesium, and potassium stimulated a small increase in worm 

numbers at 30° C, but only an increase in potassium was stimulatory at 

20° C. Because of the range of concentrations they used, the effects of 

these cations probably were ionic and not osmotic. 

Some species of Aeolosoma encyst at low temperatures (Beddard, 

1889, 1895; Herlant-Meewis, 1950b). At 6° C in a rich nutritive medium, 

~ hemprichi slows, stops growth, becomes opaque and secretes a mucus 

which hardens to form a transparent cyst. The worm excysts in 15 days 

after warming. 



MATERIALS AND METHODS 

Cultures of Aeolosoma headleyi were purchased from Carolina 

Biological Supply Company (Burlington, North Carolina). All cultures 

were kept in a defined soft synthetic water (modified from Cairns and 

Scheier, 1957; Table 1). One hundred ml of 200 X stock solutions were 

mixed in 20 1 of glass distilled water. Then the synthetic water was 

bubbled with CO2 until the calcium and magnesium salts dissolved, and 

was then bubbled with air for at least 12 hours to raise the pH and to 

oxygenate the water. 

The culture medium was made from the synthetic water by mixing 

19 parts synthetic water with 1 part concentrated trout chow suspension. 

This suspension was made by blending 3 grams of finely ground trout chow 

(Trout Chow #3, Ralston-Purina Co., St. Louis, Missouri) in 200 ml of the 

synthetic water. This solution was autoclaved, passed through a fine 

bolting cloth, and stored in a refrigerator. 

Stock Aeolosoma cultures were kept in 13 cm diameter glass culture 

bowls. One-half of the culture was replaced with dilute trout chow once 

a week. Periodically, high algal growth necessitated the replacement of a 

stock culture. Except as noted, all experiments were begun on the day the 

cultures were fed. Most experiments were performed in syracuse watch 

glasses. 

Stock cultures and the experimental containers were maintained at 

20 0 ± 10 C in a Sherer, Model Cel 4-4 Environmental Chamber (Sherer 

Division, Kysor Industries Corporation, Marshall, Michigan). Temperature 

8 
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a Table l.--Chemical composition of the synthetic water 

Compound Concentration (gIl) 

KCl 1.46 x 10-2 

NH4N03 
3.60 x 10-3 

NaHC0
3 2.30 x 10-2 

H2Si0
3 

1.00 x 10-2 

Fe Citrate 2.00 x 10-5 

CaCo
3 2.00 x 10-2 

CaS04 3.44 x 10-2 

MgS04·7H2O 2.46 x 10-2 

a See text for preparation of the synthetic water. 
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was recorded with a Tempscribe (Bacharach Instrument Company, Pittsburgh, 

Pennsylvania). The photoperiod was l2L:12D and the light intensity was 

approximately 70 foot-candles from two General Electric 20 W Cool White 

Deluxe fluorescent bulbs. Light quality was measured once a month with 

an ISCO model SR spectroradiometer and the bulbs replaced every two 

months. Usually worms were acclimated to these conditions for at least 

7 days. All tests were static as opposed to continuous flow, and the 

toxicant was not renewed. All observations were done with a Wild 

Model M5 Stereomicroscope. 

In those experiments where the concentrations of zinc, calcium, and 

magnesium in the water were measured, the samples were prepared by pouring 

the test solution (after the worms had been removed) into a centrifuge 

tube and centrifuging for I hour at 2,200 rpm. The supernatant volume 

was measured and preserved with a 1:1 dilution of 0.2 N nitric acid. The 

pellet of particulate material was digested with 2 ml reagent grade 

hydrochloric acid and diluted with 2 ml glass distilled water. To 

determine if the three metals were absorbed or adsorbed by the glass, 

mucus, and bacteria, 5 ml of a 0.2 N nitric acid solution was added to 

the empty test container and saved for later analyses. 

Worms were prepared for analysis by washing in synthetic water and 

distilled water. Then they were rapidly frozen and freeze-dried in a 

lyophilizer. The weights of the worms were measured on a modified quartz 

fiber ultramicrobalance (Lowry, 1941; Rutherford, personal communication). 

All worms subjected to a specific concentration of metal and period of 

time were pooled and acidified with 2 ml concentrated nitric acid, and 

then diluted 1:1 with glass distilled water. 
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Metal concentrations were determined with a Unicam Model SP90 

atomic absorption spectrophotometer. All pH readings were made on a 

Radiometer Copenhagen Model 27 pH meter using a microelectrode 

(Radiom~ter Copenhagen, Type E). 

In those experiments in which the change in numbers of a mixed age 

group population was observed, the data were expressed as percent changes 

in numbers relative to the number of worms at time zero (= 100%). These 

numbers were arcsine transformed and a single classification analysis of 

variance was performed (Sokal and Rholf, 1969). When a significant 

group effect was found, a Duncan's mUltiple range test was performed. In 

all cases, the groups were determined from introduced, unmeasured 

concentrations of the metal. Unless otherwise stated, all tests were 

done at the' 0.05 level (p < 0.05). 

The experiments can be classified into five groups: (a) preliminary 

bioassays with heavy metals, (b) bioassays with zinc on populations of 

unknown age structure, (c) bioassyas with pH, (d) a bioassay on the 

length of time to asexual reproductive maturity, and (e) bioassays where 

the effect of zinc on length of. time between zooid scissiparity was 

measured. 

Preliminary Bioassays 

The 11 preliminary bioassays were performed with the chloride and 

sulfate salts of zinc, cadmium, nickel, cobalt, and copper, as well as 

with potassium dichromate. From the stock cultures of Aeolosoma, 

approximately 8 worms and 1 ml of culture medium were pipet ted into a 

watch glass and 3 ml of the dilute trout chow was added. At time zero, 
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1 ml of a specific concentration of the metal salt was added, which was 

diluted by the 4 m1 to give the desired concentration. The total volume 

was 5 mI. Three replicates were studied at each of the following 

introduced concentrations of metals: 0.0, 0.001, 0.01, 0.1, 1.0, 10.0, 

and 100.0 ppm. All animals were acclimated for at least 7 days, except 

those tested in CdC12 and NiS04 , which were tested after two days 

acclimation. After 48, 96, and 144 hours, the worms were counted and the 

number of worms forming a new zooid were also recorded. 

Bioassays with Zinc Chloride 

Two bioassays with zinc chloride were designed in a similar manner 

to the preliminary bioassays. At each concentration (0.0, 0.01, 0.05, 

0.1, 0.5, 1.0, and 5.0 ppm in part 1, sublethal range; 0.0, 1.0, 3.0, 

5.0, 7.0, and 10.0 ppm in part 2, lethal range) of zinc, 9 replicates 

were begun. After each counting, one replicate at each zinc concentration 

was harvested at 0,24,48,96, and 144 hours. From these samples,'worms 

were freeze-dried and weighed. The worms from each concentration and 

time period were pooled together for digestion and metal analyses. The 

pH was taken at each concentration and time period. After 144 hours, the 

number of worms in the remaining four replicates were counted at 

irregular intervals for another two weeks. Metal analyses for the stock 

solutions for each bioassay are shown in Table 2. 

pH Bioassays 

The bioassays with pH as a toxicant were performed in a similar 

manner. Stock pH solutions were prepared with HCl or NaOH. Calcium and 

magnesium analysis of these solutions is shown in Table 2. Eight 
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Table -++ -++ -++ 2.--Concentrations of Zn ,Ca ,and Mg in stock solutions for 
pH bioassays and ZnC12 bioassays 

(sublethal and lethal ranges) 

pH ++ [Zn ] (ppm) ++ [Cu ] (ppm) -++ [Mg ] (ppm) 

Acid range: 

5.9 10.5 2.53 
6.9 13.1 3.13 
8.4a 10.2 2.54 

Basic Range: 

8.5a 13.0 2.72 
9.7 10.5 2.48 

10.0 8.9 2.48 

Calculated Actual 
[Zn++] (ppm) [Zn++1 (ppm) [Cu++] (ppm) [Mg++] (ppm) 

ZnC12 Sublethal 
Range: 

O.Oa 0.00 12.0 2.64 
0.05 0.04 10.5 2.68 
0.25 0.36 11.0 2.60 
0.50 0.60 11.9 2.62 
2.50 2.64 11.0 2.64 
5.00 4.72 11.3 2.58 

25.00 27.10 11.6 2.70 

ZnC12 Lethal 
Range: b 

O.Oa 0.16 9.2 3.16 
5.0 4.76 10.7 2.86 

15.0 10.80 11.9 2.70 
25.0 24.0 11.6 2.98 
35.0 35.0 11.0 3.09 
50.0 48.0 10.9 2.99 

a Control. 

b Preserved ++ in nonpyrex glassware subject to leaching of Zn • 
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replicates for each pH and nine controls were begun. One culture from 

the control was used to determine the metal concentrations at time zero. 

