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- ABSTRACT

Sed1ment samp]es collected from the sed1ment-water interface from

Lake Erie in 1975 indicate the presence of a few 11ve she]led 1nvertebrates '

i (ostracodes) Of the 26 spec1es 1dent1f1ed on]y one, Candona caudaxa

" can be considered as successfu] today - 1n Lake Er1e CyihenLAéa ZacuAIWAA
_and Candona Aubzmuangutaza pr1mar11y recovered as empty she]]s in th1s

e,study, indicate that these spec1es have become extinct because of a |

rchemlcal and/or phys1ca] change some time dur1ng the 1ast 100 years in ;,

Lake-Er1e. Dissolved oxygen stress patterns verify the oxyoen dep]et1on

pattern noted by Burns andiRoss (1972)_and 1nd1cate 1ts ex1stence for some

time in the central basin.




INTRODUCTION
- {iteeneraT. Modern ostracodes have been studied from_]oca]ized}areas
within Lake Erie. Furtos, 1933, studied the ostracode fauna from weedy -
inlets, stony bars and rock pools, all atvdepths'of less than 25 feet in
the v1c1n1ty of the Bass Islands. DeTorme (1977a) 1dent1f1ed the ostracode
fauna between Port Glasgow to Po1nt PeTee 1n conJunct1on W1th a sed1ment
survey by St. Jacques and Rukavina (1976) Benson and MacDona]d (1963)
studied fossil ostracodes from severaT cores obta1ned from the centra]
and eastern bas1ns | _ " . | ':
) ‘The ostracode (seed shr1mp) is a. benth1c or sem1 nekton1c organ1smv}”
which feeds on organ1c detr1tus Those that are sem1 nekton1c craw] on
or swim around p]ants feeding on the pTants as well as organ1c detr1tus.
Those that are benthtc forms crawl on or burrow 1nto the bottom sed1ment
(down to 2 cm) and feed on organlc detr1tus The d1fferent spec1es can
toTerate very d1fferent concentrat1ons of chemical components in the water }
| In order to determ1ne the phys1ca1 and chem1ca1 character1st1cs of -
the aquat1c hab1tat that a partlcular ostracode species occupy, the author.
has, dur1ng the years 1965 to 1976 samp]ed 6,720 stat1ons across Canada.

These autecoTog1caT data are presented here for the three spec1es to be

d1scussed (Tab]es 2 3 4).

-Method of,co]]ection and'preparation, Duntng~Septenber‘of11975,v0r.
C;T,'Delllcollected sediment samples from the sediment-Water interface

of Lake Erie, for sedimentoTogicaT and mineraTogicaT ana]yses' VOf the' '
four Sh1pek grab samples obtained from each of the 150 stat1ons, one was.
used for the study of m1neralogy and she]Ted 1nvertebrates The sed1ment

was wet-sieved immediately after sampTing using Targe diameter sieves retainingf




‘ a11 fractions .greater than 63 m1crons vThe residue was oven-dried and

"~ then dry-s1eved into fractlons of >2000 microns, 200 to 250 u, and

250 to 63 He Pr1or to wet-s1ev1ng of the samp]es the water wh1ch rema1nedvf

in'the Shipek bucket was decanted. Free-f]oat1ng or non- attached organ1sms

' were probably lost at this t1me A]so, pressure wave may precede the

- Shipek samp]er if. 1owered rap1d1y, thereby sweep1ng away some of the sem1-, '

nekton1c organ1sms and the organ1c f1oc above the mud-water 1nterface, as
has been descr1bed by S]y (1969) and Brinkhurst (1967) L |
, | For each sample stud1ed the state of 11fe for each spec1es waeﬂ

N recorded as live or fossil (empty shell). Twenty percent of the stat1ons

- contained live specimens. Of all the spec1mens collected 14 percent were-
M a11ve w1th half of these belonging to the spec1es Candana caudaia The f
.1dent1f1cat1on of the species for each samp]e is given in De]orme (1977b)
'Tab1e 1 lists the ostracode spec1es recovered dur1ng the 1975 cru1se

See append1x I fora comp]ete 1isting of ostracode spec1es by stat1on

'Append1x II conta1ns the geograph1ca1 coord1nates for the stat1ons

- ——— T TP A
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 ‘Candona acuta
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Cypria ophthalmica -
e Candona Aubmangumm
L Tlyocypris bradyi
: mnocy,th_e)(_e_ LnoanaIa
. Limnocythere ornaia . _
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o Tab]e 1. Relative occurrence of ostracode spec1es within the three basins
: regardless of state of life.

* M — life cycle in terms of weeks to: severa1 months
Y — Tlife cycle in terms of one year



DISTRIBUTION OF OSTRACODE SPECIES
AND SPECIES LIMITATIONS

westerndBasin; '0f the 26 ostracode species found in the Lake Erie

sedinents,‘only 16 are represented'in the‘western basin. " As'there were
: :on1y four 1ittora1 (where the euphot1c zone 1ntersects the substrate
| of the shore zone) samp]es co11ected in th1s ‘basin, those spec1es whose :‘
re]at1ve occurrence is less than 15% are e1ther‘11ttora1 spec1es orideeperf'
:water.forms which have a_sma11vchance‘0f occurrjng fn'atsha11ow_basfn.' |
Thi5f1eaves Seven species whichacan be considered'typiea1hof the_western""
basin dur1ng the recent past. .,.‘}. , | }J " 3
Daruninula Atevenaont appears to be restr1cted to the western bas1n
o (#19 1), however, from samp]es co11ected for a deta11ed sed1mentolog1ca]
survey east of Point Pelee, by St Jacques and Rukav1na (1976) De]orme
. (1977b) 1dent1f1ed th1s spec1es from a part of the north shore of the |
'centra] basin. Of al] the forms, Candona caudata can be cons1dered cos- :
'v‘mopo11tan, not on]y for the western bas1n, but for the who]e lake (F1g 2).
The c]ose]y re]ated forms, Phyaocypnta gZobuZa (F1g 3) and P 4n6£ata
are common to the western bas1n, both forms are commonly found at depths
below ‘ten meters Phyaocypn&a Lnﬁlata is not found where the. bottom water.’
. oxygen concentratjons go be]owv7 mg/1 (author_s onpubljshed autecolog1ca1
tdata) Is0cypris Quadniaeipao, a]though not restricted to‘the western '
bas1n, is most commonly found in the area around the islands between Point
Pe]ee and Sandusky (Fig. 4). This spec1es prefers warm waters above 16°C
and'oxygen'eoncentrattons above 5'mg/1 (author's unpUblished autecological

_4ata); in terms of a modern ana1ogue; it is’frequently found in the shallow




Darwinula stevensoni

: Fighf‘e 1. Distribution of Dcuwvin@&a Atév'monljw "
- in lake Erie (1975). S

\

.

