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Sediment sampies coiiected from the sediment-water intenface from‘. 

Lake Erie in 1975 indicate the presence ofie few Iive sheiied invertebrates
' 

1 (ostracodes), of the 26 species identified_on1y one, Candona eaudaZa,A 
i 

can be considered as successfui today in Leke Enie, Cyzhenfisse £acuA¢ni§t_
' 

_and.Candbna aqbznaanguz4za, primariiy reconered es empty shelis in this'f
I 

t_study, indicate that these species have become extinct becanse 
nf‘a‘4

V 

and/or physical change some time_dufing the Iest 100 years in in 

Lake-Erie. Dissoived oxygen stress pattefns verify the oxynenfldepieticn 

pattern noted by Burns and Ross (1972) and indicate its existence fer spme 

time in_the centrai basin.
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INTRODUCTION‘ 

i*.i:WGenerai. Modern ostracodes have been studied from_1oca1ized areas 

within Lake Erie. Furtos, 1933, studied the ostracode fauna from weedy_ 
. 

y in1ets, stony bars and rock poois, all at depths'of iess than 25 feet in" 

the vicinity of the Bass Islands.‘ Deiorme (1977a) identified the ostracode. 

fauna between Port Glasgow to Point Peiee in conjunction nith a sedimentw
I 

‘survey by St. Jacques and Rukavina (1976); Benson and MacDona1d (1963)..
A 

.studied fossil ostracodes from severai cores obtained from the centrain hu 

fisand eastern basins, 
H‘ 

_ _ 

V 

in 
C.‘ 

; 

V 

H: 

_ 
iThe ostracode (seed shrimp) is a benthic or semi-nektonic oroanismviu 

: 

which feeds on organic detritus. Those that are semi-nektonic crawi on ’ 

__ or swim around blants; feeding on the p1ants as we11 as organic detritus. 

_ 

v“V|'hose_t‘hat are benthic forms craw1-on.’ or burrovi "into the bottoinsiediment 
AVV?“c(down toA2 cm) and feed on organic_detritus; AThe‘different species_can 

‘_toTerate very different concentrations of_chemica1 components in the water-
b 

I 

’In order to determine the physicai and chemicai characteristics of 
the aquatic habitat that a particuiar ostracode species occuPYa the’authorA 

, has, during the years 1965 to 1976, sampled 6,720 stations across Canada. 

These auteco1ogica1 data are presented here for the three species to be" 

‘i. discussed (Tables 2, 3, 4). 

.Method of coliection and preparation, During September of T9i5, 0}. 

. Cg}, Dell co11ected sediment samp1es from the sediment-hater interface 

. 

of Lake Erie, for sedimentoiogicai and mineraiogical ana1yses{ VOf the’ ‘ 

i four Shipek grab sampies obtained from each of the 150 stations, one wast 
I 

i 

used‘ for the study of _mineralogy and sheHediinverntebrates. The ‘sediment 

was wet-sieved immediateiy after sampiing using 1aroe diameter sieves retaining:



‘ 

a11 fractions.greater than 63 microns; nesione was oven§dried and 
‘ then dny-sieved into_fractions of >2OQ0 nficrons; 200 to 25d p. and 

250 to 63 u. -Prior to wet-sievinp of the sampiesa the water which remainedvp 

in the Shipek bucket was decanted;' Freeffioating of non-attached 
' 

wane probahly iost at this time. Also, a pressure have may precede the
I 

.n Shipek sampier if.1owefed rapidly, thereby_sweeping away some of the 

nektonic organisms and the organic f1oc above she modéwater interface, as 

has been described by S135 (1969) and (1957). 9 

For each samp1e studied, the_state of iife fon each species was 
’' 

recorded as Iive or fossil (empcy she11). »Twenty-percent of the stations 

- contained live specimens; Of a1] the specimens co11ected 14 pencent werei 
M 

alive with haif of these beionging to the species Candana caudatd, 

ideniification of the species for each sampie is given in Deiofme (1977b)- 

‘Tab1e 1 iists the ostracode species recovered dufing the 1975 cruise. 

See appendix I for a comp1ete'1isting of ostracode species by station. 

"Appendix II contains the geographicai coordinates for the stations. 

-».—-——:wmwuxnr-
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A’ Table 1. Relative occurrence of ostracode species within the three basins 
- 

’ regardless of state of life.’ - 
v 

' 
V .
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.Y fi- life cycle in terms of one year. 

' ‘ 

' 

, 
Life *: :’ western Central Eastern.~ 

sexes 
_ 

35%
i 

?*;'jiisz., .t‘ .4% *. 

”isllj2% ,e1fi.so% 
‘F 

l2%I l ‘Ml 

24% 48% 
..f]"17%tllf“ 

l ¢3a%”7



DISTRIBUTION OF osTRAcooE SPECIES 
IANU SPECIES LIMITATIONS 

western Basin; ‘Of the 26 ostracode species found in the Lake Erie 

sediments, only 16 are represented in the western basin.% As there were 

V: on1y four 1ittora1_(where the euphotic zone intersects the substrate'‘» 
‘ 

of the shore zone) sampies co11ected in this basin, those species whose 
jt 

re1ative occurrence is 1ess than 15% are either 1ittora1 species or 

‘water.forms which have a sma11 chance of occurring in a shaiiow basin. 

This ieaves Seven species which can be considered'typica1-of the westernV’V. 

basin during the recent past. 

Damo£nu£a.Atevenaoni appears to be restricted to the western basin 
‘ 

H (Fig. 1), however, from samples collected for a detailed sedimentoiogical 

survey east of Point Pelee, by St; Jacques and Rukavina‘(1§76),‘De1orme 
" 

(i977b) identified this species_frpm a part of the north shore of theec" 

’centra1 basin. the forms, Candona odudate can be considered cos-in Va’ 

'VAmopo1itan{ not only for the western basin; but for the whole lake (Fig. 2). 

The c1ose1y reiated.formsg'Phyaoeypnia gzobuzfi (Fig. 3) and P. £n5Zata,A~ 
d are common to the western basin; both forms are commonly found at depths 

beiow ten meters. Phyaocypaid infilaxa is not foond where the bottom water
’ 

ii‘ 
oxygen concentrations go be1ow 7 mg/1 (authorfs unpublished autecoiogical 

edata). Iaocypdia quadnibeibaa. a1though not restricted to the western 

basin, is most common1y found in the area around the isiands between Point 

Pe1ee and Sandusky (Fig. 4). This species prefers warm waters aboye 16°C 

and oxygen concentrations above Slmg/1 (adthor's unpubiished autecoiogicai 

_data); in terms of'a modern anaiogueg it is frequentiy found in the sha11ow



= Figinfe 1. D1"str-1'but1‘on of Da/wvx1nLuCa2s,t}¢v'ey:»$an,Z‘~_V—’
' 

Figfiré‘2. -Distributionlof Candona. caudata; 