At 24, 48, and 96 hours, the number of worms was counted for all 

remaining replicates, and one replicate was harvested for each time 

period. and concentration for metal analysis. The pH was read at each 

concentration and time period. 

Time to Reproductive Maturity 
Experiment 

For the prereproductive time experiment, a small number of 

individual immature worms which had just undergone scissiparity from 

the parent stock were subjected to a range of introduced zinc concentra-

tions and were observed periodically for reproductive maturity (i.e., 

scissiparity of the first zooid). No pH or metal measurements were made. 

Time Between Zooid Scissiparity 

For the three experiments in which the effects of zinc on the time 

between scissiparity was measured, mature (reproducing) individual worms 

were isolated in plastic spot plates and were observed until scissiparity 

(Figure 2). At that point (in Experiment A and part I of Experiments B 

and C), the parent stock was placed in a syracuse watch glass with 4 ml 

of dilute trout chow and 1 ml of a specific 5 X concentration of zinc was 

added. The actual concentrations of zinc, calcium, and magnesium in the 

stock solutions are shown in Table 3. Worms were observed every 2 to 3 

hours to see if another zooid had been produced. The length of time in 

hours between the introduction of zinc and scissiparity was recorded. 

For Experiment A and parts I and 2 of Experiment C, the time until 
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Table 3.--Stock solutions for time between zooid scissiparity, experiments 
A, B, and C 

Calculated Heasured 
Name of [Zn++] (ppm) [Zn++] (ppm) Measured Measured a 5x Solution 5x Solution [Ca++] (ppm) [Mg++] (ppm) Experiment 

Time between 
zooids, exp. 1 

O.OOb 0.01 9.80 2.28 
0.05 0.09 8.90 2.28 
0.50 0.30 8.70 2.19 
2.50 1.85 8.90 2.26 
5.00 4.25 9.50 2.24 

25.00 8.50 2.18 

Time between 
zooids, expo 2 

O.OOb 0.00 6.85 1.30 
35.00 34.30 7.10 1.33 

Time between 
zooids, expo 3 

O.OOb 0.00 14.00 2.49 
0.05 0.05 13.80 2.48 
0.25 0.18 13.80 2.46 
0.50 0.44 13.80 2.48 
2.50 1.80 13.70 2.44 
5.00 4.33 13.70 2.50 

25.00 22.66 14.30 2.52 
35.00 34.00 14.50 2.58 
60.00 54.00 13.70 2.49 

120.00 107.00 13.40 2.49 
180.00 172.00 13.40 2.49 

aSee text. b Control. 



17 

scissiparity of another subsequent zooid was also recorded. For part 1 

of Experiment B, a large number of worms were exposed to both 0.0 and 

7.0 ppm zinc. Immediately after scissiparity, the immature zooids and 

'the parent stock were separated, washed, frozen, freeze-dried, weighed, 

and then the lot for each zinc concentration was pooled for later 

analyses of metal concentrations. 

In part 2 of Experiments Band C, there was a 36 hour time lag 

between observed scissiparity and the introduction of zinc (Figure 2). 

This 36 hour wait was to allow the parent stock to replenish their 

metabolic reserves before determining the effect of zinc on their 

reproduction. 

In Experiments Band C, a few replicates were harvested for analyses 

of the metals in the water, particulates, and glass-mucus-bacteria 

component. This was done both immediately after zinc addition and after 

scissiparity of the zooid. The pH was also measured. 

To analyze these experiments, a linear model was assumed between 

the log of the zinc concentration and the time between zooid scissiparity 

and a simple linear regression was performed. 



RESULTS AND DISCUSSION 

Preliminary Bioassays 

The 11 preliminary bioassays with the chloride and sulfate salts 

of zinc, cadmium, nickel, cobalt, and copper, as well as potassium 

dichromate, were conducted to initially discover what types of 

reproductive responses Aeolosoma would exhibit. The results for all 11 

bioassays are graphically presented in Figures 3 to 13. The relative 

toxicity of the sulfates from highest to lowest was copper, cadmium, zinc, 

cobalt, and nickel. From highest to lowest, the toxicity of the chloride 

salts was copper, zinc, cadmium, nickel, and cobalt. Sublethal 

concentrations of CdS04 (Figure 8), CoC12 (Figure 9), NiC12 (Figure 11), 

and K2Cr207 (Figure 13) either had no effect on reproduction or inhibited 

it. The other bioassays had at least one sublethal level of the metal in 

which reproduction was stimulated. For ZnS04 (Figure 4), CuC12 (Figure 5), 

CdC12 (Figure 7), CoS0
4 

(Figure 10), and NiS04 (Figure 11), the 

stimulatory effect after 144 hours was not significant when they were 

compared with Duncan's mUltiple range test. However, 0.01 ppm ZnC12 

(Figure 3) and 0.001 and 0.01 ppm CUS04 (Figure 6) significantly 

stimulated reproduction after 144 hours. 

Stimulation of reproduction by addition of heavy metals has been 

reported for Daphnia magna by Biesinger and Christensen (1972) and for 

fish (Shaw and Brown, 1971; McKim and Benoit, 1971; Brungs, 1969; and 

Pickering and Gast, 1972). 
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Another apparent, but not significant, stimulation of ~ headleyi 

was the reproductive peak caused by 1.0 ppm cadmium sulfate at 48 hours, 

which was followed by a sharp decline in numbers by 96 hours (Figure 8). 

Behavioral observations demonstrated that the worms were initially 

"provoked" by the high sublethal concentrations into forming a tight 

"ball. 11 Perhaps this behavior is of protective significance. lfuen a 

strong light was applied, they separated from each other. After a longer 

period of time, the worms slowed and did not feed or show gregarious 

tendencies. Aeolosomatids usually secrete large amounts of mucus which 

they use to concentrate particulate matter into a ball. Animals under 

severe stress either lost the ability to do this or had a decrease in 

mucus production. 

Bioassays With Zinc Chloride 

Because of previous significant results, the experiment with zinc 

chloride was repeated with a larger number of replicates and a narrower 

range of concentrations, so that pH, metal concentrations in the water, 

particulates, worm tissue, and glass-mucus-bacteria components could be 

measured. Weights of the worms were also measured. The experiments were 

performed to determine (a) repeatability, (b) if there was a concentration 

at which numbers would initially peak and then drop off, as was found with 

cadmium, and (c) if zinc was concentrated in the worm, particulates, or 

glass-mucus-bacteria fractions. 

The results for the two experiments are shown in Figures 14 and 15 

and in Tables 4 and 5. At the concentrations below 7.0 ppm (the 

approximate 96 hour LC50) , there was no difference among any of the 
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Table 4.--ZnC12 bioassay, sublethal range: 

Concentration 
of Zn* Time Change in Numbers 

(ppm) (hrs) (as %) ± S.E.a 

0 100.O± 0.00 

O.Ob 
24 97. 2.69 
48 l14.1± 6.49 
96 170.S±11.42 

144 253.9±18.78 

0 100.0± 0.00 
24 103.2± 3.50 

0.01 48 109.2± 5.94 
96 165.3±lO.57 

144 244.5±10.65 

0 100.0± 0.00 
24 10l.4± 1.39 

0.05 48 118.2± 6.69 
96 176.6±14.41 

144 251.1±27.23 

0 100.0± 0.00 
24 104.2± 3.77 

0.1 48 125 .. 3± 4.46 
96 169.9± 9.84 

144 263.3±12.25 

mean change in numbers (as %), mean pH, and mean dry weight 
of worms 

Mean Dry ~vgt. Worms 
N pH N (llg) ± S.E.a N 

9 8.22 6 4.44±O.34 13 
8 8.51 6 6.34±1.Ol 10 
7 8.70 6 6.69±O.83 10 
6 8.56 6 4.95±0.64 14 
5 8.55 5 6.33±0.65 11 