Can&o_na caudata

Figuré 2. Distribution of Candona caudata = .
"~ in Lake Erie (1975).

| Physocybriq globula

- STATION WHERE SPECIES OCCURS."

‘ . AREA WHERE SPECIES FOUND ALIVE
i\ \\\\ IN 1975, :

.F'igure 3. Distribution of Physocypria globula
- _in Lake Erie (1975). '



,"Figure 4.

-~ Figure 5.

Isocypris quadrisetosa |

D1str1but1on of IéoayanA quadniéezvéa 'f’  f 
in Lake Er1e (1975) S

Candong acufa -

Distribution of Candona acuiu
in Lake Erie (1975) o

Cytherissa Iacustris

*  STATION WHERE QPECIES OCCURS.

: | m INR%\ WHERE SPECIES FOUND ALIVE

D1str1but1on of Cythen444a Lacustnis
~in Lake Erie (1975).

Figure 6.




bays of the Bay of Quinte (De]drme; 19§7a)<: Candona acuxn is a common
fluvial spec1es, but is also found in ponds and 1akes Its distribution

- in the western bas1n (F1g 5) dur1ng the recent past follows the pathways.
of current act1v1ty. The absence of thjsvspec1es from the centra1 and
eastern basin is a product of depths exceedfng nine meters.ﬁiltvcan”

. to]erate d1ssolved oxygen. concentrat1ons as 1ow as 2. 5 mg/l.(author's unpu-
b11shed auteco]og1ca1 data) " Candona enLenA4A, a]though common to the

estern bas1n, 1s not restr1cted to 1t.

Centratl Basin Sixteen‘ostracode species were'reCOvered from the

surface sed1ments of this bas1n, out of a poss1b1e total of 26 (see tab1e
1). Three species can be cons1dered typical of the centra] basin,’ the other
forms w1th a re]at1ve occurrence of 1ess than 10% are e1ther ]1ttora] spec1es
or ostracodes that could not become successfu1 because of some 11m1t1ng
factor( ) _. . n - . .

Candona caudata, as prev1ous1y po1nted out, 1s cosmopo]1tan for the
Take. F1gure 2 111ustrates that 31% of the stat1ons conta1ned 11ve spec1mens
of this spec1es No other spec1es occurred in the 11ve state in such high - |
abundance ‘Anatomically, Candona caadaza 1s complete1y devo1d of any
_smimming power and, therefore, Tives on orin the substrate. consequentTy,
it was retained in the samples when the water'was‘decanted. It.should be
npointed out that’the.SpecieS'can to}erate dissolved oxygen as‘low as 2.3,mg/1

(table 2). The mihimum‘bxygen concentrations during September 1975 varied

from 1.8 to 8.2 mg/1 for the central basin (STORET), however, Lucas and Thomas

‘ '(1972) indicate values as Tow as 0 mg/1 for the beginning of September 1970.

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

’



Parameter ' - ' ~ . Migimum  Maximum

A e Ak s

Bottom Water Temperature - o | V‘.'ij_ 3.4 " .-f;»27.0§c
.Surface Water Temperature e R ' :_” 2;2':.“ o 27.0°C
. Depth , : _‘ ‘ R |  ’_v V‘ 7:f 0.15 R 189 meters
- Calcium R .‘flﬁ, f  }¥4nf ',fjmmOmy1

-Magnesium .0-1”L  292.8 mg/1

Potassium .1"L':-'T - 32;0'mg/1
O ps0mg
| '-fﬂT,S.mgll |
6.0 mg/1

Sodium
‘Copper
Disso]ved iron

 Carbon dioxide ~10.0 mg/1

w O 0 O &

~ Dissolved oxygen 14.0 mg/1

 Bicarbonate e f1_]'.f S  } .545.4 mg/1
:"Qarbonété : | B | ﬁ-}_Aj80.0 mgll‘f
o 70.0mg1
".”7i350.o'mg/1
f ',1-5 mg/1
X
| 2054.1 mg/1

Chloride T
- Sulphate

‘:_Orthophosphate

n o0 0 O 0O w N o 0O o o .o
) - . * [ ] o [ ) EE ) e [] ) -
—h

pH
b  Total Dissolved Solids

nN
o

» 1800.0 umhos

Q

1 - "~ Conductivity _' N : B | | 34,

| V Table 2. Auteco]ogy of Candona caudata based on 485 sampled stations
- - collected by the author from Canada. o
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common inhab1tant of temporary ponds and 1nterm1ttent streams, thereby pre— :
cluding a long life cyc]e. Undoubted]y, severa1 generat1ons of eggs are

- produced per year, a]]owing the\spec1es-to propagate 1tse1f despite the
‘_'development of anoxic cond1t1ons dur1ng the: fa]1 Unhatched eggs that

' rema1n can survive anoxia and propagate the spec1es at some 1ater time

when anoxic conditions have d1sappeared y | " R

Cythenxaaa zacuain44 is: genera11y cons1dered to be a deep, cold

IWater form. Iowever, the spec1es Tives within a temperature range of 3.7

to 22 0°C and a depth range of 0.6 to 181 meters (tab]e 3) Therefore, |
the genera11zat1on does not appear to be true As compared to the prev1ous
_ spec1es c. £aeuain44 also lacks sw1mm1ng power and, u51ng the same reason1ng'"
as above, the speC1es should have been present in the 11ve state in the
‘samples (F1g 6). An exam1nat1on of auteco]og1ca1 data (tab1e 3) for the =

-spec1es 1nd1cates that the spec1es is on]y found 1n permanent 1akes, and

- has a. life cycle wh1ch either approaches or exceeds one year Th1s be1ng the.