H

I 

_ 

Physocypflrian giobula
_ 

~~~~~~~ 
Ddrwinula sfevensoni . 

‘in 1ake_Er‘_1'e (1975). 
. 

V:

' 

~~ Canaona écudcfa ~~~~I

I~ 
. 

_ 

in Lake Erie (1975). . 

. 'S1_’A_T|ON WHERE’ SPECiES occuns.-' 

IN 1975. 

‘Figure .3. Distribution of Phyzsocypluéa gfiobufla 
~ ,Ain Lake Erie (1975). 

’ 

_ \ 
lV\P‘E/\ WHERE SPECIES FOUND ALIVE.



Distribution of 
V

7 ~~~ Av‘Figure 4. 
in Lake Erie (1975);.

~ 
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A

~

~ 
~~ 
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~\ 

. 

' 

_ 

'F‘1'guré 5. Distribution of Candona. _acwtz_1 
‘ 

" 
. 1'n_Lake'Er1'e (1975), » 

I 

Cyfherissa Icicuétris 

IN 1975. ., ' 

A ._ 
» Figuré 6. D1“str1'but1'.on of Cgthe/ti/53a -C.dC.LI./5»Ub.('A 

b 

in Lake Erie (1975). ’_ 

? 
. 
STATION WHERE spécxssboccuns. 

‘ AREA WHERE SPECIES FOUND ALIVE



bays of the Bay of Quinte (Delorme¥.l977a):: Candona acuxn is a common 

fluvial species, but is also found in ponds and lakes. Its distribution v 

the western basin.(Eig, 5) during the recent past follows the pathways 

of current actiuity.‘ The absence of this species from the central and 

eastern basin is a.product of depths exceeding nine meters.{ It 

. tolerate dissolved oxygen concentrations as low as 2.5 mg/l (author's unpu- 

blished autecological data);‘ Candana enicnais, although common to the 

.western basin; is not restricted to it.‘ 

Central Basin. ‘Sixteen ostracode species were recovered from the 

surface sediments of this basin, out of_a possible total of 26 (see table 

l), Three species can be considered typical of the central basin, the other 

forms with a relative occurrence of less than l0% are either littoral species 

tor ostracodes that could not become successful because of some limiting 

factor(s). 
_ ‘ 

_ 
_ _ 

' 

‘ 

Candonabcaudata, as previously pointed out,_is7cosmopolitan for the 
lake.‘ Figure 2 illustrates that 3l% of the stations contained live specimens 

of this species§‘ No other species occurred in the live state in such highs‘
A 

abundance. _Anatomically; Candona caudnza is completely devoid of any 

.swimming power and, therefore} lives on or in the substrateévconseguently, 

npointed out that the.species can tolerate dissolved.oxygen as low as 2.3 mg/l 

it was retained in the samples when the water was decanted. It should be 

(table 2). The minimum oxygen concentrations during September l975 varied 

from l.8 to 8.2 mg/l for the central basin (STORET); however, Lucas and Thomas 
4 

'(l972) indicate values as low as 0 mg/l for the beginning of September l970. 

_ 
Autecological studies by the author (table 1) show this species to be a



Parameter f'.M1n1mum Maximum_V 

Bottom water Temperature 

:Surface water Temperature. 

"Depth 

’u_ Ca1¢ium_ 

-Magnesium. 

"Potassium 

Sodium 

"Copper 

Disso1ved iron 

Carbon dioxide 

_'Disso1ved oxygen 

_ 

Bicarbonate 

dA‘Qarbonate- 

Ch1oride is 
V Sulphate 

‘:_0rthophosphate 

a pH 

Tota1 Disso1ved So1idsd' 

Conductivity
Q 

’_ 
3.4 

., 

457;} 0.15 °.? 
3' 

EE~4.oT 

_o 

:41 

oj_oj 

9 
o 

-ax: 

N.-_53-.c>_o-__o,o_o_::.. 

—-

0 

j 

34; 

”:»27.o°c 

27.o°cs 

a 
_' 189 meters 

_74f18o.o mg/1 

'.292;8 mg/1' 

3Z;0 mg/1 

mg[1 ~1 

fig/1‘ 

mg/1" 

-W mg/1
t 

".w:i35o.o’mg/1 

-V1.6 mg/1 

2054.1 mg/1.‘ 

»n1300.0 umhos 

Table 2. Auteco1ogf of Candona caudaza based on 485 
co11ected by the author from Canada. 

samp1ed stations
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inhabitant of temPorary'~-P0'nd§ the'reb.i/ Dre-F * 

cluding a iong 1ife cyc1e.' Undoubtedly; severai generations of eggs are 

produced per year, aliowing the species to propagate itseif despite the 

u’deve1opment of anoxic conditions during the fall. Unhatched eggs that 
' 

remain can survive anoxia and propagate the species at some iater time 

when anoxic conditions have disappeared; _'.j
. 

Cgtheniaaa zacubthia is generaiiy considered to be a deep§7co1d 

‘water form. ibwever, the species iives within a temperature range of ' 

to 22.0°C and a depth range of 0.6 to 181 meters (tabie 3);uiTherefore,Av 

_ 

the generaiization does not appear to be true;" As compared to the previous 

_species, C; £aeu4in4A.a1so iacks swimming power and; using the same reasoning:' 

as above, the species shou1d have been present in the iive state in the 

'samp1es (Fig. 6). oAn examination of.autecoTogica1 data (tabie 3) for the. — 

‘species indicates that the species is only found in permanent lakes, and 

, _has a.1ife cycie which either approaches or exceeds one year. "This being the_ 

case, Cyzheaiaaa Zacuéinié cou1d have been brought to 1oca1_extinction by its‘ 

_requirement for ninimai dissoived oxygen content of 3.0 mg/1; ‘Other parameters. 

~ which this species finds particularly 1imiting are copper, dissoived iron,h 

Aorthophosphate and pH. 

Condona ckogmaniana is still pooriy Understood with respect to its 

autecoiogy. The on1y_area, of those_investigated for the Great Lakes, in 

species appears to be suceessfui is Parry Sound of Georgian Bay;
I 

Lake Huron (De1orme,i1976); 7Unfortunate1y, there is no information on the 

‘chemical and physicai habitat in which the species was found for that study. 

Autecoiogicai data that are avaiiabie (author's unpublished data) indicate_. 

»'the species is probabiy limited by copper, dissolved iron,'orthophosphate‘ _i 

and pH._ The species is on1y_moderate1y affected by iow oxygen concentrations,



~Parameter ._:’ Minimum‘ Maximum. 

d_ Bottdm Water Temperature
‘ 

Surface water Temperature 

dnepth 
‘ 

»ca1c1um; 

aT Magnesium 
“ rPotassium 

vSodium
‘ 
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. Disso1ved iron‘ 

‘Carbon dioxide-ié 
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4 

.-Carbonate
4 
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_ I 
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»ro.o’~:§fu 
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"“_.0'b. 

o.o e 

f14.r4 mg/1
e 

* 33.0 mg/1 

} “$5.6 mg/1 

» dds mg/1» 

’;eo.om’ 

r1.5 
‘LA 

ii 1;0'e7 
i 

,u o;o 
6:.-4.-..

' 

H" 

.T|.2_
' 

‘- 25.05

; 

‘23§o°c

I 

d181.4‘meters 

_49.s'mg/1 

f."16.7_mg/1 

~ga:2i,s mg/1 

, mg/1 edf 

:Vb.4.mg/1 
a mg/1 

: 
io.o mg/1 

4 

“‘J~__"I.3.4 mg/Ta 

mg/1 

6. 

A, 

‘ 

8. 8 

mg/1 

umhos 

VTab1e.3. Auteco1ogy of Cythéaiaaa zacubtniz based on 281 
collected by the author from Canada. 

eampied stations 

“..:_;n._.