9 8.37 6 S.5l±0.64 11 
8 8.53 6 7.66±1.47 6 
7 8.65 6 7.84±O.62 11 
6 8.56 6 6.73±O.7l 14 
5 8.57 5 4.30±O.37 19 

9 8.26 6 7.l5±0.55 11 
8 8.63 6 5.84±0.70 9 
7 8.70 6 6.67±1.01 9 
6 8.55 6 5.24±0.69 16 
5 8.55 5 7.21±1.52 8 

9 8.26 6 4.46±0.57 10 
8 8.63 6 6.98±1.41 8 
7 8.66 6 7.25±1.04 8 
6 8.50 6 6.04±0.73 15 
S 8.53 5 6.20±1.O4 11 

a b S.E. = standard error of mean. Control. 

w 
w 



Table 4--Continued 

Concentration 
of Zn++ Time Change in Numbers 

(ppm) (hrs) (as %) ± S.E. a 

0 100.0 0.00 
24 108.5 2.92 

0.5 48 118.2 4.55 
96 166.3 4.22 

144 240.6 8.07 

0 100.0 0.00 
24 104.1 2.75 

1.0 48 115.0 6.06 
96 185.7 12.30 

144 253.1 23.77 

0 100.0 0 .. 00 
24 103.6 3.96 

5.0 48 111.8 4.87 
96 157.0 9.57 

144 206.8 17.55 

as•E• = standard error of mean. 

N pH N 

9 8.16 6 
8 8.60 6 
7 8.58 6 
6 8.61 6 
5 8.50 5 

9 8.15 6 
8 8.60 6 
7 8.58 6 
6 8.65 6 
5 8.47 5 

9 7.82 6 
8 8.34 6 
7 8.32 6 
6 8.43 6 
5 8.45 5 

Hean Dry Wgt. Worms 
(llg) ± S.E.a 

6.15 0.66 
6.28 1.08 
8.24 1.03 
6.42 0.70 
4.10 0.51 

6.23 0.76 
4.49 0.45 
6.77 0.96 
7.15 0.96 
4.60 0.62 

5.18 0.82 
7.86 0.61 
3.60 0.49 
4.40 0.49 
4.38 0.57 

N 

9 
9 

12 
17 
14 

9 
10 
10 
15 
17 

13 
10 

9 
15 
17 

w 
.z::o.. 



Table S.--ZnC12 lethal range: 'mean change in numbers (as %), mean pH, and mean dry weight of worms. 

Concentration 
of Zn++ Time Change in Numbers Mean Dry Wgt. Worms 

(ppm) (hrs) (as %) ± S.E.a N pH N (l-lg) ± S.E.a N 

0 100.0± 0.00 9 8.61 S S.IS±0.81 9 
24 llS.S± 4.73 8 8.77 6 S.90±0.84 11 

0.0 48 129.7± 6.04 7 6.25±0.95 10 
96 l62.1± 9.40 6 4.94±0.63 14 

144 22I.0±11.OO 5 8.96 5 4.l6±0.54 11 

0 100.0± 0.00 9 8.39 6 4.26±O.59 13 
24 109.l± 5.45 8 8.67 6 7.22±O.99 12 

1.0 48 l31.3± 8.09 7 5.66±O.76 10 
96 167.8±12.77 6 6.02±1.19 13 w 

144 2l8.l±13.23 5 8.86 5 3.91±0.72 13 V1 

0 100.0± 0.00 9 8.12 6 5.l8±1.05 11 
24 97.8± 7.69 8 8.42 6 7.16±1.26 10 

3.0 48 125.2±13.53 7 6.34±0.69 11 
96 154.5±13.48 6 5.45±0.67 10 

144 191.2±19.34 5 8.81 5 3.86±0.99 8 

0 100.0± 0.00 9 7.94 6 5.53±0.89 9 
24 102.8± 3.83 8 8.20 6 S.62±0.8S 8 

5.0 48 l37.9± 7.12 7 6.67±0.86 18 
96 167.6± 7.65 6 4.58±0.78 14 

144 I86.8±15.45 5 8.84 5 4. 61±0. 80 9 

a S.E. = standard error of mean. 



Table 5--Continued 

Concentration 
of Zn++ Time Change in Numbers Mean Dry Wgt. Worms 

(ppm) (hrs) (as %) ± S.E. a N pH N (llg) ± S.E.a N 

0 100.0 0.00 9 7.78 6 6.39 1.05 10 
24 109.6 7.68 8 7.99 6 6.10 0.75 8 

7.0 48 123.9 8.47 7 5.81 0.72 13 w 
0'\ 

96 68.4 12.41 6 6.35 0.62 4 
144 42.1 14.03 5 8.82 5 5.63 0.09 2 

0 100.0 0.00 9 7.66 6 5.50 0.63 17 
24 109.4 5.18 8 7.79 6 5.59 0.84 11 

10.0 48 71.6 8.79 7 4.52 0.72 10 
96 0.0 0.00 6 0 

144 0.0 0.00 5 8.57 5 0 

a S.E. = standard error of mean. 
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groups for the first four days, but by the sixth day in both experiments 

the replicates at 5.0 ppm had a slower rate of increase in numbers. By 

the eighth day there was a slight increase in numbers at the 0.05 ppm 

concentration, but the increase was not significantly different from the 

control. The number of worms leveled off for both the control and the 

0.05 ppm group after the tenth day_ The 0.01 and 0.1 ppm levels seemed 

stimulatory after the tenth day, but the values were not significantly 

different from the controls. At the higher concentrations, the 

populations seemed to peak out after a length of time, dependent upon 

their concentration. The populations at 0.5 ppm peaked out after 

eight days, at 1.0 ppm after six days, the replicates at 3.0 and 5.0 ppm 

after four days, and that at the 7.0 ppm level after two days. The 

cultures at 10.0 ppm inereased in numbers for one day, followed by a 

quick decline and 100 percent mortality after four days. 

The change in pH through time is shown in Figures 16 and 17. When 

trout chow was introduced into the water, the pH tended to drop. The 

addition of zinc also lowered the pH; the pH values for the cultures at 

5.0 ppm zinc and at greater concentrations were significantly different 

from the control. Through time, the pH of the cultures increased, and 

by day 6 all pH values (except cultures at 10.0 ppm) were approximately 

the same. 

The dry weights of the worms taken from each harvested replicate 

at each concentration and time are shown in Tables 4 and 5. The initial 

average weights of the worms were not significantly different, but 

ranged from 4.26 ± 2.11 ~g for 1.0 ppm zinc exposed worms to 7.15 ± 1.84 ~g 
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for the worms expressed to 0.05 ppm of zinc. Through time, there were 

no significant changes in the average dry weight of the worms, but at 

concentrations below 1.0 ppm the average weights were greatest at 48 hours. 

At higher zinc levels, the average weights fluctuated unpredictably 

through time. 

The concentrations of zinc in the water, glass-mucus-bacteria 

fraction, particulates, and worms (Table 6) depend upon the introduced 

concentration of zinc. A large proportion of the zinc was found in the 

particulates and glass-mucus-bacteria component. A correspondingly 

smaller amount was in the water. The worms did not absorb or adsorb 

large amounts of zinc. Due to the small amount of tissue preserved, the 

readings for the worms were highly variable. In some cases, samples 

were preserved in glassware which was subject to leaching of zinc. The 

most obvious trend in the data was that the amount of zinc in the glass­

mucus-bacteria fraction increased through time at the higher concentrations 

of zinc. 

Mucus which coats the gills and body of fish has been shown to 

coagulate in the presence of zinc and to possibly adsorb large amounts of 

the metal. Coagulation of the mucus on fish gills has been cited as a 

possible mode of toxicity (Carpenter, 1927; Jones, 1938; Cairns and 

Scheier, 1957). 

pH Bioassays 

The large zinc induced pH changes suggested a subsequent study on 

the effect of pH on reproduction (Figure 18 and Table 7). At a pH of 11.7, 

all the worms were dead after 24 hours; at a pH of 9.7 or 10.0, there were 



Table 6.--Zinc concentrations in water, glass-mucus-bacteria, particulates, and worm for each 
introduced concentration of zinc; zinc chloride 

bioassays, parts 1 and 2 

Avg. [Zn++] Avg. [Zn++] 
Introduced water (ppm) glass-mucus-bacteria 
[Zn*] (ppm) N ± S.E.a (ppm in 5 ml) ± S.E. 