case, Cythenaaaa Kacuéth&A cou]d have been brought to 1oca1 ext1nct1on by 1ts'
_requ1rement for m1n1ma1 d1sso]ved oxygen content of 3 0 mg/] Other parameters
’ wh1ch this species finds part1cu1ar]y 11m1t1ng are copper, d1sso1ved 1ron,‘
”orthophosphate and pH. | f c " . — |
| ' Candona cnogman&ana is st111 poor]y understood w1th respect to its
auteco]ogy The only area, of those 1nvest1gated for the Great Lakes, in
”wh1ch the spec1es appears to be successful is Parry Sound of Georg1an Bay, |
Lake Huron (De]orme, 1976). Unfortunate]y, there is no 1nformat1on on the}
-chemical and phys1ca1 habitat in wh1ch the speC1es was found for that study
Auteco]og1ca1 data that are ava11ab1e (author s unpub11shed data) 1nd1cate
- the spec1es is probab]y ]1m1ted by copper,. d1sso1ved 1ron, orthophosphate

and pH. Thevspec1es is only moderately affected by ]ow oxygen concentrat1ons,




Parameter | S ) o Minimum Max imum -

- éottbm_Water Temperatufe o . '”;‘-' 37 23.0%
Surface water.Temperature -  : | '.:3' :a;'S.O“ v a .‘ZS.ZOC -
Depth 0.6 181.4 meters
©ocaleim R | e .7'72‘,0."' . 49.6 mg/1
’if Magnesium R ' ' - '7_[[f;v s 0‘01::"jf »5‘16.7_mg/1
* Potassium S © 00 . 2l6mg1
Sodiwm 03 307m
Copper ’,J:" e ,:; f{ia. 1,"; 0.01 }iO.4_m9/1
Dissolved iron 'f"" S  5l T :]';,Q.O - 3.9 mg/1
Carbon dioxide-:‘ | | | - ;.ﬁv ‘f';iﬁ 0.0 | : i0.0 mg/1
V‘D1ssolved oxygen S 'f ;al,-aa v a : : 3.0 - f':‘ 7 13.4 hg/ll
- Bicarbonate ’a . - v-~“{'»-'-ff{v:-ffﬂ - A  f'.i183;0 mg/1
:.-Carbonate - IR Hf o ’Hf;fa;‘ . »;aO-O;_T. '}.ff14;4 mg/1
 Chloride L e om0
Su1phate - B :'  . . ,' - -}; ‘5a"'f',i? 1;0',{ 1  : ”55.0 mg/]
Orthophosphate .~ 0.0 » o.'s mg/1
| Total Dissolved Solids e 215.0 mg/1
,Conduativity - v'“',Jr' :,_' S 25.0;' o v370;0 umhos

Table.3. Auteco]ogy of Cytheﬂ&béa Lacustrnis based on 281 sampled stat1ons
: co]]ected by the author from Canada
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.having a lower limit (so far determined) of 2.3 mg/1. In many respeets,

Candona cnbgmaniana appears to have similar}reqhirements to Cythenissa '
ZacuAiniA. except thatkits distribution in the centrai basin'is more'v
11m1ted (F1g 7) to. the repos1tor1es or sinks of the preva111ng bottom
currents (Herdendorf, 1977). ” |

It is 1mportant to assess the m1nor faunal elements as we11 as - the

three typical forms d1scussed above, 0f the 13 rema1n1ng spec1es, six are

known (from the authbrfs unpublished data) to frequent habitats at depths

~greater than 15 meters. These are: 'Physocypnia gZobaza; Candona RAWBONA, |

Cypridopsis vidua, Limnocythere sp., Limnocythene 5&4ab{2£4, and Physocypria

i inflata. Based on a statistical evaluation of auteco]ogica]lpahameters

carried_odt‘by Delorme and E1-Shaarawi (1977), itvis possﬁb1e telcalcu1ate
the samp]e size required to obtain a precisjon of the mean value withih

ten percent, using the estimate of the veriahce.' Usihg this technidue, if ‘

:,"was found thatchpper;gdisso]ved'iron; dissolved oxygen, orthophdsphate

and pH are_é11 common 1imiting factors of both”the'shaTTOW and deep water
species. All of these parameters ahe the same ones found 1imiting,the‘three

typicé] spec{es of the basin. - Because the chemistry of the water prevailing

! at the time these organisms lived is not known, it is not possible to say

_wh1ch of the f1ve, or comb1nat1on of these, exerted suff1c1ent stress to cause

the ostracodes to become 10ca11y restr1cted or extinct, if 1ndeed they are

-Vno 1onger 1n ex1stence

?Eastern Basin. Twenty out of a total of‘26 ostracodes species were

" identified in the surface samples. Twelve species of the 20 can be considered

. typical of the eastern basin or to have a re]at1ve occurrence of greater

than 21 percent (see table 1). Of the 12, three can be further cons1dered to




R

Candona crogmaniana

: "..F"igure 7. Distribution of Candona cnogmam,ana
SR in Lake Erie (1975)

Candona su'b’fridngulafa

STATION WHERE SPECIES OCCURS.

IN 1975

\\\Q AREA WHERE SPECIES FOUND ALIVE

o Figuré 8. Distribution of Candona Aubﬂzmngui’,a,ta Q@
v " in Lake Erie (1975). o o SN

Figure 9. Minimum dissolved oxygen requirement for the survival of
ostracode species recovered from the sed1ment-water inter-
face of Lake Erie.

°
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- be typical abyssa] spec1es occurr1ng at depths greater than 20 meters |

| These are Candona AubtntanguZata Cythentaaa Zacuatnaa and Candona cnog-

maniana, exc1us1ve of the cosmopo11tan Candona caudata ~ The disposition

" of Cythenissa Zacuatntb and Candona cnogmantana have a]ready been dea]t

w1th within the d1scuss1on of the centra] bas1n as has CandOna caadht ."
Candona Aubtn&angulata is character1st1c of the eastern ‘basin,

. being restr1cted to it dur1ng the recent past (F1g 8) At'f1rst g1ance;'

h:1t would appear that depth contro]s the species to the eastern bas1n

| ~ Studies of the bottom fauna of the eastern end of Lake Super1or (Delorme,

- 1977c) indicate that C. Aubth&angukata has a depth range of 7.6 to 273

meters (table 4) CIF depth were the s1ng]e contro]11ng factor, th1s
’spec1es would then exist in the centra] basin and perhaps even the western

bas1n (max1mum depth 10 meters), as 1ndeed it has in preh1stor1ca1 t1mes

" (Benson and MacDonald 1963) An ana1y51s of auteco]og1ca] data (tab]e 4)

| G 1nd1cates that the spec1es is severe]y 11m1ted to 1ow concentrat1ons of

11 parameters These are copper, d1ssolved 1ron magnes1um, potass1um,
,sod1um, d1sso]ved oxygen, ch]or1de, orthophosphate pH and tota] d1sso]ved
'_f so]1ds (and_conductance). C]ear]y,_]ow conoentrat1ons of magnes1um, potassium,
':-sodiUm and chloride contribute to 1ow'concentrations of total dissolved
so11ds requ1red or tolerated by the organism. Burns and Ross\(1972) have
‘1nd1cated an increase 1n the concentratlon of d1sso]ved iron (up to 6 21
pmo1es/L) and manganese just above the sed1ment-water 1nterface when_the
surface sediments become strongly reducing. JIfqthe.1eve1s of dissolved

iron exceeded 500 ppb (9.0 umoles/1 of Fe) or 300 ppb forﬁcopper, then
Candona aubtninnguzata.won1d not be able to survive. ‘Whenlsuch a reduction
of the sediments occur; there is}a corresponding’decrease in.disso1vedioxygen

_which, if decreased below 5.6 mg/1, would be detrimental to the species.