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‘having a lower iimit (so far determined) of 2.3 mg/T. In many respects, 

Candona cnogmaniana appears to have similar requirements to CytheaiAAa
' 

£acuA1niAg except that its distribution in the centrai basin is more'V 

iimited (Fig. 7) to the repositories or sinks of the prevaiiing bottom 

currents (herdendorf, 1977). 
H '

A 

It is important to assess the minor fauna1_e1ements as_we11 as the 

three typicai forms discussed above. Of the 13 remaining species, six are 

known (from the authorfs unpub1ished_data)-to-frequent-habitats at depths 

;greater than 15 meters. These are: ‘Phy5ocypnia gtobuzag Candona naw¢on£,_ 

Cypaidopsis uLdua,’Limnocythe&c sp., Limnocythoae finiabgzis, and Phyaocypaia
_ 

i 

‘ infizaiay Based on a statisticai eyaiuation of autecoiogicai parameters 

carried_out by Deiorme and E1-Shaarawi (1977), it is possibie to ca1cu1ate 

the sample size required to obtain a precision of the mean value within-_ 

ten-percent, using the estimate of the variance.’ Using this technique, it ‘ 

:.“was found that coppersgdissoived iron; dissoived oxygen, orthophosphate 

and pH are a11 common limiting factors of both the shaTiow and deep 

species. A11 of these parameters are the same ones found iimiting the three 

typicai species of the basin. ~Because the chemistry of the water prevaiiing 

y at the time these organisms iived is not known,-it is not possibie to say
i 

_which of the five, or combination of these, exerted sufficient stress to cause 

the ostracodes to become-1oca1]y restricted or extinct, if indeed they are 

-Vno ionger in existence. 

?§g§jgg3LjggjIL Twenty out of a total of‘26 ostracodes species were 
:‘ 

identified in the surface sampies. ‘Tweive species of the 20 can be considered 

.typica1 of the eastern basin or to have a reiative occurrence of greater 

than 21 percent (see tabie 1). Of the 12, three can be further considered to’



Candona crogmaniono 

.~.‘Figure .7.A Distribution of Candona crgogmdniana 
‘ ' ‘ in Lake Erie.(1975). '

‘ ~ 
-Candono 

\\V 
‘AREA -WHERE SPECIES FOUND ALIVE \ IN 1975 : 

_

- 

4- -« Figure 8. Distribution of"C_ai'zdonat_Aub4‘/z,£z1r:LgV3u.£’.aLtzr1'i ‘@ ' 
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‘ ~-in Lake Erie (1975).' - 
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.

‘ 

Figure 9. Minimum dissolved oxygen requirement for the surviva1 of ‘ 

ostracode species recovered from the sediment-water inter- 
face of Lake Erie. -

i
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’, be-typical-abyssal species occdrring at depths greater than 20 meters, 
“ ‘ 

These are Candond aubtaianguzata, Cgtheniaad Zaeuataia and Cdndonaienog. 

'manLana, exclusive of the cosmopolitan Candona eaudata., The disposition 

"of Cythcniaaa Zacuatnia and Candona.cnogmani¢na have already been dealt 

with within the discussion of the central basin, as has condone-caudhte. ’ 

.Candona'Aubtniangu£ata is characteristic of the eastern basin, 

_ being restricted to it during the recent past (Fig. 8). ‘At first glance,- 

siitgwould appear that depth controls the Species to the eastern basin, 
' Studies of the_bottom fauna of the eastern end of Lake Superior (belorme, _s 

i» 
1977c) indicate that c. AubtxLangu£atd has a depth range of 7,6 to 273 

meters (table 4)§.%fIf depth were the single controlling factor, this 

ispecies would then exist in the central basin and perhaps even the western 

basin (maximum depth l0 meters), as indeed it has in prehistorical times 

(Benson and MacDonald, l963). An analysis of autecological data (table 4) 

V,_..indicates‘that the species is severely linfited to low concentrations of 

ll parameters. These are copper, dissolved iron, magnesium. potassium.‘ 

,sodium, dissolved oxygen, chloride, orthophosphate, pH and total dissolved 
I 

, solids (and_conductance). Clearly, low concentrations of magnesium, potassium, 

,,,sOdium and chloride contribute to low concentrations of total dissolved 

solids required or tolerated by the organism. ‘Burns and Ross (1972) have 

indicated an increase in the_concentration of dissolved iron (up to 6.21 

umoles/L) and manganese just above the sedinent—water interface when the 

surface sediments become strongly reducing. ilf the levels of dissolved" 

iron exceeded 500 ppb (9.0 umoles/l of Fe) or 300 ppb for copper, then 

Cdndona bubtfiifihgu£ata.woold not be able to survive. ‘when such a reduction 
sof the sediments occur, there isia corresponding decrease in dissolved oxygen 

_which, if decreased below 5.6 mg/l, would be detrimental to the species.
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Table 4. Auteco1ogy of candona'4ubzazanguzaza based on 
¢o11ected by the author from Canada. 

AParamoter “Maximum_
" 

Bottom water Teuperaturef 2.6 ‘19.2°C. 

Surface Water Temperatufe . 

*of2.2 28f0°C V 

Depth 1 ueters 
' 

Ca1cium »3.3 
t 

7 gzfs mg/1 

'V.MagnesiumA 
A 

vv0.7 >' 7.5 mg/1
A 

Potassium fu.O .*: 1.2;m9/Ttan 

Sodium‘ 1.0 I ~4;3‘mg/14 

Copper 
V 

H 0.01. .u.§ mg/1 

Dissolved iron 
;* 

o,o_ o;5_m§/1 

Carton dioxido 0.8 _‘ 12.0 mg/1 

Dissoived oxygen I. 5.6 
t 

"’ui3;4 mg/1 

Bicarbohate.. A—_8.5aA §7.e_mg/1 

-mmmae on t5momn 
"Chloride 1;2 -7.3amo/f 

..Su1phate a‘o.o "12.o mg/1 

Orthophosphate 0.0 0.5 mg/1 

pH 
‘ 

_ 
_5.1 "8_.1j

‘ 

Totai Diasolved so1id§ "22.9 92.3 mg/1 

Conductivity "o 44.0 
I

I 

106.0 umhos'



"code species.- 

.

_ 

Clearly, oxygen values of lower than 5.6‘mg}l4have?freguently been attained 

by the western and central basins, thereby causing_extinction because the 

species has a life cycle_which approaches or exceeds one year in duration
_ 

.-(Fig. 1). Consequently, successive generations were impeded from developing 

because of recurring conditions of low—oxygen concentration.’ Although the 

eastern basin is not considered to become anoxic, dissolved oxygen concene 

trations as_low as l.6 m9/1 for certain areas of the basin have been observed 
i‘ 

w(Burns et al., 1976). .ThisVwould be sufficient to cause an annual extinction 

of Cqndona Aubtnéanguiata. -If these low values recurred on an annual basis, 

then the species would have become extinct, however, it probably has not yet 

occurred on,a basin-wide basis." 
I 

A I 

of the_minor-faunal elements, Candona ed£en4La,.LZmnocytheae uenaueoaa, 

Candona eand£da,.CypnLa dphtha£mLca,’I£yoeypaLA bnady£,;L£mnocythene Lnopénata, 
' ££mnocytheae onnata and Lfimnocyzhehe paeudonetécutata are species found at 

I‘. J 

_ 

depths less than nine netres. Many of these are fluvial in origin and 