Avg. [Zn++] Avg. [Zn*] worm 
particulates (pg/g dry wt. 10-2) 

(ppm in 4 ml) ± S.E. ± S.E. 

O.Ob 10 0.12±O.07 O.16±0.07 0.15±0.OB 0.47±O.11 

0.01 5 O.02±0.15 0.OB±O.02 O.O5±0.Ol O.42±0.08 

0.05 5 O.OB±O.02 O.O7±0.01 0.l5±0.lO 0.50±0.11 

0.10 5 0.11±0.03 0.15±0.01 0.lO±O.02 0.5l±0.07 
.;:-. .... 

0.5 5 O.20±0.04 0.39±0.O3 O.14±O.01 0.45±0.O7 

1.0 10 0.3B±0.05 0.62±0.05 0.29±0.07 O.48±0.12 

3.0 5 1.7l±0.27 1.39±0.33 0.87±0.lB O.SO±O.ll 

5.0 10 2.62±0.18 1.B7±0.19 O.95±O.12 0.43±O.O5 

7.0 5 4.17±0.29 2.17±0.33 l.28±0.16 0.64±O.16 

10.0 5 6.20±0.59 2.60±O.54 1.88±O.23 O.2l±O.10 

as .E• = standard error of means. b Control. 



2.00 

150 

-ac 
.-
10 -e 
~ 
G) 

..a 100 
E 
:» 

Z 
c: 
G) 
0-
c: 
~ SO 
(.) 

pH Bioassays (Acid and basic ranges) 

,~ 
It l-.CIO CO'!~)-'-

ft~~'-""""-"'~ 
----~. _~-------- -=--..=::::::::==- _ ,2!!.. ~ ~Sl!i-c.2!!!'!!!!=!-_" /_.-.--._._._0 

~_ /0 ~11 e:r 

. -... ~. -.-.. .:::~!~ ______ ftH 10.0 -------------~--------------~ 

0' 'I 
o 24 48 96 

Time (hours) 

Figure 18.--The change in numbers of Aeolosoma (%) through time. (hrs) 
as a function of pH; pH bioassays, acid and basic ranges. 

~ 
N 



43 

Table 7.--pH Bioassays: acid and basic range 

Mean 
pH at Time Change in Nos. Mean 
Time a (hrs) (as %) ± S.E.a N pH N 

0 100.0 0.0 9 5.9 6 

5.9 24 0.0 0.0 8 7.1 6 
48 0.0 0.0 7 7.4 6 
96 0.0 0.0 6 7.7 6 

0 100.0 0.0 9 6.9 6 

6.9 24 120.0 2.6 8 7.4 6 
48 129.0 4.4 7 8.5 6 
96 166.9 7.3 6 8.7 6 

0 100.0 0.0 9 8.4 6 

8.4b 24 108.5 4.2 8 8.6 6 
48 119.4 7.8 7 8.6 6 
96 150.9 11.8 6 8.6 6 

a 100.0 0.0 9 8.5 6 

8.sc 24 109.2 3.2 8 8.6 6 
48 117.6 4.1 7 8.8 6 
96 133.2 6.1 6 8.6 6 

0 100.0 0.0 9 9.7 6 

9.7 24 78.2 22.9 8 8.6 6 
48 111.3 3.2 7 8.7 6 
96 129.2 7.3 6 8.6 6 

0 100.0 0.0 9 10.0 6 

10.0 24 85.3 13.1 8 8.8 6 
48 77.2 9.8 7 8.8 6 
96 97.8 18.9 6 8.7 6 

0 100.0 0.0 9 11.7 6 

11.7 24 0.0 0.0 8 
48 0.0 0.0 7 
96 0.0 0.0 6 

a S.E. = standarad error of mean. b Acid control. 

c Basic control. 
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initial decreases in numbers of worms, but subsequently the populations 

recovered or increased slightly. An acid pH of 5.9 was lethal after 

24 hours; however, a pH of 6.9 stimulated reproduction slightly. 

From these results, it might be concluded that any stimulation of 

worms by zinc might be an effect of pH. Perhaps the neutral (6.9) pH 

was optimum for reproduction and the pH at which the controls for the 

metal experiments were conducted (c. 8.5) was suboptimal. However, zinc 

concentrations below 1.0 ppm do not significantly change the pH of the 

water, but did significantly affect reproduction. Probably the zinc 

stimulation of reproduction was not a function of pH. 

Time to Reproductive Maturity 

Because the previous experiments were conducted with worms of 

unknown age, the variability in the results might be reduced if 

subsequent stadies were conducted with worms of known age and maturity. 

Mature worms were isolated in spot plates and observed until scissiparity. 

The immature offspring were placed in watch glasses with 4 m1 trout chow 

and 1 m1 of a 5 X toxicant to give 0.0, 0.01, 0.1, 0.5, 1.0, and 5.0 ppm 

zinc. There were no metal analyses or pH measurements made. As can be 

seen (Table 8), 5.0 ppm was lethal to all but one of the test worms. One 

immature worm each at 0.5, 1.0, and 5.0 ppm never reached reproductive 

maturity during the test. The prereproductive time of the control 

averaged 10.6 days. The time until scissiparity was shortened for 

increasing concentrations of zinc in the replicates which reproduced. 

In the mixed age group populations, 5.0 ppm zinc did not affect 

reproduction until the eighth day (Figures 14 and 15). In this study, 
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Table 8.--Time to reproductive maturity experiment 

++ 
Time until 

Introduced [Zn ] Scissiparity x 
(ppm) (hrs) (hrs) 

O.Oa 
193.00 
286.00 254.0 
283.00 

0.01 236.00 243.0 250.00 

0.1 215.00 241.0 267.00 

0.5 176.00 176.0b 
never reproduced 

1.0 168.00 168.0b 
never reproduced 

died 

5.0 
died 
died 

never reproduced 

a 
Control. 

b . 
Excluding times for worms which never reproduced. 
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the 5.0 ppm zinc was toxic to the immature worms. Generally young 

animals are more sensitive to toxicants than are other life stages. 

Newly hatched gammarids were more sensitive to copper than the adults 

(Arthur and Leonard, 1970). Sullivan (1973) found that newly hatched 

Phi10dina were more sensitive to many metals than either the egg or the 

adult. Brungs (1969) found that the young of the fathead minnow 

(Pimephales prome1as) were more sensitive to zinc than the adults and 

McKim and Benoit (1971) found that the brook trout (Salvelinus fontinalis) 

fry were more sensitive to copper than the adults. 

Time Between Zooid Scissiparity 

The major emphasis of the remaining studies was on the effect of 

zinc on the time needed between scissiparity of zooids of the mature 

worms. The experimental design of the three experiments is shown in 

Figure 2. In Experiment A (Table 9 and Figure 19), the control took 

66 hours to produce the first bud. As zinc concentrations increased, 

this time was significantly shortened. The slope of a regression 

analysis was significantly negative (p = 0.01). At 5.0 ppm, the worms 

took 48 hours to reproduce. An analysis of variance indicated that both 

the 0.05 and 5.0 ppm concentrations were significantly different in 

effect from the control. The reproduction in the 1.0 ppm zinc was 

similar to the control. The second bud produced under these conditions 

showed no significant trends; however, there was a slightly positive 

slope. Low levels of zinc still slightly stimulated scissiparity. The 

stimulated change in numbers of zinc exposed populations in the preliminary 

bioassays can be explained by this stimulation of both the first and 

second scissiparity at low zinc levels. 



Table 9.--Time between zooid scissiparity, experiment A.
a Time between sCissiparity (hrs) , mean ± S.E.b 

Control O.Olppm Zn++ 0.05ppm Zn++ O.lppm Zn++ 0.5ppm Zn++ 1.Oppm Zn++ 5.0ppm Zn++ 

First 
zooid: 84.25 63.50 66.00 44.00 50.75 68.25 52.75 

57.75 55.25 54.25 57.75 70.50 67.50 44.25 
62.00 59.50 68.00 66.50 61.75 61.75 42.75 
84.00 65.75 53.25 63.50 55.75 52.50 48.00 
43.25 65.75 52.25 59.75 41.25 56.25 60.25 
63.50 74.00 42.75 47.50 67.75 59.75 37.75 
77.50 34.50 67.75 57.75 50.00 
56.25 
62.75 

x=65.7 x=64.0 x=53.0 x=58.1 x=57.9 x=6l.0 x=48.1 
±4.59 ±2.60 ±4.48 ±3.47 ±3.79 ±2.53 ±2.73 ~ ..... 