Parameter e _ Minimum Maximum "

Bottom Water Teﬁperaturef 2.6 ) 19.2%
Surface Water Temperature ,. _ iai" 'a : *;f2.2 . 28f0°C
Depth . ‘. o R 7.6 273.1 meters o
- calcium 3 -v_;. C }-: R j ~j__ 3.3 Zzas mg/1 |
 Magnesim R  'a_‘: | f,'0.7::>‘;  B2 5 mg/1
Potassium 1 I .:i  '  j0.0 __   ;ff 1.2 mg/1;;.
Sodium | o &3 g1
Copper . 0.01' .Q.é mg/1
Dissolved iron 0.0 0.5 mg/1
Carbon dioxidé ) 0.8 .‘ 12.0 mg/1
Dissolved oxygen 5.6 ; "'~13;4 mg/1
Bicarbonate 8.5 97.6 mg/1
 Carbonate 0.0 - 0.0 mg/1
“Chloride 1.2 7.8mg/
~ Sulphate 0.0 ' 12.0 mg/1
Orthophosphate 0.0 0.5 mg/1
pH , | | 6.1 8.1
Total Dissolved Solids 2209 92.3mgn
Conductivity o a0 106.0 umhos

Table 4. Auteco]ogy of Candona subtriangulata based on 46 sampled stations
co]]ected by the author from Canada _




~ code species.

e

Clearly, oxygen values of Tower than 5. 6 mg/1 have - frequent]y been atta1ned
by . the western and central basins, thereby causing ext1nct1on because the

species has a life cycle which approaches or exceeds one year in durat1on _

“(Fig. 1). Consequently, succe551ve generat1ons were 1mpeded from develop1ng

because of recurr1ng conditions of 1ow-oxygen concentrat1on A]though the
eastern bas1n is not cons1dered to become anox1c, d1sso]ved oxygen concen-

trations as_1ow as 1.6 mg/1 for certain areas of the basin have been observed

o (Burns et al., 1976). Th1s would be suff1c1ent to cause an annua] ext1nct1on

of Candona subtriangulata. -If these 1ow va]ues recurred on an annua] bas1s,
then the spec1es would have become ext1nct however, 1t probab]y has not yet

occurred on a basin-wide basis.

of the_minor-fauna] elements, Candona eﬁienaia,'Limnocythcte verweosa,

Candona candida, Cypria dphthaﬁmica,‘IzyocypniA bnadyi,ftimnocythene Anopinata,

depths less than n1ne metres Many of these are fluv1a1 in or1g1n and

e1ther existed in or on a de]ta1c hab1tat or the empty she]]s were trans- |

:’ported by streams and deposited as part of the de]ta1c sed1ments The

remaining ostracodes (Physocypria gEobuZa IaocypnAA quadntactoaa Phyaocypnta
Lnﬂzata,‘Cgpnidopaoa vidua, Candona nawsoni, Limnocythere sp., Ltmnocythene

frniabilis and Candona 4aba) are those which can 1ive to depths of 30 meters.

»,Us1ng the same technique as outlined above (De]orme'and'E1 Shaarami, 1977),

it was found (based on the author's unpub11shed auteco]og1ca1 data) that
the fo1low1ng common parameters are tolerated in low concentrations by the
16 species: dissolved iron; copper, dissolved oxygen,‘orthophOSphates and

pH. These aré_simi]ar to the ones described for the typical abyssa]kostraa

)

' Ltmnocythene onmata and Ltmnocyzhene paeudonettcutata are spec1es found at o
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Summary. If one were to plot the mintmum‘tOIerable'dissoIved oxygen
IeveI aCceptabIe for an ostracode faunal assembIage for each sampIe coIIected
(see append1x III) then a pattern would emerge for Lake Er1e (F1g 9)
A minimum of 3 mg/1 (or h1gher levels) of d1sso]ved oxygen must have been
ma1nta1ned throughout the year for the surv1va1 of Cythentaaa ZacuAIWAA
the ‘most tolerant spec1es, of the assemb]age to reduced oxygen Tevels.
Th1s is certa1n1y not the case at the present t1me w1th the deveIopment
' of-anox1c cond1t1ons during the summer and faII (Burns and Ross, 1972), and
p‘thus the reason for the v1rtua1 ext1nct1on of Cythentaaa Kacuatnca
The pattern developed by pIott1ng the max1mum toIerabIe concentrat1on
_f of dissolved iron, for the ostracode faunaI assembIage of each samp]e is
given by figure 10. The range of soluble iron at or‘near the mud?water
interface (Burns et al., 1976) is within the tolerance‘range of each species
‘“found in the sampIes‘ As previous]y pointed out, fron is reIeaSed'during
the reduction of the surface sed1ments with a concom1tant reIease of squbIe
" reactive phosphorus in the decay of organ1c matter and the malntenance of
”h1gh Ieve]s w1th anoxic cond1t1ons The maximum to]erab]e Ieve] of phospho-
.rus above.or below I 3 umo]es P/1 for the fauna] assemb]ages 1s g1ven in
f1gure 1. The boundary Tine of 1.3 umoIes P/I (0 12 mg POQ/I) is that
found by Burms and Ross (1972) to be "about average for anoxic hypo]1mn1on
"-water“. Based on chemical data presented by Burmns et al. (1976), concentra- _7
| tions‘oqupluble reactive phosphorus in the bOttom water of Lake'Erie are |
" within the range of<thevto]erance limits of the various species found in.
the lake. | | -

Relative to benthic ehelled invertebrates, stress caused by reducing

dissolved oxygen concentrations can be calculated as follows: The square

_of the’reciprocaI of the difference between the minimun oXygen requirement for

the survival of the faunal assemblage and the minimum oxygen requirement

o



AREA WHERE DISSOLVED Fe LESS THAN 100 ppb.

AREA WHERE DISSOLVED Fo GREATER THAN
1000ppb BUT LESS THAN 4000 ppb.

: -.F1gure 10. Max1mum d1sso]ved iron to]erated by the ostracode spec1es
recovered from the sediment-water 1nterface of Lake Er1e (1975)

AREA WHERE ORTHOPHOSPHATE 1S GREATER THAN 100 ppb.

AREA WHERE ORTHOPHOSPHATE IS LESS THAN 100 ppb.