either existed in or on_a deltaic_habitat, or the empty shells were trans-
l 

:7ported by streams and deposited as part of the deltaic sediments.: The 

remaining ostracodes (Phyaocypaia g£obu£a,‘IAocgpa£A quadnisetbad, Phyaocypais 

£n5£ata,’Cgpn£dop4os uLdua, Candona nawsoni, LLmnocythene‘Sp.,oLimnocythghe 

gniabizés and Candona fiaba) are those which can live to depths of 30 meters. 

o,Using the same technique as outlined above (Delorme and El-Shaarani, l977), 
‘it was found (based on the author's unpublished autecological data) that 

the following common parameters are tolerated in low concentrations by the 

l6 species: dissolved iron, copper, dissolved oxygen, orthophosphates and 

pH.‘ These are_similar to the ones described for the typical abyssal ostrae
|



l7.; 

gummggy, If one were to plot the minimum tolerable dissolved oxygen‘ 

level acceptable for an ostracode faunal assemblage for each sample collected 

(see appendix III); then a pattern would emerge for Lake trie (Fig.-9). 

A minimum of 3 mg/l (or higher levels) of dissolved oxygen must have been‘ 

maintained throughout the year for the survival of Cythehissa Kacustnia, 

the most tolerant species, of the assemblage, to reduced oxygen levels.p uvf 

This is certainly not the case at the present time, with the development— . 

"of~anoxic conditions during the summer and fall (burns and Ross, l972), and 

cithus the reason for the virtual extinction of Cythehisaa Zacuatnia. 
’i 

The pattern, developed by plotting the maximum tolerable concentration 
_: of dissolved iron, for the ostracode faunal assemblage of each sample 

given by figure 10. The range of soluble iron at or near the mud-water 

interface (Burns et 31., 1976) is within the tolerance range of each species 

‘found in the samples; As previously pointed out, iron is released during 

The reduction of the surface sedients with a concomitant release of soluble 
‘reactive phosphorus in the decay of organic matter and the maintenance of 
‘high levels with anoxic conditions. The maximum tolerable level of phospho- 

rus‘ab‘ove..or below 1.3 umoles P/l for the faunal assemblages is gm in 
‘figure ll. The boundary line of 1.3 umoles-P/l (d.l2 mg Pot/l) is that 

found by-Burns and Ross (1972) to be "about average for anoxic hypolimnion 
"-water". Based on chemical data presented by Burns gt_§l, (1976), concentra- 7 

tions ofqsoluble reactive phosphorus in the bottom water of Lake Erie are
I 

‘ within the range of the tolerance limits of the various species found in. 

_of the reciprocal of the difference between the minimum oxygen requirement for " 

the lake.
V 

Relative to benthic shelled invertebrates, stress caused by reducing 

dissolved oxygen concentrations can be calculated as follows: The square 

the survival of the faunal assemblage and the minimum oxygen requirement.

9



Fig_ur’e 12. Di_sso1ved oxygen stress for Lake Erie (1975); ‘ 

AREA WHERE OISSOLVED Fe Lzss THAN zoo mm.~ 
AREA WHERE onssoweo Fu GREATER THAN 
I000ppb BU_T LESS THAN 4000ppb. 

AREA WHERE DISSOLVED Fe ‘GREATER THAN -4000 abs.~ 

A’ 

-Figure 10. Ma>'<im'um dissoived iron to1erated’b'y the osthacode species 
recovered from the sediment.-water‘ interface of Lake Erie (1_975)._

_ 

AREA WHERE ORTHOPHOSPIHATE ‘Is GREATER THAN 100 pbb. 

;l;I;Z;I;I;Z;I;2;2 AREA WHERE oRTHoP_Hos_pHATE IS LESS THAN 100 ppb; 

. . . - . - . . . . . .. 
. . . . - . . .. 

_ 

Figure‘ 11. Maximum dissoived iorthophosphate in which the osthacode species _ 

' recovered. from the sediment-water interface of ‘Lake Erie (1975)_cou1d exist-. _ 
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~ 
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STRESS. 4(< 0,12-7)_

' ~
~

~
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~
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for the survival of the last or most tolerant of the species of the faunal” 

assemblage (see appendix III).i Figure 12 is.a plot of this difference '(x), 

where (1/X)2 is referred to as dissolved oxygen stress. Lake Erie can be subdivided
_ 

into three subzones. The first area is that of very low stress located in 

vthe western and eastern basins. In the western basin, the difference ranged 

as high as 7.5 mg/l: while in the easternjbasin, the value went as high as 

8.3 mg/l. This means that the dissolved oxygen concentration could decrease- 

by 7 or-8 mg/l before_all¢ but one species, were killed off during their‘ 
' life cycles, which in most instances is one year," The primary difference 

between the western and eastern basins is one of species adaptation,‘ In 

A‘. the western basin, coloniaation has been relegated to those species with. - 

short life cycles so that the species population can be maintained by many
‘ 

liggenerations per year; a requirement brought about_by the developnent of 

recurrent anoxic conditions_and typical of shallow lakes and ponds where
l 

' large temperature and oxygen_fluctuations occur. In the eastern basin, 

colonization has been by species that tolerate more stable conditions; 

consequently these species are ones that have adapted to relatively high 

levels of oxygen.i The more cosmopolitan species will tolerate lower oxygen- 1‘ 
if 

V 

levels. ’As long as this condition is stable, the oxygen stress will remain 

low. The next oxygen stress area, located in the central basin, is of 

moderate to high intensity. The difference ranges from 0.7 to 2.8 mg/l, 

D0 stress of 2.04 to 0.l27. This area is nearly surrounded by the highest 

stress area. The high stress area, of zero difference, is where permanent 
i damage can be considered to have occurred. ‘Inspection of figure l2 indi- 

cates that the moderate to high stress area is being encroached upon by 

the expansion of the high stress area. Indications are that benthic shelled
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invertebrates in the central basin have suffered permanent damage 

by low concentrations of dissolved oxygen during the immediate past. 
4 

Burns and Ross (1972. P. l04) state "the rate of oxygen depletionip 

is clearly documented ....as being highest in the western end and along 
‘ 

r thesouth shorelinewhile the north shoreline,‘ 'midlake,'an'd _the extreme . 

‘eastern end of the basin had a lower rate of_depletion." Examination of 

— _figures 9 and 12, of this study, clearly indicates that the ptobiehi of l 

' 

oxygen depletion along the south shoreline and the western end of the 