N=9 N=6 N=7 N=7 N=7 N=6 N=7 

Second 
zooid: 75.00 58.50 48.50 51.75 48.25 49.25 54.75 

80.25 53.50 73.00 64.25 67.25 51.25 70.25 
56.50 54.00 59.00 72.50 48.50 39.75 53.25 
48.75 61.50 45.00 70.50 43.50 60.00 77.25 
84.75 59.75 60.00 77.50 55.25 72.00 101.20 
62.50 79.00 75.00 80.00 81.50 82.75 
43.50 49.75 57.25 77.50 
51.00 
80.00 

x=64.7 x=61.0 x=60.1 x=66.6 x=57.4 x=6l.8 x=7l.3 
±5.2 ±3.82 ±5.01 ±4.52 ±4.97 ±6.07 ±8.75 

1'1=9 N=6 N=6 N=7 N=7 N-7 N=5 

a 
ZnCl2 was added immediately after prior scissiparity. Individuals were timed until the 

scissiparity of the next two zooids. bS.E. = standard error of mean. 
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The results for Experiment B are shown in Table 10. A large 

number of mature individuals were exposed to 0.0 and 7.0 ppm zinc. The 

purpose of the experiment was (a) to produce a large tissue sample for 

metal analysis so that possible concentration of zinc in the parent or 

offspring could be measured, (b) to see if the regression model was 

still linear at a higher concentration of zinc. In contrast to the 

results of Experiment A, the worms exposed to 7.0 ppm zinc took longer 

to reproduce than the controls. However, the controls took much longer 

to reproduce than the controls in Experiment A. These worms may not 

have had metabolic reserves for reproduction as they probably had in the 

previous experiment. Therefore, in part 2 of Experiment B (Table 10), a 

36 hour time lag between known scissiparity and the addition of zinc was 

allowed so that metabolic reserves could be renewed for reproduction. 

The 36 hour period was chosen because in Experiment A, the shortest 

period between zooids was 39 hours. The results show that 7.0 ppm zinc 

was slightly stimulatory compared to the controls, and was more 

stimulatory (although not significantly) than the previous 7.0 ppm in 

part I of this experiment. The average dry weight of the worms. 

(Table 10) is decreased for the adult and the offspring after exposure to 

7.0 ppm zinc. A decrease in size for zinc and lead exposed guppies was 

reported by Crandall and Goodnight (1962, 1963). This difference was 

due to a decreased growth rate in the fish exposed to the metals. 

Biesinger and Christensen (1972) reported that Daphnia magna were smaller 

after exposure to zinc. 

In Experiment C, individuals were exposed to a wide range of zinc 

concentrations (0.0, 0.01, 0.05, 0.1, 0.5, 1,0, 5.0, 7.0, 12.0, 24.0, and 



Table 10.--Time between zooid scissiparity, experiment B (part 1 and part 2); mean time between scissi­
parity, mean dry weight of worms, and pH range of test water 

++ [Zn ] (ppm) 

Part 1: 

no time lag 

Part 2: 

36 hr time 
lag 

a Control. 

O.Oa 

7.0 

O.Oa 

O.Oa 

7.0 

7.0 

O.Oa 

O.Oa 

7.0 

7.0 

Age of Zooids 
and 

Time Sample Taken 

mature zooid at 
time zero 

mature zooid at 
time zero 

parent zooid after 
scissiparity 

immature zooid 
after scissiparity 

parent zooid after 
scissiparity 

immature zooid 
after scissiparity 

parent zooid after 
scissiparity 

immature zooid 
after scissiparity 

parent zooid after 
scissiparity 

immature zooid 
after scissiparity 

Mean Time 
Mean Dry Wgt. between 

<JJg) ± S.E. N pH Range N Scissiparity(hrs) N 

7.27±0.56 6 

8.43±0.41 6 

10.65±1.07 10 
8.48-8.78 2 76.8±4.38 15 

3.64±0.31 10 

7.17±0.90 10 
7.55-8.68 8 83.3±8.63 11 

1.95±0.24 16 

10.16±0.58 15 
8.50-8.62 3 75.8±2.78 16 

3.54±0.13 13 

7.06±0.39 13 
7.70-8.35 3 75.7±3.62 20 

2.22±0.12 10 

V1 o 
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36.0 ppm). In part 1 there was no time lag (Figure 20). Although there 

was a slight decrease in time between production of zooids with an 

increase of zinc concentration, the regression slope was not significantly 

different from zero. The worms at 12, 24, and 36 ppm died before 

undergoing scissiparity (Table 11). The production of the second zooid 

by the surviving worms was significantly inhibited by increasing zinc 

concentration, although small amounts of zinc (0.01 and 0.1 ppm) still 

seemed to slightly stimulate scissiparity. 

In part 2 of Experiment C, a 36 hour time lag was allowed so that 

the worms might renew metabolic reserves. The results for, the first 

zooid (Table 12 and Figure 21) were quite similar to Experiment A. 

Again the regression was significantly negative and had a pe,ak at 1.0 ppm. 

Even at 12, 24, and 36 ppm, the zooids seemed to reproduce within a few 

hours and then die. In a few instances, the parent stock died while the 

posterior zooid was still attached, leaving the bud alive for a, short 

time longer. In all cases at these high concentrations, the immature 

zooid survived a little longer than the parent stock. This was hard to 

reconcile with the apparent sensitivity of the immature zooids in the 

prereproductive experiment. However, in that case there was no previous 

exposure to zinc and in this experiment the zooid had been exposed to 

zinc for' at least a few hours. All attempts to put the newly excised 

zooids into clean synthetic water resulted in the worm dying shortly 

afterwards. It appeared that the worms had burst. 

The worms which survived took much longer for scissiparity of the, 

second zooid under zinc stress. However, 0.01, 0.05, and 0.1 ppm still 

seemed to stimulate the second zooid. 
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Table ll.--Time between zooid sCissiparity, E~~:~i:e~~E~b Part l.a Time between scissiparity (hrs), 

Control O.Olppm Zn++ 0.05ppm Zn++ O.lppm Zn++ 0.5ppm Zn++ 

First zooid: 
115.50 84.25 110.25 110.25 73.25 

81.00 119.00 68.25 93.50 47.00 
66.75 120.50 70.75 105.00 89.00 

108.50 99.50 98.50 98.50 93.25 
106.50 99.50 110.75 99.25 

x=95.6±9.29 i=105.8±8.64 "i=89.4±8.41 x=103.6±3.36 x=80.4±9.38 

N-5 N-4 N=5 N=5 N=5 

Second zooid: VI 
w 

60.50 50.25 79.75 73.75 74.00 
86.00 84.50 100.50 72.00 120.25 
96.00 67.50 75.50 69.00 100.50 
62.00 81.50 81.50 75.50 102.50 
89.50 99.25 85.00 102.50 

i=78.8±7.35 x=70.9±7.83 x=87.3±5.23 i'=75.0±2.71 "i=10O.0±7.41 

N=5 N~4 N=5 N=5 N==5 

aZnC12 was added immediately after prior scissiparity. Individuals were timed until the 
scissiparity of the next two zooids. 

b S.E. == standard error of mean. 



Table Il--Continued 

1.0ppm Zn* 5.0ppm Zn++ 7.0ppm Zn* 12, 24. 36 ppm 

First zooid: 

101.00 91.25 90.25 
102.50 10B.50 91.00 All died before 

60.75 61.00 112.00 scissiparity 
79.50 114.50 116.25 
96.50 104.50 

i-B8.0 7.96 x-93.8 12.00 x=102.8 5.32 

N=5 N=4 N=5 

Second zooid: VI 
~ 

100.50 110.00 138.00c 
88.75 138.00c 138.00c All died before 
74.50 138.00c 138.00c scissiparity 

109.50 138.00c 138.00c 
124.50 138.00~ 

x=99.6 8.56 'i=13l.26.75 x=138.0 0.00 

N=5 N=4 N=5 

c 
Artificial values, actual number> 138 hrs. 