_ F1gure 11. Maximum dissolved orthophosphate in which the 6stracode species
' recovered from the sed1ment-water 1nterface of Lake Er1e (1975) cou]d ex1st
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Figure 12, Dissq]ved oxygen stress for Lake Erie (19755} ’
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| for the surVival of the last or most to]erant 6f the speeies of the faunal
assemhlagev(see appendix III).‘ Figure 12 is.a plot of'this'difference (x)
where (1/x)3‘fs referred to as dissolved oxygen stress. Lake Erie can be subdivided _}
into three subzones. The first area is that of very 1owgstress located in
vthe western and eastern basins. In the western basin the difference ranged
as hjgh as 7.5 mg/] wh11e in the eastern bas1n the va]ue went as h1gh as
8.3 ng/1. This_means that the dissolved oxygen concentrat1on cou]d decrease
hy 7 or-8 mg/1 before a11: but one spec1es were k111ed off dur1ng their
- life cycles, which in most 1nstances is one year. The pr1mary d1fference
.between the western and eastern basins is one‘of_spec1es adaptat1onr In
A'v the Western basin, co]oniiation has been relegated to those speties with_g.
short life cycles so that the species papulation can be maintained by many
':,generations;per,year; a requirement brought abont_by the déve]opnént of
recurrent‘anoxic conditions and typical of shallbw,lakes and pdnds where ”
‘h}arge temperature and oxygen.t]uctuations'occur. In the eastern hasin;
co]bnization has been by species:that toierate more stable conditfons;
consequently these spec1es are. ones that have adapted to re]at1vely h1gh
levels of oxygen. The more cosmopo]1tan species w111 to]erate 1ower oxygen
levels. ‘As long as th1s cond1t1on is stab]e ‘the oxygen stress w111 remain
Tow. The next oxygen stress area, located in the centra]_bas1n, is of
moderate to high intensity. The difference ranges‘from 0.7 to 2.8 mg/1,
DO stress of 2.04 to 0.127. This area is nearly-snrrounded hy the hfghest
stress area. The high stress area, of zero difference, is where permanent
damage can be considered to have occurred. Inspection of figure 12-indi-‘
cates that the moderate to high stress area is.betng encroached upon by

the expansion of the high stress area. Indications are that benthic'shelled



invertebrates in the central basin have suffered permanent damage caused
by 10w concentrat1ons of dissolved oxygen during the 1mmed1ate past
| Burns and Ross (1972 p. 104) state "the rate of oxygen deplet1on'

is c]ear]y‘documented o as be1ng h1ghest in the western end and a]ong

’ -,the south shore11ne while the. north shore11ne m1d1ake, and the extreme |

-eastern end of the bas1n had a 1ower rate of dep]et1on Exam1nat1on of

i ~figures 9 and 12 of th1s study, c]early 1nd1cates that the prob1em of '

 oxygen deplet1on along the south shore11ne and the western end of the

- central bas1n has been in progress for some t1me, at least s1nce 1930

S (Dobson et al., 1972)

" PALEOLIMNOLOGIC INTERPRETATIONS

In 1963, Benson and'MaéDonaididiSCUSSed the distribution of fossil _'

_OStracodes from several cores co]ie;ted in the eastern and centra1 basins
‘ of Lake Erie. The discussion that fo]lowsywi]] be.baSed on the differences
between the distribution of certain species of this study and those they
recovered”from the,Ho]ocene_sediments. Their figure 5‘shows two‘speotes,
Candona subtriangubata and'candona»aawsoni (their'nomentlature Candona
nyensis, see Delorme,.1970) as persisting to the surface sediments. Candona
AubtnianguZata was not found in the eentra1 basin tor this study. (Fig 8)
and must therefore be cons1dered to have become 1oca11y extinct, at least .
45 years ago and probab]y longer, because of the deve]opment of "anoxic
cond1t1ons,_ Therlowest acceptab1e limit of d1sso]ved oxygen for C. éub-
zﬁiangukata is 5.6 mQ/]. Apoarent1y,_Candona haws ond met with the. same

-fate;'although this is not known for sure because it is not that ¢ommon‘in

| 20.
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the eastern basin. Benson and MacDonald (1963) comment that “this_specieSf'

vwas most abundant in the 1owest'part-of the Lake'Erie cores and appears

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

with did not penetrate the tdta1 thickness of the laCustrine sediments.
Candbna caudata of this study 1ncorporates the spec1es of C. caudata

. and C. novacaudata of Benson and MacDona1d (1963) There appears to be no -

change in the distribution of this species. | | |

Accord1ng to Benson and MacDonald (1963), "Cgthentaba EacuétﬂLA was

',ffound in most of the sha]]ow water cores but it was sparse in the deep-

~ water [eastern basin]., 353foot core.“ From this study, the spec1es had a.
good genera1 distribution throughdut both bas1ns. Based on auteco]oglca] _
h studies of the two Species; C. Lacustrnis and Cendbna Aubtninnguzatd, (Tables
' 3 4) there is no plausible chemica] or physical reason why the two should
not have co-hab1ted the deeper part of the eastern bas1n during the Ho]ocene
~ The distribution of Candona enogmantana given by Benson and MacDona]d

(1963) is for the bottom 15 feet of the 35-foot core-from the deepest part
. of the eastern basin. In this study, the spec1es was recovered from the
sediments of both the eastern and centra] basins. Because of a lack of
-numer1ca1 data on their core, it would be d]ff1cu1t to explain this difference.

- The virtUalldfsappearance of Limnocythene 6aiabi£i4 fromvthe centraT
_basin, as.shpwn'in thds study,ris,at‘yarianee4with the findings}of Benson
and MacDonald (1963), who state that it "was found at all core 1pcatf0ns

'in.Lake Erie but most prevalently in the shallow water cores and very

\ .
sparsely in the deep water core ...". The north slope of the eastern
basin is where the species was recovered from the sediment-Water interface
samples of'this study, indicating {ts shallow water'(down,to 20 meters)

preference.
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" CONCLUSIONS

1. .The hodérn ostracodé fauna is popr1y repreﬁented>in the sediment-.
‘water interface samples of this study. This may have been brodght ébout
| by thé removal of theléwimming forms when'the water was decanted off thé
Shipek dredge sample. However, this should nbt have removed fhé benthic
-forms Which are'commoﬁ1y found bé]ow the euphoticfzone, ’Renewed_éampliﬁg
_ f@r benfhié organisms and the studyrof theif chemical and;physical habitat

are in order.

2. | The‘absence-ofilive bentﬁic fOrﬁ§, with ]ife‘cycles of at least one
'yéar,'Was probab]y brought about by the develobmgnt of anoxic conditiohé
vat.fhe sedinent-watér interface, and the regeneration of dissolved iron,

"copper and orthophosphatés, at the same intekface;}which could héve become

toxic to the organisms.