j central basin has been in progress for some time, at least since_l930 

.j';i (Dobson et_alL,’l972). 

. 
‘ .RALEoLIMNoLoeIc INTERPRETATIONS “if

" 

AIn.l9S3, Benson and MacDonald discussed the distribution of fossil 
_

i 

ostracodes from several cores collected in the eastern and central basins 

_ 
of Lake Erie. The discussion that follows will be based on-the differences 

between the distribution of certain species of_this study and those they 

recovered from the Holocene sediments. Their figure 5 shows two species, 

gandona Aubxnzanguzaza and Candona.aawsoni (their nomenclature Candona 

nyenéis, see Delorme, 1970) as persisting to the surface sediments. Candonn 

Aubtainnguzata was not found in the central basin for this study.(Fig. 8) 

and must°therefore be considered to have become locally extinct,_at least 

45 years ago and probably longer,_because of the development of anoxic 

conditions._ The lowest acceptable limit of dissolved oxygen for C. sub- 

zniangukata is 5.6 mg/l. Apparently,_Candona aanmoni met with the.same 

-fate; although this is not known for sure because it is not that comon in
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the eastern basin. Benson and MacDonald (1963) comment that “this_speciesi’ 

vwas most abundant in the lowest part-of the Lake Erie cores and appears 

to become extinct towards the tops of the cores". The cores they worked . 

with did not penetrate the total thickness of the lacustrine sediments.‘ 

Candbna caudata of this study incorporates the species of C. caudata. 

and C. novacaudata of Benson and MacDonald (1963). There appears to be no‘- 

change in the distribution of this species. 

‘According to Benson and MacDonald (1953), "CgtheaLAba_£acuAtnLa was 

'. found in most of the shallow water cores, but it was sparse in the deep+ 
‘ water [eastern basin], 35-foot core." From this study, the species had a. 

good general distribution throughout both basins. Based on autecologicalv 

v studies of the two species, C. Zacubtflib and Candona Aubtnidnguzatd, (Tables 
' 

3, 4) there is no plausible chemical or physical reason why the two should 

not have co-habited the deeper part of the eastern basin during the Holocene.’ 

h 

The distribution of Candona caogmanéana given by Benson and MacDonald 

(1963) is for the bottom l5 feet of the 35-foot core from the deepest part 
H’ 

of the eastern basin. In this study. the species was recovered from the 

sediments of both the eastern and central basins. Because of a lack of 

~numerical data on their core, it would be difficult to explain this difference. 
‘5~ The virtual disappearance of Lémnocythefle finiabilia from the central 

.basin, as.shown in this study, is at variance with the findings of Benson 

‘in Lake Erie but most prevalen 

and MacDonald (l963), who state that it "was found at all core locations 
I 

tly in the shallow water cores and very 

sparsely in the deep water core ...".l The north slope of the eastern 

basin is where the species was recovered from the sediment-water interface 

‘samples of this study, indicating its shallow water (down to 20 meters) 

preference.
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CONCLUSIONS 

1. ‘The modern ostracode fauna is poorly represented in the sediment-. 

‘water interface samples of this study,’ This may have been brought about 

by the removal of the swimming forms when the water was decanted off the 

Shipek dredge sample. However, this should not have removed the benthic 

-forms which are commonly found below the euphotic zone, lRenewed_sampling 

_ 

for benthic organisms and the study of their chemical and physical habitat 

are in order. 

2. 
A 

The absence-of live benthic forms, with life cycles of at least one . 

iyear, was probably brought about by the development of anoxic conditions 

vat the sediment-water interface, and the regeneration of dissolved iron, 
'.copper and orthophosphates, at the sane interface, which could have become

' 

toxic to the organisms; 

. 3; 
I 

‘The distribution of ostracode species in the recent past is different 
‘T 

from that elucidated by cores spanning the last several hundred years 

studied by others, Indications are that there have been dramatic changes. 

in the chemical regie, such that many ostracode species have becone locally 
extinct from the various basins and, generally, displaced to the eastern 

V 

basin. More detailed.studies of several cores from the_three_basins would 

be in order. 

4.‘ Changes in the bottom fauna have been brought about by chemical and‘ 

physical changes in Lake Erie. This points out the need for analyses of 
chemical and physical data at the time of collection of the benthic fauna. 

This report would have been more Pertinent to changes that have taken place
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V 

if these data had been co11ected on this and phemious croises. "The stody h 

of bottom fauna'for the sake of studying the distribution of the benthit 

forms is littje more than use1ess. It does not allow one to determine 

:, the cause and effect re1ationships between organism and its.habitat, and 

e§entua11y the food chain and the aquatic environment "Lake Erie“. e
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APPENDIX I 

'oéTRAcoDE DISTRIBUTION BY
' 

I '§TATIoN NUMBER FOR I 

I SAMPLES COLLECTED 
‘ ‘IN 1975 FOR- 

LAKE ERIE _‘



:Phy1fim- 

Class 

Subclass 

Order 

.Suborder 

V'_Superfami1y 

Family 

Sdbfamily 

Genus; 

V Genus 

’ 

‘Family 

-_ Genus 

Genus, 

,u2%:~ 

‘:s¥sTEM$§Ics' 

.:ARTHROPdDA 

CRUSTACEA 

dsiRAconA
H 

~PODOCOPIDA M£11er, 1e§4‘ 

PODOCOPINA sars, 1é§6V. 

CYPRIDACEA.Baird;’1§45 

bCYPRIDIDAE Bair,.18@s
I 

CYPRIDINAE Bair, 1845 , 

..isocYPRIs Mfiller, 1908 

I4ocypa£4 quadmL4ezb4a, Rqme, 1947 

CYPRIDOPSINAE kaufmann,:19oo 

CYPRIDOPSIS Brady, 1868 

cgpaidopéis uidua (mfiller). 1776~‘ 

CYCLOCY?IDIDAE xaurmgnn, 19oof 

; 
PHYSOCYPRIA Vavra. 1898 

Phyzocypnia gzobuza fuftbs, 1933 

"PhyAocypn£a infizaza Furtbs, 1933 

Phyoocypaia puéiuioéa Sharpe, ;8é7 

CYPRIA Zenker, 1854 

‘Cg/plula ophzhamma (mine), 1820



I 

Family 

Genus. 

Family 

asubfamiifi 

Superfamily 

Family 

Génus 

'. - Superfamily 

Family 

subfamily 

28,4 

.C1»-XNDONIDAEA: Kaufmanri, 1900
_ 

CANDONA Baird, 18451’ 

‘ccmd-om acwta I-I_off,
‘ 

Canddna candxlda '(M{il1ef) , 
1776' 

__ 

Canddna caudata Kaufmann, 19ooV
. 

A Candona emogmaniand Turner; 1894." 

Vcandona. eabéptéca F-urtos, 1933 