Table 12.--Time between zooid Experiment C, Part 2. a Time between scissiparity (hrs), 
mean ± S.E.b 

Control O.Olppm Zn++ 0.05ppm Zn++ O.lppm Zn++ 0.5ppm Zn++ 1.0ppm Zn++ 

First 
zooid: 

112.75 89.50 74.50 103.00 75.75 79.50 
87.00 106.00 89.75 98.25 55.00 95.75 
97.75 100.00 100.25 106.50 103.00 125.50 

119.00 104.00 97.75 97.75 108.00 111.75 
85.50 129.00 90.00 102.00 102.00 

x=104. 7.50 x=97.6±4.05 x=98. 2±8. 90 x=99.1±2.80 x=88. g±lO .14 x=102.9±7.71 

N=4 N=5 N=5 N=5 N=5 N=5 U'f 
U'f 

Second 
zooid: 

63.25 63.75 78.50 67.25 77.25 69.00 
65.00 74.00 62.75 62.75 83.25 97.50 
89.50 67.50 62.75 67.50 65.00 83.25 
93.00 84.25 102.50 92.00 86.00 123.00 

86.75 56.00 83.25 123.00 

x=77.7±7.87 x=75.2±4.51 x=72.5±8.36 ~=72.4±6.63 x=79.0±3.77 i=99.2±10.73 

N=4 N=5 N=5 N=4 N=5 N=5 

aZnC12 was added 36 hrs after prior scissiparity. Individuals were timed until the sCissiparity 
of the next t't..ro zooids. 

b S.E. = standard error of mean. 



Table l2--Continued 

5.0ppm Zn++ 7.0ppm Zn++ 

First zooid: 75.52 95.75 
100.00 74.50 
100.00 B1.00 

70.50 74.25 
72.00 

x=B3.6±6.75 x=Bl. 5±4. 98 

N=5 N=4 

Second zooid: 115.00 l23.00b 
115.00 123.00b 
l23.00b 123.00b 
l23.00b 123.00b 

123.00b 

x=119.0±2.3l x=123.0±O.OO 

N=4 N=5 

bArtificial value, actual number> 123 hrs. 

l2.Oppm Zn++ 

78.75 

ALL 

24 ppm Zn++ 

48.50 
49.75 

x=49.l±0.62 

N=2 

DIE D BEFORE 

36 ppm Zn++ 

41.00 
43.75 
45.00 

x=43.2±1.18 

N=3 

SCI S SIP A R I T Y 

U1 
0\ 
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The gross morphology of the worms under zinc stress var:led with 

the concentration. Under 1.0 and 5.0 ppm zinc there seemed to be no 

changes in the zooid until the first scissiparity was complete!:!. At 

this point, the zooid seemed to lose much of its pigment both :from the 

epithelium and the oil globules in the epithelium. The worm b1acame 

bloated and the internal organs (excluding the gut) degenerate1l. The 

normally prominent nephridia were no longer visible. At 7.0 p'>m of zinc, 

the worms immediately showed these symptoms and also showed apt?arent 

bloating of the parent stock, but not the posterior zooid. At 12, 24, 

and 36 ppm (lethal concentrations), the effect of zinc was morl:! 

pronounced. Sometimes scissiparity occurred without the cepha:Lic region 

of the posterior zooid being fully developed (architomy). Usulilly the 

worm began disintegrating at the cephalic region of the parent zooid and 

continued disintegrating up to the posterior zooid which survi~led longer. 

Sometimes disintegration began both at the cephalic end of the parent 

zooid and the cephalic region of the posterior zooid.; When th:ts 

happened, the rest of the posterior zooid was broken free and fJurvived 

longer. Since metabolically active regions are more susceptible to 

metal toxicity, possibly without a head the worm is less suscel>tible to 

death from zinc stress. A third form of death was when the 'vo~~ and 

attached zooid disintegrated at once. This happened less frequently 

than in the other two cases. 

Effects of Heavy Metal Stress 
on Reproduction 

In the preliminary bioassays there was a stimulatory ef~ect of low 

concentrations of zinc and copper on mixed age populations of l~ headleyi 
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after 6 days. 'Studies with worms of a known age show that 0.05 ppm 

zinc shortens the time between zooid scissiparity. This was evident 

for both the first and second sCissiparity. Such low levels of zinc 

might be naturally occurring in the aquatic environment (Bowen, 1971) 

and constitute an optimum concentration. Vallee (1957) recognized the 

role of small amounts of zinc as a necessary micronutrient for most 

organisms. 

Higher and clearly harmful levels of zinc also stimulate 

reproduction (scissiparity of the first zooid). A number of hypotheses 

could be advanced to explain this initial reproductive peak. The first, 

that any stress will induce rapid reproduction, is not supported for 

Aeolosoma by the studies of Kribs (1910) who found that only the three 

metals--iron, copper, and zinc--would induce the premature excision of 

zooids. Because of the limited nature of his studies, it is not 

possible to conclude that the other chemicals he tested would not (at 

any concentration) stimulate scissiparity, although he found no 

evidence of it. 

It is possible that zinc is selectively taken up by the parent 

stock so that even if it died, the immature zooid might live to carryon 

the population. However, preliminary results of metal analyses of the 

tissues of the worms seem to indicate that the exact opposite is true. 

The parent worm had 0.0025 and 0.0013 ~g zinc/g dry weight and the 

immature offspring had 0.0077 and 0.0083 ~g zinc/g dry weight. Perhaps 

this is of selective advantage for the reproducing adult. The small 

number of replicates and the small amount of tissue analyzed make these 

results tentative. 
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In an analysis of data for many organisms, Smyth (1967) suggested 

that in some instances, stress can be beneficial to an individual or 

population. Smyth called this level of toxicant, which is at the 

threshold of toxicity and which might beneficially challenge a population 

to better performance in some manner (i.e., growth, reproduction, 

metabolism, maturation, etc.), "sufficient challenge." 

Instances of heavy metal stimulation of various aspects of 

reproduction in fish are well documented. Shaw and Brown (1971) 

subjected newly fertilized rainbow trout eggs to 1 ppm nickel and 1 ppm 

copper and timed how long it took for the eggs to hatch. The controls 

hatched in 191.7 hours, the nickel exposed eggs in 150 hours, and the 

copper exposed eggs in only 106.7 hours. McKim and Benoit (1971) found 

that brook trout eggs hatched prematurely on exposure to 32.5 ~g/l 

copper. Lower concentrations of copper seemed to increase the percent 

hatchability of the eggs when compared to the control (1.9 ~g/l copper). 

When measuring growth of copper exposed alevin-juvenile brook trout, 

they found all copper levels inhibited growth for the first 23 weeks, 

but that after the 23rd week, growth was stimulated. 

Brungs (1969) found that 96 percent of the eggs from fathead 

minnow control parents, when placed in 2.8 mg/l zinc, survived up to 

hatching, but that hatching success was zero. This was because hatching 

began prematurely on the third day compared to the fifth day after 

fertilization at all other concentrations. A study on the effects of 

cadmium on the fathead minnow (Pickering and Gast, 1972) showed that the 

percent survival of fathead minnow fry spawned and raised in 15 ~g/1 was 
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96 percent after 30 and 60 days and only 64 percent in the 'controls 

after 30 days. They found that at 14 ~g/l nickel, the number of eggs 

per female was also stimulated. 

Any explanation of such stimulation must be made from a physio­

logical point of view. Perhaps increased survival of fathead minnow fry 

in low nickel might be caused by some bacterial or fungicidal properties. 

However, decreased hatching time for eggs and decreased budding time for 

Aeolosoma could not be solely due to removal of agents of disease. The 

effects of heavy metals on specific enzyme systems have been studies 

(Mertz and Cornatzer, 1971; F10rkin and Mason, 1963; Smellie, 1974),but 

no stimulatory effect at high concentrations has been found. Studies 

with metabolic rates and enzyme systems of Aeo1osoma and studies of 

developmental processes as affected by metals in the fathead minnow might 

be the most productive approach toward explaining such stimulations. 

Aeolosoma could possibly be used as a biomonitoring organism for 

chronic studies because the population size stabilizes after 10 days at 

levels depending upon the concentration of zinc. A static bioassay 

taking little space could be started with an industrial waste and the 

numbers of organisms counted only once after the 10 day mark. 