. 3. The distribution of 6stracode,$pecies in the‘reéent'past:is different
ffom that e1ucidafed by cbres sbanning thé last several hundred years

studied by othérs, Indications are that there have been dramatic Ehanges'

in the chémical regimé,'such that many ostracode species havexbecone ioca]]y
extinct from the various bas'in.s and,. genef‘é]]y; displaced to the eastern »

- basin. More detai]ed.gtudies of several cores from the.fhree.basins would

be in order.

4, Changes in the bottom fauna have been brought about by chemical and
physicé] changes in Lake Erie. This points out the need for analyses of
chemical and physical data at tﬁe‘time-of collection of the benthic fauna.

This report would have been more pertinent to changes that'have taken place
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if these dafa had been cd]jected on this andzpfeQious cruises. 'Thé stddy f} 
of bottom fauna for the sake of studying the'distributibn of the benthic
forms is 1ittle more than useless. It does not allow one to determine i

:, the cau#e and effect re]ationships:betweén‘organism aqd its.habitat, and

evehtua]]y'the food chain and the aquatic environment "Lake Erié“. f
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APPENDIX I

'0STRACODE DISTRIBUTION BY

© STATION NUMBER FOR
~ SAMPLES COLLECTED
IN 1975 FOR
LAKE ERIE
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:Phylﬁm-

Class

Subclass

Order

.Suborder

v'_Superfamily

Family

Subfamily

Genus -

'Subfamily

- Genus

» Family

- Genus

Genus |

e
':SYSTEMAIICS'
 ARTHROPODA
CRUSTACEA
OSTRACODA Latreille, 1806
" PODOCOPIDA Muller, 1894
PODOCOPINA Sars, 1866
CYPRIDACEA Baird, 1845
CYPRIDIDAE Bair, 1845

CYPRIDINAE Bair, 1845 -

. ISOCYPRIS Miller, 1908

Tsocypris quadrisetosa, Rome, 1947

CYPRIDOPSINAE Kaufmann, 1900

CYPRIDOPSIS Brady, 1868

Cypridopsis vidua (Miller), 1776
CYCLOCYPIDIDAE Kaurmann, 1900.

- PHYSOCYPRIA Vavra, 1898

Physocypria gtobuZa Furtos, 1933

' Physocypria inflata Furtos, 1933

Physocypria pusiulosa Sharpe, 1897

CYPRIA Zenker, 1854

Cypria ophthalmica (Jurine), 1820



. Family

Genus..

Family
'Subfamiiy

- Genus

Superfamily

Family

Genus

Superfamily

Family

Subfamily

28.

'CANDONIDAE Kaufmann, 1900

CANDONA Baird, 1845

Candona acuta Hoff, 1942

Candona. candida ‘(Miller), 1776

Candona caudata ¥aufmann, 1900

- Candona cnogmaniand Turner, 1894 -

'Candona ezﬂipiica Furtos, 1933

Candona en4enALa Furtos, 1933

'_Candona faba Benson & Macdonald, 1963

Candona #wncata . Furtos, 1933

Candona intermedia Furtos, 1933

Candona nawsoni Tressler, 1957 ff

Candona Aubtn4angu£aza Benson & Macdonald, 1963

ILYOCYPRIDIDAE Kaufmann, 1900
ILYOCYPRIDINAE Kaufmann, 1900
ILYOCYPRIS Brady & Norman, 1889

IZyocyanA bnadyL,Sars, 1890

DARWINULACEA Brady.s& Norman, 1889

DARWINULIDAE Brady & Norman, 1889

DARWINULA Brady & Robertsbn in Jones, 1885
Darwwinuba stevensoni (Brady s Robertson), 1890

CYTHERACEA Baird, 1850

CYTHERIDEIDAE Sars, 1928

NEOCYTHEIRIDEIDINAE Puri, 1957




o
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" Genus . CYTHERISSA Sars, 1928
" - ' Cytherissa Lacusinis (Sars_).,v 1863
Family .~ LIMNOCYTHERIDAE Klie, 1938
Genus LIMNOCYTHERE Brady, 1868

: Lmnocy/theﬂe §niabilis Benson & Macdonald, 1963
Limnocythere mo;omcuta (Baird‘), 1843 |
Lunnacythue o)mwta Furtos, 1933 |
umnocythene péeudolz.e,aw&am Stapl:.n, 1963
Limnocythere uefuum_om Hoff, 1942

Limnocythere 8p. A.
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LAKE ERTE - WESTERN BASIN

' Candona acuta 3* : _ - Candona acuta 3
Candona caudata 3 o -~ . . Candona caudata 3
candona crogmaniana 3 ' - Candona eriensis 3
Candona eriensis 3 _ S - Dauwinula stevensoni 3
Darwvinula stevensondi 1 o - lsocyprnis quadrisetosa 3

' , o ' - Physocypria inglata 3
B-5 . B - Physocypria globula 1
Candona acuta 3 B e
Candona erdiensdis 3 = | ) : S B R
Cypridopsis vadua 3 Cooss oo . Candona acuta 3
Darwinula stevensoni 3 .. Candona caudata 3
Isocypris quadnisetosa 3 .. 7 U Candona erndensds 3
Limnocytherne verwcosa 3 ' ' ’ - Dauwdinula stevensond 3
Physocypria inglata 3 : L Tsocypris quadrnisetosa 3
Physocypria globula 1 - o Limnocythere verrucosa 3
- . _ : . . . Physocypria inflata 3
B=7 o . e Phoncyp/ua gl.obula 3
Candona acuta. 3 . : . o S )
Candona efiensis 3 IR
‘ ‘  Dawdinula stevensondi 3 , R - Candona sp. 3 -
: Tsocyprnis quadiisetosa 3 o ’ Cytherissa I,acuzsf)ws 3

- Limocythere verwcosa 3 o lsoeypris quadrnisetosa 3

. Physocypria Lnglata 3 L R : : o '
Physocypris globula 1 o - 7 D=4 _

B-8 R L - Candona caudata 3

. : Physocypria globula 3
Candona acuta 3 o

Candona eaudata 3 - : E D-6
Candona eriensis 3 I ' : ,
Daruninula stevensond 3 - Candona acuta 3
Physocypria globubla 3 - ' - Candona caudata 3
_ : . _ . ~ Candona eriensis 3

. c-5 - ' o , : ~ Candona sp. 3 .