’ 

' 

4'

' 

Candona e/Léenzsizs Furtos, 1933 

';Candona fiaba Benson & Macdoma1d9 1963j' 

Candona flauncwta . Furtos, 1933-’ 

Candona .€.rute/unedxla rfmptos, 1933 ’ 

Canddna Inawzsoni Treésler, 195_7 :7‘ 

'c,a'ndona /5ubi'/u'.¢mgti£_a.»taA Benson -& ‘Macdonald, .1963 

ILYOCYPRIDIDAE Kaufmann, 1900 

mILYOCYP1§IDINAEAKaufmaA.nn, 11900 

»ILYoCYPRIS Brady & Norman, lB$9‘b 7 

I£yoe,y’p2u'/.'s 

V 

b«'Lad_y£ ,lSars. 1890' 

DARWINULACEA Brady.& fiorman, 1889 

DARWINULIDAE Brady & Norman, 1889 

DARWINULA Brady & Robertsbn 13 Jones, 1885: 

Dcuwuénuza Ateuevusomé (Brady &ARo'bertson),‘ 1390 

CYTHERACEA Baird, 1850 
_ 

i

’ 

CYTHRIDEIDAE Sars, 1928 

NEOCYTHEIRIDEIDINAE Puri ,' 1957



to‘ 

so

. 

Asenus
’ 

‘ CytheaL¢¢a Zacuétnib (sarsf; 1863 

Family .’ LIMOCYTHERIDAE Klie, 1933 

Genus LIMNOCYTHERE afaay, 1868
_ 

» Limnocyxthe/Le Benscsn ‘&_Ma.cdona1d’, i96’3. ’ 

Limnocytheae inbpinaia (Baird): 1843
: 

Limnocythene onnaza Furtos;-l§33 ~V 
A

_ 

Limnocyzheaé b6eud$net£¢u£a¢a stapiifi; 1963. 

Limnocytheie Uednggoba Hoff, 1942_ 
J ‘~ 

Limnocythzne-6P. A3



~ 
I 

A-9 ..j—— 

'3 Candona acuta'3* 
Candona caudaiu 3 
candona caogmaniana 3 
Candona eaienAiA 3 
Damwinuza Atevenéoni 1 

B-5 

hcandona acuxfi 3 
Candona emLen4iA 3 
Cypn£dopAiA vidud 3 
Danwinuia Ateuen¢on£ 3 
I4ocypn£A quadniAexv4a 
Lzmnocythehe vemnucoéa 
Phy4ocyp¢£a £n5£a1a 3 
Phyaocyphia gfiobufia 1 3 

3.3; 

acutd.3 V 

Candona ezoéenuls 3
V 

Danwinula Ateuenéoni 3 
Iéocyphié quadniéeinéd 
Limnocythene venhucoAa 

I‘-Phybocypaia £n5£azu.3 
Phyéocyphié gzobufla 1 

§:§ 
lcandone acuia 3 
Candona aaudhin 3 
xcandona ea£en4iA_3 
‘vanwinuza AteUenAoni.3 

3
3 

Phyéocypnia gfiobufia 3 ~ 

3 
e—5 

"Candofia caudaaa3 
Candona en£enAiA 3 
Danwinula AtevenAon£ 3 
Phyaocyndia infizaza 3 
Phyzocypnia gzobuta 3 

* Indicates the state of life: 1. mature,.live 
2. Lmmature, live 
3; empty shells. 

_Candona inteamgdia 3 
’I4ocypai4 quadaibezoéa 3 

' 

,1; 30.. 

LAKE ERIE - WESTERN BASIN 

- c—e 

Candona acuta 3 
Candona cauda£a'3 
Candona enicnaig 3 
Danwinufla Atevenaoné 3 
I4ocypn£A quadmLAeto¢a 3 
Phyaocypnia inézaza 3 
Phyéaggpaia g£obu£a 1 

39:1 
_ M 3 

’3 ,Candona acuxd 3 
. Candona caudaia 3 
"Candona ehLen6£A 3 
Danudnu£a'4teuen4onL 3 
I4ocyp4£4 quadmiéexnaa 3 
vL£mnocythe1e vennucaba 3 
Physocypnia ingzaxu 3 

.. Phybocypaia g£obu£a 3 - 

C-9 

Candana 5p. 3 ‘
3 

cytheai44a £acuAzn£4 
' ~ .I4ocypa£4 quadm£4e1n4a_3 

D-4 

Cdndona caudaza 33
' 

Phybocypnia gzobuza 3 

Dfi6 

. 

. 
'Candoha’acuza 3 
_'Candona caudat13 
Candona enienaié 3 
Candona 4p. 3

. 

Candona xnuncaza 3 
Candona efifliptica 3 
Cypaidopéia vidua 3 
Damwinufia Atevenboni 3 

Phgzocypaia g£obu£a 3‘



A 

' ..D-‘7 

Candona /LCCW-'40‘?!/(1. 2; 
L,0nnocy1.fhe/Le -M9.-. .A-3 ' 

D-8 

Candona acwta. 3 
Candona .caudaJ:a 3 
Candona ezuéemu _3 

Candona A10. 3 A 

Candona efltépztéca 3 
Cypmédopulb wldua. 3 

_A ‘ 

Cythe/uémsa £acws4‘2u'.¢ 3 
3 Ateuemoné 3 
Izsocyptuls quad/u'.5e,to»5a 3

‘ 

Limnocythelze 3 
Phyzsocyproéa xlnfilazta. 3 
Phyéocyplula g£obu.£4. 3 

E-3~
’ 

; 
.'Candona c.cLu,dax:a3 3

' 

. Iaocypuz quad/u26e,toAa 3 
A Phyéocypluéa «én5£a.ta 3 

E-4 
V 

Candona 2 
Dcuumlnuila Azevemom" 3 

- Phyéocypmos gflobuza 3 
’ 

B-5 1 

I 

Candona Ap. E " 

Candcma acwta 3 ‘ 

Candona. caudmtrz 3 
Candona. vuéenzsxlb -3 
Candona fLaw/.som'. 3 
Cg/4the2z/(‘Ma Zacuzwvuias 3 
I2.socypIu'.5 quadnuexoéa 3 

«- Phy2.so‘cypIu'.d .én5£a»t_a 3 
Phyaocgprws g£abu£a 3. 

. 
PhyAocypru'.4 puameoxsa 3 

F-3 

candona 6p, 3
' 

' 

-Da/uoxLnu1’.a bteveyvsorbé 3 

_ 

Candona 4p.‘ 3 

'31. 

F1‘-".4. ‘ 

Acdndomx 3' 

Candona ebflépxtéca 3 
*Phy2.soc.__ypIu_’.a gtobula 3 

V F-5 

= 

A 

Candona 3 
Izsocypruvs 3 
Ph-yaocypruéa mg/cam 3 ' 

Phyaocypua g£obL_L£a. 3 

Caridéna 
Phywcypruéa infifiaxa 3 3 

F-‘7 ’ 

Candona 2‘ ‘

- 

'_ F-8‘. 

fandbna 'ae.u,ta.'3“'4 
Candona. 'ca,u.da/ta 3’ 

.
- 

Candona .2/Léenzsxlzs 3 - 

Iwcyplulé quad/zxlbexqba 3 
lxxnnogythe/Le /Sp. VA. -'3 

El.‘ 
. 

_. 

3VCa.ndona_ApV.. _3» ~¥ 

G.-6" ~' 

‘ 

. ‘Canddna. IwwAon_,£ — 

. Acypruldopuvs wldua
_ 

9:1 
Cdngiona caudcmi 3 
Candam hp. 3 
Candona /Lawzson/L 3 

G-8



B-12 

candona cauda1a.3 
Candona caogmaniana 3 

B-14 

.Cahdona aaudata 3
V 

Candona caogmaniana 3 
CytheniA¢a £acu3tm£3 3 

¢-11 

:.Candona caudaza 2 

C+13 
’ Candona cauda.ta__ 2 

A 

c415 

Candanabcaudata 3 

C717
I 

Nil 

D-10 

Candona acuxa 3 
Cqndona gaudaza 3 > 

Candona intenmedia 3 
- 

. CytheniA3a £acuAZhiA 3V 
ubnnocgthe/Le Ap. A. 3 

D-12 

.Candona cnogmanidnd 3 
Cythediéba Zacubznib 3 

‘ D-14 

Candona caudafim 2 

Dale 

Candona caudata 3 
CyxheaiA3a £acuA1niA'3 

'3 
32.. 

' LAKE ERIE - CENTRAL BASIN 

n-13 

Candona cdudata‘2' 
cgpn£dop4;3 vidua 3 

3-11 

Cgndona caudgxa 1 __ 

“E-13 

; candona caudaxa’3 
Candana3cnogmaniana 3 

'.4Cy:heaz4Aa Zgcuafihia 3 

E-15 

Candona cdudaza‘3 
cnogmaniana 3. 

Candona aawaoni 3 
2 Cytheniééa £acuAth£A 

V”3 E417 
_ 

'_ 
V

H 

caudata. 
=Candona caogmaniana 3 _ 

' 

cyzhe/wsgsa _3
‘ 

.'3~:E-1? 
— ‘ 

I

I 

1 candoha caudaia 3' 
Cypdidopbié vidaa 3 

..—I4oeyphi3 quadaLAezD4a 3A 
'PhyAocypaia znazaza 3 
Phgéocypaia g£obu£a.3 

no 
” Cythe&£3Aa zacu3znz¢33 

F-12 

Candona caudfiia i
3 

Cythe1£34a £acuA1WiA 3



' 

F-14 

Candona acu,ta333 ' 

Candana. c/Logmamkcna 3 
cyzhan£34a zacubxnia 3 

_ 

F-16 

Candona céuduxn 1 
Candona cvnogmanixzna 3 
Candom fiaba. 3’ 

Cythadibba £acuA1fliA 3 

_ E1433. 

Candona madam 3 
Cythe/u'A2..sa 3 

F-20 

Candona madam 3 
Candona. c/wgmarulzna 3 

; 
Cytheiulbba zacu/31'/ulé 

‘

3 

F-22 

. Crzéndonai-_cx1udaA2‘,a 3 ‘V
_ 

‘G-9 - 

Ccindona caudagta '3
I 

7 G-13 

Candona. .c11uda/111 1 
Zacuétdib 3 

Candnonha caudaxa ‘2 

G~l7 

(3 Candona. cczudautaz 
Cyxthe/M’/34a gamma 3 

G-L9 
V 

'

' 

Candbna caudwta 1 
Candona. c/Logmaruama 33 

Cythe/u'A4a zacuu/zizs 3 

33.3- 

§4¢¢¢5%2V 

I 

3 Cahdfina 3

3 
CAy_y‘o/zxldopbla wédua 3_

V 

Iéocyp/Léé quad/u>se,to».sa. 3 
PhyAocypnia infilata 3 
Phyéocg/p/u'.a. gzobuzo. 3 

fi'3_Cyzhen@A4a £acuAzhi4 3 

-_ 
.'Ni"1f ’ 

11-12 
I 

‘ 

V3 

éifidona 
_ 
caudaia 3. 

A

. 

I 

‘A Cyihefliééa £acuA:m£A 3
A 

,Ag£££3 
A 

‘ 
3 3 3 

I 

Canclona, ($10.. 
‘3. '

3 

'C‘cLndo}i2i.cauda,ta3.‘3 
" 

, 3
3 

Candaimfi cJwgmiz'm'ana_ 3 
— Candona fiaba 3

' 

_. 
Cyth_e2u'_2s4a £acu.§4‘/M25 3 

VI-I-18 

Caridon:1'e;c.auda.ta3 
'

' 

Candona c/Logmaydana 3 
CyzhehLA4a £acu4zni3 3 

H520. A-' 

I 

nncandofia 
I 

caudcufa 3 
Candona intenmedia 3 

' H-22 