Instead of an LCSO ' perhaps an RISO (a level of toxicant at which 

reproduction is impaired 50 percent as defined by Biesinger and 

Christensen, 1972) could be calculated. The R1SO at 96 hours for the 

preliminary bioassays as well as for the two zinc chloride bioassays 

(Table 13) show that the relative reproductive impairment for the 

chloride salts was (from highest to lowest impairment): copper, cadmium, 

zinc, nickel, and cobalt; compared to the highest to lowest toxicity for 
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Table 13.--Reproductive impariment in Aeolosoma for introduced heavy 
metal concentrations in preliminary bioassays 

and zinc chloride bioassaysa 

Metal Salt Bioassay Name RI50 96 hrs (ppm metal) 

K2Cr
2
0

7 
Preliminary 17.0 

NiC1
2 

Preliminary 8.1 

NiS0
4 Preliminary 14.5 

CoC1
2 

Preliminary 13.5 

CoS04 Preliminary 13.5 

CdC1
2 

Preliminary 1.4 

CdS04 Preliminary 3.0 

CuC1
2 

Preliminary 0.20 

CUS04 Preliminary 0.16 

ZnClZ Preliminary 5.1 

ZnCl2 Toxic range 6.5 

ZnC12 
Sublethal range 5.1 

ZnS04 Preliminary 2.15 

a See text for calculation of RISO· 
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the chloride salts, which was copper, cadmium, zinc, nickel, and cobalt. 

It also seems that the sulfate of zinc was more harmful to reproduction 

than the chloride salt. The zinc chloride values for three separate 

bioassays were very similar. 

The RISO after eight days for zinc chloride dropped to 2.7 ppm 

and then leveled off at ten days at 2.3 ppm. Although it is hard to 

obtain accurate LeSO values for the preliminary bioassays, it seems that 

the RISO is more sensitive than the LCSO • This can be clearly seen from 

the zinc studies (Figure 15) where after 96 hours, the numbers at 1.0 ppm 

stabilized around 50 percent (for an LCSO concentration). The 7.0 ppm 

concentration is slightly higher than the RISO concentration (5.1, 6.5, 

and 5.1 ppm). The 96 hours TLSO (tolerance limit) of zinc for the blue­

gill, Lepomis macrochirus, was 5.5 ppm (Pickering and Henderson, 1965). 

In summary, it can be concluded that zinc chloride and copper 

sulfate at low concentrations stimulate the rate of increase of mixed 

age populations of ~ head1eyi. The time between zooid scissiparity for 

worms exposed to 0.05 ppm zinc was decreased for both the first and 

second offspring. This could explain the stimulation of mixed age 

populations by low concentrations of zinc. However, higher concentrations 

of zinc stimulate only the first zooid scissiparity. This is reflected 

in the mixed age populations by an initial increase in numbers, followed 

by a stabilization or decrease in numbers. 

The populations at all zinc concentrations stabilize after 10 days 

and do not change for at least another 10 days. Perhaps h headleyi could 

be used to biomonitor chronic effects on industrial wastes. A 50 percent 

impairment of reproduction (RI
50

) could be calculated. 



SUMMARY 

1. The reproductive rate of Aeolosoma headleyi Beddard (1888) is 

a useful tool in bioassays, because it is easy to culture, has a short 

life cycle, and is fairly easy to observe. 

2. Mixed age populations of ~ headleyi respond to sublethal 

metal stress by stimulation or inhibition of reproduction, depending on 

the metal and its salt. The stimulation of reproduction was significant 

with 0.01 ppm zinc chloride and with 0.01 and 0.001 ppm copper sulfate. 

Cadmium sulfate seemed to stimulate an initial reproductive peak, 

followed by a decline in numbers. 

3. The stimulation of reproduction was probably not due to pH 

or osmotic effects. 

4. The time between zooid scissiparity for production of the 

first bud was decreased with increasing zinc concentrations. The 

second bud was inhibited by zinc concentrations greater than 0.1 ppm. 

5. In concentrations of zinc above the 96 hours LCSO (7.0 ppm), 

the worm sometimes undergoes architomy in which the head of the offspring 

is not well formed. In concentrations of zinc below the 96 hour LC50 , 

the worm undergoes the normal process of paratomy in which the cephalic 

region is fully formed before scissiparity. 

6. Aeolosoma bioassays could be used as biomonitoring tools 

because population sizes are stable after the 10th day at a level 

determined by the zinc concentration. Reproductive Impairment (RISO) 
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could be calculated for a toxicant. Such studies might show that 

reproduction in Aeolosoma is more sensitive than some studies of acute 

toxic stress. 
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TABLE A.I 

ZnC12 Preliminary Bioassay: Change in numbers of Aeolosoma headleyi 
for introduced concentrations of Zn++(ppm) 

++ Concentration of Zn 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

6 
6 
9 

10 
5 
4 

7 
11 

4 

12 
6 
4 

8 
9 
8 

11 
9 
6 

4 
5 

28 

# at ti 
Change in numbers expressed as % (# at t ) ± S.D. 

o 
Time: 0-48 hrs 0-96 hrs 0-144 hrs 

88.89 ± 9.62 98.15±13.98 ll2.96±ll.56 

100.00 ± 0.00 105.00±18.03 11S.00±13.23 

108.33±14.43 116.67±28.87 140.04±11.62 

94.44 ± 9.62 100.00 ± 0.00 105.5S± 9.62 

71.30±19.71 99.07±20.05 l14.81±25.66 

82.82±16.69 l6.67±28.87 O.OO± 0.00 

0.00 ± 0.00 0.00 ± 0.00 O.OO± 0.00 

........ 
~ 



TABLE A.2 

ZnS04·7H20 Preliminary Bioassay: Change in numbers of Aeolosoma headleyi 
for introduced concentrations of Zn++(ppm) 

++ Concentration of Zn 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

9 
8 
8 

9 
8 

14 

4 
11 
11 

8 
9 
7 

7 
8 
7 

S 
8 

10 

7 
9 
6 

# at ti 
Change in numbers expressed as % (n at t ) ± S.D. 

o 
Time: 0-48 hrs 0-96 hrs 

92.S9±12.83 llS.28±16.84 

95.83 ± 7.22 106.68±17.39 

94.70±17.65 106.82±30.74 

l05.22±14.18 l30.03±11.20 

100 • 00 ± O. 00 117.86±15.S7 

S7.62±19.71 0.00 ± 0.00 

0.00 ± 0.00 O. OO± 0.00 

...... 
N 



TABLE A.3 

CuC1
2

-2H
2
0 Preliminary Bioassay: Change in numbers of Aeolosoma headleyi 

for introduced concentrations of Cu++(ppm) 

++ Concentration of Cu 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

8 
8 
7 

8 
7 
9 

9 
8 
6 

8 
7 

15 

8 
11 

6 

10 
8 
8 

11 
7 
7 

# at ti 
Change in numbers expressed as % (n at t x 100)±S.D. 

a 
Time: 0-48 hrs 0-96 hrs 0-144 hrs 

174.41±11.62 252.9S±17.16 331.55±23.03 

175.70±10.92 242.53±20.14 329. 43 ± 7 • 68 

159.26±21.03 21S.06±42.56 304.63±68.85 

160.75±20.16 235.95 ± 9.59 354.46±23.99 

137.63±48.12 10.23 ±9.30 13.26±13.65 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

...... 
w 



TABLE A.4 

CuS04·SH20 Preliminary Bioassay: Change in numbers of Aeo1osoma headleyi 
for introduced concentrations of Cu++(ppm) 

++ Concentration of Cu 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

10 
6 
9 

6 
7 
4 

7 
5 
7 

B 
6 
7 

5 
10 

7 

5 
6 
5 

6 
6 
B 

II at ti 
Change in numbers expressed as % (/I at t x 100)±S.D. 

o 
Time: 0-48 hrs 0-96 hrs 0-144 hrs 

l22.S9±lS.33 166.67±33.33 229.26±26.77 

lS5.16±20.90 216.67±28.B7 317.46±32.1S 

13B.10±3S.9S 181.90±20.27 291.43±34.64 

130.36±lS.81 201.19±26.81 270.24±lB.33 

31.43±42.67 13.33±23.09 6.67±11.55 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

0.00 ± 0.00 0.00 ±O.OO 0.00 ± 0.00 

...... 
~ 



Table A.5.--CdClZ·Zt HZO Preliminary Bioassay: Change in numbers of Aeolosoma headleyi for introduced 
concentrations of Cd++(ppm) 

Number of Individuals 
II at ti 

++ Change in numbers expressed as % (n at t x 100)±S.D. 
Concentration of Cd at 0 hrs (t ) 0 

(ppm) (100%) 0 Time: 0-48 hrs 0-96 hrs 

0.0 (control) 13 
10 lOZ.56±4.44 160.47±58.08 
lZ 

0.001 11 
7 llZ.67±6.47 l32.08±lZ.01 

18 

0.01 10 
15 117. 78±10.18 147.78±Z5.46 
15 

0.1 12 
12 Il2.l8±8.l4 l6Z.46±16.71 
16 
13 

1.0 9 
10 lO6.11±7.11 lZ0.20±Z3.56 
11 
15 

10.0 14 
10 O.OO±O.OO O.OO±O.OO 
14 
13 

100.0 14 
9 O.OO±O.OO O.OO±O.OO 

10 

...., 
U1 



TABLE A.6 

3CdS04-8H20 Preliminary Bioassay: Change in numbers of Aeolosoma ~~==L: 
for introduced concentrations of Cd++(ppm) 

++ Concentration of Cd 
Number of Individuals 

at 0 hrs (t ) 
(100%) 0 

/I at ti 
Change in numbers expressed as % (# x 100)±S.D. at t 

(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

9 
12 
11 

12 
4 
4 

5 
9 
7 

10 
8 
9 

10 
4 
5 

10 
7 
6 

5 
9 
7. 