; : ' . Candona thuncata 3

" Candona caudata 3 o - _ Candona elliptica 3

.« Candona erlensis 3 : Cypridopsis vidua 3
Dawinula stevensond 3 S o Dauinula stevensondi 3
Physocypiia inflata 3 Candona intermedia 3
Physocypria globula 3 - . ‘ Tsocypris quadiisetosa 3

Physocypria globula 3
* Indicates the state of llfe:‘ ‘
1. mature, live
%. immature, live

’ ‘ . empty shells




- D=7

Candona rawsoni. 2
Limnocythere -sp. A.3-

D=8

Candona acuta 3
Candona caudata 3
Candona eriensis 3
- Candona 4p. 3 '
Candona ellipiica 3
- Cypridopsis vidua 3
- Cytherissa Lacustrnis 3

© - Darwdnsula Stevensond 3
Isocyprnis quadnisetosa 3

Limnocythene 3
Physocypria inglata 3
Physocypria g£obu,_€z_1 3

.'Caudona caudata 3

e 1socypris quadrisetosa 3

" Physocypria inglata 3
| Candona cauda,ta 2

Darwwinula stevensond 3
- Physocypnis globula 3

E-5
~ Candona sp. 2
E-9 -

Candona acuta 3
Candona caudata 3
Candona erdiensis 3
Candona rawsoni 3
Cythernissa Lacustrnis 3
1s0cypris quadnisetosa 3
« Physocyprid inflata 3
Physocypris globula 3.

. Physocyprnis pustulosa 3

F-3

Candona sp. 3

F-6

F-4

Candona .caudata 3.

Candona elliptica 3
‘Phy».soc_ypu'.a globula 3

" Candona caudata 3
- Tsoeypris quadrisetosa 3

Physocypria inglata 3
Phoncypw globuﬂa 3

Candona caudata 2

. Physocypria inglata 3

F-7

Candona’ acu,ta 2

. F-8

‘Candona 'acu,ta'3"“

Candona caudata 3
Candona .¢ftiensis 3
T1socypris quad)uAQXOAa 3

| Umnocythejte Ap A
. o | _
Candona _Ap; 3

Candona s ond -
Cypridopsis vidua

G-7

Cdndona caudata 3
Candona Ap. 3
Candona rawsond 3

 Dawinula stevensond 3
G-8

~ Candona Ap.' 3

3.
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' LAKE ERIE - CENTRAL BASIN

B-12 - : N , o - b-18

Candona caudata 3 S . Candona q@udaﬁa'z'
Candona crogmaniana 3 . _ D ~ Cypridopsis vidua 3

B-14 ' : o , .. E-l1

Candona caudata 3 B ," f;‘ _ " Candona caudata 1 _
Candona crogmaniana 3 S ‘ ’
Cytherissa Lacustrnis 3 - o © . E-13

c-11 - R  ' -_ | - Candona caudata 2
LT : o " Candona. crogmaniana 3
. Candona caudata, 2 . S Cytherissa Lacustris 3

c-13 I R E-15

" Candona caudata 2 _ v o : Candona caudata 3

A ' ' S . . Candona crogmaniana 3.
c-15 ' , i .. . Candona hawsoni 3
. o . » ’ . Cytherissa Lacustris
Candona caudata 3 - ; o

) | - N . ey
® - .=
o - S L - Candona caudata 3
' Nir : ‘ - Candona crogmaniand 3
' - - Cytherissa Lacusinis 3-

D~-10

: - - E-19

Candona acuta 3 A S T o
Candona caudata 3 o .- .. Candona caudata 3
Candona intenmedia 3 : R Cypriidopsis vidua 3 :

. Cytherissa Lacustrnis 3. ' ) . Tsocypris quadnisetosa 3

Limnocythere sp. A.3 . " Physocypria inglata 3

_ ' _ EE : o e . Physocypria globula 3

. ) D-12 ' . :

| - o F-10

. Candona crogmaniana 3 _ . ‘ o E

Cytherissa Lacusirnis 3 ' T Cythernissa Lacusirnis 3

© D-14 o . o . p-12
Candona caudatz 2 _ S . Candona caudata 1

. Cythenissa Lacusinis 3
D-16 ' B

Candona caudata. 3
Cytherissa Lacustris 3




' F-14 -
Candona acuta 3
Candona crogmaniona 3
Cytherissa Lacustrnis 3
F-16 |
Candona caudata 1
Candona crogmaniana 3
Candona gaba 3
Cytherissa Lacustrnis 3
~ F-18

Candona caudata 3

Cythen&45a £acuatn45 3

F—20 v

Candona caudata 3

' Candona crogmaniana 3
. Cythernissa Zacu41n44 3
.F-22

_Candona caudazu.3 , 
‘G—9 -
Candona caudata '3. |
Cg13 |

Candona caudata 1
Cytherissa Lacusirnis 3

G-15
Ca.n_doha caudata 2
G~17

. Candona cqudata 2
Cytherissa fLacustnis 3

G-19
Candbna caudata 1

Candona crogmaniana 3
Cytherissa Lacusinis 3

- Candona caudata s
X Cahdbna ﬁaudﬁin;3

‘Candona caudata 3

Cypridopsis vidua 3

Tsocypris quadriisetosa 3

Physocypria inflata 3
Physocypria globula 3

“".Cyzhen;AAa Lacustrnis 3

»H¥10 

o ONAL.

=12

ééhdana caudata 3

o CytheA444a ZacuétmL$ 3

plg | |

.Candona 4p;‘3'
VH-16 ,

'Candomlcaudatx 3

Candona’ crogmaniana 3

- Candona faba 3
- Cytherissa Lacustrnis 3

 Rp-18

Candona eaudata 3
Candona crogmaniana 3
Cyiheﬂibéa Lacustrnis 3

H—2 o

| Candona caudwta 3

Candona intermedia 3
H-22 |

Candona candida 3
Candona caudata 3 _
Candona intermedia 3
Physocypria sp. 3

33.



H~24 |
Candona caudata 3
H~26

Candona caudata 3
Candona candida 3

I-11

Candona caudata. 3
Candona crogmaniana 3

- I-13

Candona sp. 3 '
Cythernissa Lacusinis 3

I-15
Candona caudata 3
1-17

Candona caudata. 2

Cytherissa Lacusinis 3

- 1-19

Candona intermedia 3

1-21

Candona caudata 3
Candona crogmaniana 3
Cytherissa Lacusinis 3

- I=-25 .

Cythernissa Lacusinis 3

J-16
, [}
“Candona sp. 2
-J-18

Candona sp. 2
Cyihed&bba Lacustrnis 2

34.