Candona canctéda 3
' 

Ccmdona caudcbta 3 . 

Candona. 4’)/utefzmedzéa 3 
Phgzsocyprula Ap. 3



cnogmaniana 3 

: 

I-13 
_ 

: 

~ ~'_ - 

' "' ”‘.. Candona aawéoni 3 

-Candona 6p. 3 » 

3 

-_ 
’ 

H. 
“: 3 

. Iaocypnib quadn£4exnAa 3.‘ 

‘I-17 
. 

*' 
- 

-_ g3. 
I 

. "3 _' _. Phyéocypnia bp. 3 

_CytheméA¢a £acuAzhi4 3 

'_I-19 
_ 2 

- __'» ‘_: 
' 

Cyzhen£4¢a £acuA1RiA 3 

1-321 2 

.3 '»:‘.3_é'?V'«‘..he/z,<xsV_3'_4‘sa'£aziz4A.47z,<.6‘ 
'2

3 

' I-25
. 

7
Q “Candona Ap. 2 

34. 

H-24 
" 

_3 
* .‘ 1V“j 3-20

V 

Candona caudazu 3 . 

__ 
_ 

' " 
. .,jCandona en£enAiA 2 

- ~ 
'. 

. 

' ..Cythen£4Aa £acuA1fiiA 3 
H-26 » v.. 

3 

- 

.3 » 

_ 
. J<22 

Candona caudaia 3 3 . I 
.. 3 

. 

f*"' V 

__ 

Candona candida 3 ‘. ‘ ' 

. 3 caudata.3 3 

'~ 
» 

‘ 

3 
A 

u, 
’ 

A 
' * Candona cnogmaniana 3 

I-11 .' . 
. 

.' 
. 

' ,' - Cy£hedLA6a‘£acuA£hiA 3 

Cafidona caudatm 3 '. 
» 

. 
-—2: 3+2; 

';Candona cauddxu 
I 

' 1'. . 

H § 

Cytheaisga £acuAxniA 31 

Cyxheniéba Zacubznia 3 
‘ 

V 

A 

I 
g 5_, 

' 
’ 

Phy¢ocypn£a gzobuza 3 

Candona 3 
-H 

I 

' 

L canddna c/fiogmancafia 3
_ " " 

‘ ~‘w' 
- Cythehizsa £acu¢zni4 3 

candana cauddza_2 
’ 

1 '7 
I 

V, 

V 

2”‘ 
‘ 

' 

4x-15 

Candona;c¢uda1#.3 

Candona inteamedid 3 1 

_ 

v”‘v 3 23K_1j .; 

Candonahcauddfifi 3 
A 

» 

‘ 
‘A3 

_ R419 
Candonq cmogmanianq'3 ' _. » 

‘;""‘ ' 

\> _' » 

C9the”*44“ 4“¢“41”*4.3 ' 

V3_»» 3 
’ Candona caudata 1 

— 

‘ ‘ 
3 

- 

' Cyzheniésa £acuA1niA 3 

CyiheaiA4a £acu4znx4 3: 55%; 
‘ 

' '- 
_ _ 

-* Candona_caudaia 2 
Ellé. 3 

. 

- 

. 
1 Cyth¢ai4Aa.£acu4xnx4 3 

3 

' 
' 

' 

- 

_ 

Candona candida 3
A 

9il§ 
K 

_ 

Vv I 
I 

K-23 

Candong Ap. 2 j‘ 
V 

' 

V 

E 
V 

canaona caudaxa 1‘ 
¢9*h3“‘55“ £“¢“‘1"*4 2 

- 

' 

. 

‘ 
’ 

cytheniA¢a Zacubiniz 3



L-'18 

Cancfona audam 3 
Cyzthejwsaa £t1_cuA1?u'A 3 

' L+2O 

V 

Candona caudaxa 2 
Cythea£A4a £acuAzn£A 1 

. 

L-.22 

,Candona aaudatd 1’. 

L-24" 
H 

Candana aaudwm 1 
Candona. c/Logman/éana 3 
Candona nawéoni 3 . 

Iéocypluls quad/ul6e,to3a. 3 
bbnnocyxthe/Le 6Iu'x1b4'LUs 3 
_L<'Jn_3n,0cyth,e/Le VUULLLCO/Ad. 3 

' Lémnocyzthe/Le 4p. A. 3 
Phyéocyp/uh gzo bwfia 3 

A 

-1-.-2'5 

‘ 

‘ Candona candida 3 
-. Candona. caudaia 3 

Candona. /uzwooné 3 
Cythe/uma £acu_A»Uu',6 3 

A 

' ~M-137 

Cafidond caudwta 3 - 

Cyiheai4Aa Zacuéifiié 3 

M—19 
K

V 

Candona caudmtd 1 
‘ 

14-21 

3 Candona cdudégta ]__ 

14-23 

Canddna caudwta 3 
Cy/the/L05/sa £acu.5i'/ulb‘ 3 
Iéocyp/zjzs quad/M362/to/5a 3 

- Limnocythe/Le 5/u'a.b4'L('/5 3 
Limno cythme ve/zfcucozsa 3 ‘ 

Phg/Aocyp/vb: gzobu/za 3 

’ 1M;2s 

_ 
Candond caudaza 3 
Cythenibéa £acu¢xni3 3 
Ibocyp/‘u’A quad/ulée/tozsa 3 

'
' 

’ Limnocythelte 6Iuéab4'L<',4 3 
-' Umnocythe/Le 610. A. 3 
Phyaocyp/Lia gzobufia 3

H 

’ 

N-320 

Candona cafidwtd i3 
3 cyrhexuzsm zacmsmus 33 

4.N-22 

cénddna cauddta 3 
Cytheniaaa zacuéihiz 3 

A- " Iéocyp/u'2s quad/uL5e,to4a *3 

» Phyéocyp/u'a 6p. 2



"LAKE fingg ¥'EAsTEfiN BASIN 

I-27” 

Acandona Ap. 3 
‘Candona Aawéoni 3 

‘ 

.1929 

Candona caudaia 3 
CypIu'.dop44'.3 wldua 13

A 

Ibocypnzb quadaibezoéa 3 
; 

Phybocypnia gflobuza 3 

Candond bp. 3 
J-30’

’ 

CandonaA3p. 2‘.‘ ‘ 

Phyéocypaia gzobuza 1 
’ 

K‘. 29 

Candond caudaxa 1 
Candona aaogmaniana 1 _ 

Candona -Iwwaorpé 3 
~ Candona. Aubmangweata 333 
Cyxheai33a £acu3Ihi3 1 

3Limnocyzhe&e'6niabLLL3 1‘ 

Kr3l7 

Candona caudaia *3 
Candona cnogmaniana 3 
Candona1fiaba 1 
Candona AubznLangu£aIa,3 
CytheniA3a £acuA1niA 3 

‘vC¢ndona Edudaxa *3 
Candona chogmaniana 3' 

‘V Candona fiaba 3 
Candona nawAon£ 3 

‘Candona Aubthianguflatd 3 
CytheniA3a>£aeuA1ni3 3 

b 

Phyboaypaia gzobuza 3 

* 
A 

dwa;rfed forms . 

" 

L-3o 

Canddna cand£da 3 
Candonalcaudata *3 
'Candona chogmaniana 3 
-Candona fiaba 3 
Candona nawéoni 3 

.. Candona Aubtnianguflata 3 
'Cy¢hen£AAa £acuAifiiA 3 . 

’L¥32 

Candona ddndida 3 . 

.Candona'caudaza *1» 
V-3.Candona cndgmaniana 3 

1 Candona’6aba 1 
Candona erulenzws 3 

_

. 

Candona Aub¢niangu£aza 3 
cytheaiaaa zanu3xxx3 3 

'i;M-27 

* Candona caudaia 2
‘ 

,_..Candona emienA£4 3 
. 
candona aaw¢onL 3 ’

_ 

vI3ocypniA quadn£Aezn3a 2. 
.'L£mnocyxhene Ap. A. 3 

1. ' 
' ’ 

»'-.'Candona caudaxu 3 
_Cand0na candida 3 
‘Candona caogmaniana 3 
"Candona‘e1ZenA£3 3 
Candona fiaba 3 
Cdndond Aubtkianguiaia 3 
Cythen£A3a £acuAtni3 3 

"*f'M-31. 

Canddna candida 3A~1 
Candona caudaia *3

_ 

Candona cnogmaniana l ’1 Cdndana emienbib 3 
Candona Aubihiangulaia 3 

j Cyxheaibaa £aeuAIh£A 3



Mr35 

Candona caudaza 3 
_ 

__ 
IAocypaiA quadmiaetoba-3

_ 

. 

N-28
_ 

Candona caud¢Ia 1 
Candona hawéoni 3 
Candona Aubtniangulaia 3 
CytheniA4a £acuAzniA 1 

-- Iéocypaib quadaiAexoAa 1 
Izyocypnéb baadyi l 

' 

.La£mnocy»the/Le 6/'u'.a.bLU.A A1 

Limnocythene p¢eudoaexicu£ata 
Limnocythene Ap. A.3 3 

- Phy¢ocyp/ulz gltobuza 1- 

Nf3Q ' 

Hcandona caudaza *+3 
Candona cmogmaniana 1 
Candona fiaba 1 

I 

» 

Candona aauuoni 3 

'7 Cdndona caudaza *3 

Candona Aubthianguzaxu 3 
¢ythen£¢A4 zacuaznia 3 

N-32 

Candona caogmaniana 3 
vcandona 5aba_3 ’ ' 

N-343 

Candona candida 3 
1 Candona caudaza *+3 
Candona caogmaniana *3 
Candona fiaba 3. 
Candona @awAonL 3 ‘ 

Candona Aubzniangukaza *3 
- Cythen£A4a £acuAtniA 3 
I4ocypn£¢ quadmibetvéa 3 
Limnocytheae 5niabi£iA 3 

‘ Phyaocypnza gfiabula 3 

'* dwarfed forms 
+ normal size forms 

A 

',,Cyphia aphtazmica 3 

-'3 
37. 

Efv N936 

3_.Cand0na caudaxg 3 
. Candona caogmaniana 3 
Candona naw4on£ 3 H. Cyphidopbib vidua 3 
Icoaypnia quada£4e1bAa 3 
Phy¢ocypnza Lnfizaza 3 V‘ 
Phyéocypnié gzobuza-3 

o-27’ 

Candona caudaiu 1 -

_ 

CytheniAAa £acuA1fiiA 3 . 

I¢acypm£4 quada£4etn4a 2. 
Izyocypaib bnady£ 1 
Limnocytheae éaiabizié 3 
Limnocytheae inopinaia 3 

. Limnocytheae onnaza 3 
'

2 
.Limnocytheae p6eudo&e£icu£ata_3_ ~ 
Lijnnocyathe/31.2 vUUw.c0Aa 3 

-Limnocytheae 4p. A. 
Phybqcypnib g£obu£a l 

. 

0-29 

Candona caudaxa 13 
Candqna Aubzvuéangufiwta .3

_ 

cythea£44a Zacubiflib 3 
Iaocypnié quadniéetoaa 2 
Limnocytheae fiaiabizié 3 
Phycocypaia gflobufla 1 

0131. 

Candana adudaza *+3 
Candona cnogmaniana 3 
Candona fiabq 3 

_ 

.

- 

Candona aawéoni 3 ‘ '. 

Candona Aubznianguzaia 3 
CyiheA£AAa‘£acuAifiiA 3



o-33
’ 

. 

Candona~cauda1u *+3 
Candona cnogmaniana 3_ 
Candona. Iuzwéoné 3 
Candona Aubtnianguzatg 3. 
Cytheni44a Zacubtnib 3 
Limnocyzhene finiabiflib 3 
PhyAocypniA gzobuza 3 

HEEL 
Candona caudata *+ 3 
Cytheniaba Zacuétnié 3 
Lmmmm%Me¢p.A,3 
_Phy¢ocypnia Lnfifiaxa 3 
0-37 

Candona caudatg-3 