Time: 0-48 hrs 

138.97±15.44 

102.78 ± 4.81 

118.10±20.27 

104 • 17 ± 7 • 22 

ISS.00±22.91 

0.00 ± 0.00 

0.00 ± 0.00 

o 
0-96 hrs 0-144 hrs 

220.62±20.63 264.65±36.4l 

155.S6±26.79 2l9.44±17.35 

169.00±12.40 21S.98±27.68 

IS4.8l±13.44 203.70± 6.42 

81.67±16.07 78.33 ± 2.89 

0.00 ± 0.00 0.00 ± 0.00 

0.00 ± 0.00 0.00 ±O.OO 

-....J 

'" 



TABLE A.7 

CoC12·6H20 Preliminary Bioassay: Change in numbers of Aeo1osoma head1ey! 
for introduced concentrations of Co++(ppm) 

Concentration of Co++ 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1 .. 0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

7 
6 
6 

12 
6 
9 

S 
10 

9 

11 
7 
8 

7 
9 
S 

13 
7 
7 

9 
7 
7 

# at ti 
Change in numbers e~pressed as % (n at t x 100)±S.D. 

o 
Time: 0-48 hrs 0-96 hrs 0-144 hrs 

146.S3±26.55 220.63±34.03 310.32±25.24 

149.07 ± 6.99 247.22±47.39 302.7S±29.27 

148.98±11.92 235.19±30.00 311.02±62.16 

142.15±54.41 202.49±23.89 308.39±20.54 

11S.98±22.92 185.71±24.74 225.93±44.91 

148.35±32.38 186. 08±38. 21 222.34±58.82 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

'-I 
'-I 



TABLE A.8 

CoS04e7H20 Preliminary Bioassay: Change in numbers of Aeo1osoma headleyi 
for introduced concentrations of Co++(ppm) 

++ Concentration of Co 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

5 
4 

10 

8 
6 
6 

6 
6 

12 

7 
13 

7 

8 
8 

11 

8 
12 
10 

11 
4 
4 

n at t. 
~ Change in numbers expressed as % (n at t ) x 100)±S.D. 
o 

Time: 0-48 hrs 0-96 hrs 

100.00 ± 0.00 1l8.33±7.64 

100.00 ±O.OO 115.28±16.84 

102.78 ± 4.81 102.78±12.73 

97.44 ± 4.44 97.44 ± 4.44 

105.30±12.47 125.76±12.57 

93.33±11.55 91.11 ± 8.39 

0.00 ± 0.00 0.00 ± 0.00 

....... 
ex> 



TABLE A.9 

NiC12-6H
20 Preliminary Bioassay: Change in numbers of Aeolosoma headleyi 

for introduced concentrations of Ni++(ppm) 

Concentration of Ni++ 
(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Numbers of Individuals 
at 0 hrs (t ) 

(100%) 0 

7 
10 
10 

5 
7 

11 

10 
13 

9 

12 
4 

10 

9 
7 

10 

5 
8 
7 

9 
7 
4 

# at ti 
Change in numbers expressed as % (# at t x 100)±S.D. 

o 
Time: 0-48 hrs 0-96 hrs 

103.33 ± 5.77 l24.76±13.50 

116.19±14.66 l20.95±21.44 

96.67±5.77 lll.40±11.54 

100.00 ±O.OO 119.44±26.79 

91.53 ±7.50 l12.86±14.50 

80.24 ± 5.36 66.55±11.95 

0.00 ± 0.00 0.00 ± 0.00 

......, 
\0 



TABLE A.10 

Ni804 Preliminary Bioassay: Change in numbers of Aeo1osoma head1eyi 
for introduced concentrations of Ni++(ppm) 

++ Concentration of Ni 
(ppm) 

0 .. 0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

Number of Individuals 
at 0 hrs (t ) 

(100%) 0 

9 
14 
11 

8 
16 
12 

8 
8 

10 

13 
8 

17 

13 
8 

14 

14 
11 

8 

13 
13 

7 

# at ti 
Change in numbers expressed as % (~ x 100)±8.D. at t 

o 
Time: 0-48 hrs 0-96 hrs 

103.68±13.06 141.20±11.62 

117.36±17.47 134.72±24.41 

131.67±10.10 165.83 ± 8.04 

123.47±19.65 150. 30 ± 3 .. 40 

122.57±15.18 164.93±19.14 

109.58± 2.71 129.33 ± 5.65 

0.00 ± 0.00 0.00 ± 0.00 

co o 



TABLE A.11 

K2Cr707 Preliminary Bioassay: Change in numbers of Aeolosoma head1eyi 
for introduced concentrations of Cr++(ppm) 

++ Concentration of Cr 
Number of Individuals 

at 0 hrs (t ) 
(100%) 0 

If at ti 
Change in numbers expressed as % (~ x 100)±S.D. 

1t at t 

(ppm) 

0.0 (control) 

0.001 

0.01 

0.1 

1.0 

10.0 

100.0 

9 
5 
9 

10 
8 

12 

3 
8 
7 

6 
9 

11 

10 
13 

4 

12 
5 
5 

8 
11 

8 

o 
Time: 0-48 hrs 0-96 hrs 0-144 hrs 

142.22±18.99 171.11±13.52 234. 81±21. 81 

125.83±13.77 166.1l±21.10 228. 06±10. 55 

109.52±16.50 182.14±15.57 237.90±4.77 

124.58 ± 7 • 85 168.l8±14.45 225.08±32.08 

131.79±17.38 160.38±14.43 227.31±49.09 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

00 
I-' 
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THE EFFECTS OF HEAVY METALS ON THE ASEXUAL REPRODUCTION 

OF THE ANNELID Aeolosoma headleyi Beddard (1888) 

by 

James Preston Newman, Jr. 

(ABSTRACT) 

Chronic bioassays were conducted on the annelid Aeolosoma headleyi 

Beddard (l888) to determine the effects of heavy metals on asexual 

reproduction. Bioassays were conducted with the chloride and sulfate 

salts of zinc, copper, cadmium, cobalt, and nickel. Additionally, 

chromium, as potassium dichromate, was tested. Of these metals, only two, 

zinc chloride and copper sulfate, significantly stimulated reproduction 

at or below 0.01 ppm of the metal. All metals inhibited reproduceion at 

high concentrations an9 none, except the two above, had any significant 

effect on reproduction at the sublethal concentrations tested. Hydrogen 

ion concentrations between 6 and 10 units had no effect on reproduction. 

The effects of the metals were not due to pH or osmotic effects. 

Subsequent studies were conducted with zinc chloride to determine 

its effect on zooid scissiparity. As zinc concentrations increase, the 

time for first zooid scissiparity decreased. Second bud formation was 

inhibited by zinc levels greater than 0.1 ppm. Normally the worm exhibits 

paratomy (release of zooid with a developed cephalic region). Above 

7.0 ppm zinc, the worms also exhibit architomy where the cephalic region 

is not developed prior to scissiparity. 



For any given concentration of zinc, the populations of Aeo1osoma 

stabilize after 10 days. At this time it is possible to compute 

reproductive impairment values (RISO). These values can be used to 

predict the effect of a toxicant on population dynamics and they suggest 

that Aeo1osoma reproduction can be used as a biomonitoring method. 