CypnidopAiA‘vLdua 3 

’ IAocypaiA quadnibeznéa 3 
Phgbocypaia gzabuza 1 
'PhyAocypnLa in5£axu.1 

P-30 

Candona caudata 2 
. Candona Aubxnianguiaxa 3 . 

Cyphid0pAiA vidua 3 . 

Cyihehiééa £acuAiniA 3 
-I4ocypaiA quadniaexvéa 2 
Limnocytheae,5aLab£££A 3 A 

Limnocythete péeudonexicuflata 3 
.L£mnocythe&e.vennuco3a 3 
Limnocythene Ap. A. 3 
Phyéocypaia g£obu£a 1 

P7-332 

Candona caudaia.3 
Candona fiaba 3 
4Candona aawaoni 3 
Candona Aubihiangulaia 3' 

fivcmmemazazaawzma 3 
Iéocypaia quadaiéexvaa 3 
Limnocythehe 4p. A. 3 

‘ 

PhyAocypniA globufla 3 

* dwarfed forms 
1‘ normal size forms 

P434 
‘" 

@Af’:Canddna caudata 2' 
. 
Candona hawaoni 3 
CypnidopAiA vidua 3" 

' Cytheniséa iacubinxb 3 
Limnocythehe—5hiabi£iA 3 

‘ Limnocythene vennucoAa 3 

vP€36v 

éahdofid fiaudatfi 3-’ 
_Candona caogmaniana 33 
Candona fiaba 3 
Candona hawooni 3 

“-1. Candona éubiniangukaxn 3 
'Cypnidop4iA vidua 3. 

3,V_Cyzhzn£4¢a £acu¢zni4 3 
. 
limnocythane ékiabizib 3 
.L£mnocythzne veaaucoba 3 

' 

-. Limnocythe/Le by). A. 3 _ 

K» Phyéocypnig gfiobufla 

; ..-J: 
_ p 

13 3'.CythenZAAa £acuAxni;‘3'
_ 

‘j ‘laocyphéb quadhibetoéa 1 
~3~Phy4ocypn@a globuia 1



A?PENDIX71I 

° 

7GEOGRAPHIC COORDINATES or 3 
' 

’LAKE ERIE
° 

(1975) 
7 SURVEY STATIONS

” 

Station Numnbgr ' 

I H 

Lat1'tude’N. _' 

_ 

A 

LOng1‘tudé w. 

. 
A-'9 7 41° 27' 16" 5 

1. 
2 82° 25' 12" 

7 B- 5 
1 

~_ 41° 32' 15" _-- 82° 55' 05' 
B- 7- 7 

“ 

79 
41° 32' 29" ' 7'7 82° 40' 42" 

[7 8- 8 77 41° 32' 35" 
1 

7 

82° 33' 31' 
B-10- 7 7 

1 41° 32' 42" 
7 

7 _'7 82° 19' 08"
7 

. 

7 
8-12_ 

3 

' 

1 

41° 32' 55" 11 17'. ‘82° 04' 45" 
7 8-14 

3 

7 

7 

41° 33' 02". 1 1 7 _81° 50' 22" 
c- 4 1 

1 

7 

7 
41° 37' 32" 7° 7 

83° 02' 25" 
c- 5 

' 7‘ 
1 

41° 37' 40" ' 

7 

7’ - 82° 55' 14' 7 

c- 5 * 
7 41° 37' 45" , , 

1j 82° 48' 02"_ 

0- 7 7 

7 

.7_ 7° 41° 37' 53" 37 ' 82° 40' 55" 
1c- 9 

2 
3 =741° 38' 05" 7 82° 25' 25" 

0-11 7 

1 

7 41° 38' 14" 7 

1 82° 12' 02" 
0-13 7 

7 

_’ 41° 38' 23" 
7 

81° 57' 38" g 
c-15 

‘ 

_ 
7 

41° 38' 29" 
. 

7 

1)“ 81° 43' 14" 7.7 

0-177 1. ’f 
1 41° 38' 45' . 

1 

’81° 28'.49" 
0- 1 ,' _7 41° 42' 31" ‘ ‘,1 83° 24' 14" 
0- 2._7— 

3 

41° 42' 40" 1 83° 17' 01" 
0- 3 * 

7 
41° 42% 48" 783° 09' 49' 

0- 4 41° 42' 56" 
7 . g 

83° 02' 

0- 5 .7 41° 43' 04" 
‘ 82° 55' 24" 

.0- 6 
_ 

V 
_ 

41° 43' 11" 
7 

82° 48' 11" 
0- 7 1 

3 

41° 43' 17" ' 
' ' 82° 40' 59" 

_ 

0- 8 3 41° 43' 24" ‘ 82° 33' 45" 
0-10 7 

7 
. 41° 43'734" 

. 

1 ‘82° 19' 21“ 

0-12 7 41° 43' 43" 
4 

82° 04? 55" 
0-14 ; 

7 41° 43' 50" 
7 

81° 50' 30" 
0-15 

‘ 
3 41° 43' 56° 4 _' 1 81° 365704" 

0-18 ' 

1 741° 43' 59" 81° 21' 38" 
E- 1 

“' 
. 

7‘ 41° 47' 55" 83° 24' 25" 

E-72 41° 48' 04" 
4 

7 

‘ 83° 17' T3" 
E- 3 41° 48' 12" 11 83° 10' 00" 
E- 4 4 1 41° 48' 20" 7 

7 
83° 02' 47" 

E~ 
3 

7 41° 48' 28". 82° 55' 34'' 
41° 48' 35" 82° 48' 21"



' 

Station Number 

I 
15- 9 
E—11 
E-13 
E-15 
E-17 

. E-19 
F- 2 

41° 
- 41° 
41°

1 

1 

~ 41° 
1' 41° 

.1a11tude N; 
'1 

'1' 

53'! 8 

,_ 0311 
1111 
-I711 

1 

25"" 
28H 
36 II 
44" 
51 '_' 

5911 
05" 
111! 
22." 
31 

1 3'9'_'_ 

44" 1 

48" 
. 50" 
50-1“ 

00'‘
' 

08" 
23-" 

35'_' 

'41 

52" 
59" 
0611 
08H 

11" 
‘I311 

"4l| 
13" 

"I'll! 

119 
2011 

1 27" 
33" 

8 37" 8 

22"
1 

29"1-W 

82° 
81° 

. 
8 

~ 81° 
1 81° 

26' 
12' 
‘57' 
43' 
28' 

_w 
83° 17' 

10' 
02' 
55' 

48' 
41' 

19' 
05' 

1 

50" 
36' 
21' 
07'. 
52' 

'Longitude W. ,. 

782°- 41" 
14” 
48" 
21 ll 

54?‘
1 

270
' 

25H 
1] II 

58H 
44H.‘

- 

30" 
169 
02 H 

3411 
. 

‘V 

1'1 

38" 
10" 
.42" 
14H 
46" 

' 

22" ’

1 

39" - 

25H 

-5610} 

2611 

58" 
2811 
1311

' 

.5911 
2911 
0011 
3011 
01 11 

4811
' 

17" 
47" 
17"- 
46"



— "J Stat10n Number 
H-20 

' .H-22 
- H-24 
H-26 
I-11 

I-13 
» I-15 

L-22 

L-24- 

"Lat1fi0de'N;0 .1 

05' 33" 
0s'.3s" 
05' 37" 
05' 33" 
‘lo! 

‘I 

10' 48" 1 

10' 55" 
10' 59" 
111 02h‘ .V 
11' 02" 4

' 

11' 02""' 
"OI 59“ . 

10' 55“ 
10' 48“ 

.161 2]u._' 

16' 25" 
16' 26" 
16"26" ' 

16' 25" 
16' ->21" 

2 15' 15' 
16' O8" 
21' 43"‘ 
21' 47" 
21' 50" 

21' 51' 
’21' 50' ' 

21' 47"‘ 
21' 43' 
21'_35" 

521' 28" 
27' 10" 
27' 13" 
27' 15" 
27'-15" 

27' 13" 
. 27I ‘loll 

27' 04" 
26' 56" 
25' 

07' 
52' 
33' 
23' 
12' 

58' 
43' 
29' 
14'. 
00' 

:45’ 
_30' 
16' 
01' 
'36‘ 

21- 
07? 
52' 
_38' 
.23‘ 

09' 
54' 
43' 

14' 
6 

00' 
45' 
30' 
16' 

47' 
36' 
21' 
07' 
52' 

38' 
23' 
08' 
54' 
39' 

"Longitud ‘W. ' 

15"’ 
V443! 
‘|4ll 

43"- 
39" 

070 
.35" 
04a‘ 
32u 
00" 

28" 
55" 
25H 
53“ 

50- 
17"." 
43H 
11" 
37" 

04a 
31". 
43" 
08!! 
34" 

00 ll 
25" 
52a. 
17a 
43" 

080 
29a 
53a 
18H 
42". 

06 ll 
31 ll 
55"

1 

20“ . 

45H 

23" 

1 

_ 

141.



Stati00 Number 

M-17 ' 

.M-19 
M—21 
M-23 

M-27 
M-29 
M-31 
M«32 
M-33

_ 

‘..M—35 
N—20 
N-22 

- N-28 
N-30 

4N-324 
N-34 
N-36 

.» 0-27 
:_ 0:29 

0431 

42° 32' 
42° 32' 
42° 32' 
42° 32' 

'-42°V32' 

2 42° 32' 
42° 32' 
42° 32' 
42: 32' 
42 32' 

42° 31' 
1. 42° 38' 

42° 33' 
42: 37' 

37' 
2 

42° 37' 
‘42° 37' 
42° 37' 

‘_42° 43'» 
42° 43' 

42° 43' 
1 42° 42' 
42° 42' 
‘42° 42' 
42° 48' 

3 42? 43' 
42: 43'

I 

1%» 23- 
41° 45' 

O I 41 51 

"L3t1tude.N. 

33" . 

38" 
40" 
38" 
36H 

31" 
25"i‘ 
'|6ll 

1"" 
06" 

54" 
04" 
.04“ 
52" 
45;: 

35M 
24" 
11"’ 
'|9lI 

13" ’ 

05 ll 
55H 
42" 
28H 
_33" 

24"‘
' 

13" 
5911., 
44" 
40' 
1""

_ 

32° 52' 

81° 
81° 

_1 81° 
~ 800 
809 

'80° 
1 

0 

30°, 

78° 

29' 
14' 
00' 
'45‘ 

30' 
16' 
01' 
46' 
39' 
332' 

17' 
. 07' 
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‘. APPENDIX I11 

TCALCULATION or THE MINIMUM TOLERABLE ._ 
“.hISSOLVED OXYGEN LEVEL ACCEPTABLE FoR__ 

". 

i 

THE OSTRACODE FAUNAL ASSEMHLAGE AT 
" 

H. 
i 

STATION 1-21. 
d

i 

u 

_d_' .AND 
_ 

> VA_ 
THE DISSOLVED OXYGEN STRESS AT 

i i 

STATION 1-21 

Minimum DO_ieHe1* 

Candona caudatd 
V 

HUT‘ -fiH2;3 mg/1 
Candona caogmaniana H_ j2;3‘mg/1 

The required vaiue (3.0 mg/1) is then the highest of these minimum 

Vaiues which wi11.sustain a11 of these species at the same 1oca1ity.V
‘ 

Disscived Oxygen Stress 

The DO stress vaiue is the difference between minimum DO value re- 

quired to maintain the assembiage (in this case 3 mg/1) and the minimum- 

value required to maintain the last species (in this case 2.3 mg/1 for either 

C. caudata or C. caogmaniana). Therefore, the difference is 3 - 2.3 = J mg/1, 

and the D0 stress is (1/.7)3 = 2.04; ’ 

* From table 2.
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