J-20

. Candona edienAiA 2
- Cytherissa Lacustris 3

. J=22

Candona caudata 3

- Candona crogmaniana 3

CythenLAaa ZacuAi&&A 3

J—24

 Candona caudata 3
. Candona rawsoni 3

Cythernissa Lacusinis 3 -
Isocypris quadrnisetosa 3

’ Phoncyana gtobuza 3

J—26

- Candona chogmaniana 3

Cytherissa Lacusinis 3

: Phoncypnia sp. 3

'4K?15

Candona caudaza 3

 Cytherissa Lacustris 3 -
  x-17 R

- Cythonissa zawm 3
e R

| Candona caudaia 1

Cytherissa Lacusinis 3
K-21 -

Candona caudata 2
Cythernissa Lacustris 3

~ Candona candida 3

. R-23

Candona caudata ¥t

- Cytherdssa Lacustnis 3
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Candona caudata 3 _
Cytherissa Lacusinis 3

- Candona caudata 2
Cytherissa Lacusinis 1
vn s _ , | .
Candona eaudatd 1'.
e

Candona caudata 1
Candona crogmaniana 3
Candona rawsoni 3 .
1socypris quadrnisetosa 3
Limnocythere §riabilis 3
Limnocythere verwucosa 3

- Limnocythere sp. A.3
Physocypria globula 3

1-26

" Candona candida 3

- Candona caudata 3

Candona hawsoni 3
Cytherissa Lacustrnis 3

U M-17

Candona caudata 3
Cytherissa Lacustnis 3
i o
Candona caudaiﬁ 1

. Candona caud4za 1

M-23

Candona caudats 3
Cytherissa Lacusinis 3
Isocypnis quadrnisetosa 3
- Limnocythere griabilis 3
- Limnocythere verrucosa 3
Physocyprnis globula 3

 M=25

Candona caudata 3

Cytherissa Lacustnis 3
Tsocypris quadnisetosa 3

- Limnocythere §riabilis 3
*Limnocythere sp. A 3

Physocypria globula 3

" N-20

Candona caudata 3

" Cythenissa Lacustnis 31

 Ne22

Candona caudata 3
Cytherissa Lacustrnis 3

B T1socypris quadnisetosa 3 |
- Physocypria sp. 2




'LAKE ERIE - EASTERN BASIN

1-27

- Candona sp. 3
“Candona rawsond 3

) - 1-29

Candona caudata 3

Cypridopsis vidua 3
Ts0cypris quadnisetosa 3

; Phyéocyana gzobuza 3

J-28

Candona sp. 3
J-30 |

Candona Ap 2
Physocypria globula 1

K=29

Candona caudata 1
Candona crogmaniana 1
Candona -nawsoni 3

- Candona subtriangulata 3. -

Cytherissa Lacustrnis 1

;LAmnocyihe&e 6&LabLﬂLb 1

K—3l

Candona caudata *3

Candona crogmaniana 3
Candona faba 1

Candona subiniangulata .3
Cytherissa Lacusinis 3

I1~-28

* Candona caudata *3

Candona crogmaniana 3

. Candona faba 3

Candona rawsoni 3

" Candona subtriangulata 3

Cytherissa Lacustrnis 3

| Physocypria globula 3

* dwarfed forms

" 1-30

Candona candida 3
Candona caudata *3

‘Candona crogmaniana 3
-Candona faba 3

Candona nawsoni 3

. Candona subtriangulata 3
'Cy:thm»sa Lacustris 3.

’ L—32

Candona candida 3
Candona caudata *1-

. Candona crogmaniana 3
" Candona 5aba 1

Candona eriensis 3
Candona subtrniangulata 3
Cytherissa Lacusirnis 3

- M-27

" Candona caudata 2
.. ..Candona eriensis 3

~ Candona rawsondi 3

- Tsocypris quadrnisetosa 2

.'LAmnocythene Ap A. 3

o 'M—29

- Candona caudata 3
. Candona candida 3
Candona crogmaniana 3
 Candona eriensis 3

Candona faba 3
Candond subtriangulata 3

Cytherissa Lacustrnis 3

| M-31

Candona candida 3
Candona caudata *3 -
Candona crogmaniana 1

-~ Candona erniensis 3

Candona subtriangulata 3

" Cytherissa Lacustrnis 3

vt.f?BG.



M-35

Candona caudata 3 _ -
1socypris quadnisetosa 3

. N-28
Candona caudata 1
Candona rawsoni 3

Candona subiriangulata 3
Cythenissa Lacusinis 1

- Tsocypris quadrisetosa 1

~ 1yocypris bradyi 1
Limnocythere griabilis 1
Limnocythere péeudonexxcuZata 3

Limnocythere sp. A.3 ;

- Physocypria globula 1-

Nf30
Candona caudata *13

Candona crogmaniana 1
Candona {aba 1

~ Candona hawsond 3

Candona subirniangulata 3
Cytherissa Lacusinis 3

- N-32

E Cdndona caudata *3
Candona crogmaniana 3
Candona gaba 3 o

N-34

Candona candida 3

- Candona caudata *t3

Candona crogmaniana *3
Candona faba 3

Candona Aawsoni 3

Candona subtriangulata *3
- Cytherissa Racustrnis 3
Tsocyprnis quadrnisetosa 3
Limnocythere §riabilis 3
* Physocypria globula 3

* awarfed forms
+ normal size forms

- Cyprda ophtalmica 3

- 37,

. N-36

;_.CandOna caudaxa 3
. Candona crogmaniana 3

Candona rawsond 3

 Cypridopsis vidua 3

Tcosypris quadrnisetosa 3
Physocypria inflata 3
Physocypris globula 3

- 0-27

Candona caudata 1
Cytherissa Lacustrnis 3 .
Lsocyprnis quadrisetosa 2
ILyocyprnis bradyi 1
Limnocythere riabilis 3
Limnocythere inopinata 3

- Limnocythere ornata 3
- Limnocythere pseudoreticulata 3

Limnocythehre veruwcosa 3

- Limnocythere sp. A.

Phoncypw globwﬂa 1

. 0-29

Candona caudata 1-
Candona subiriangulata 3
Cytherissa Lacustris 3
Tsocypris quadriisetosa 2
Limnocytherne griabilis 3
Phycocypria globula 1

0-31

Candona Gdudatd *13
Candona crogmaniana 3
Candona faba 3

Candona rawsoni 3 :
Candona Aubiﬂ&anguZaIa 3
Cytherissa Lacustrnis 3




0-33

. Candona caudata *t3
Candona crogmaniana 3
Candona rawsoni 3
Candona subiriangulata 3 .
Cytherissa Lacusinis 3
Limnocythere friabilis 3
Physocypris globula 3

035

Candona caudata *t 3
Cytherissa Lacustrhis 3
Limnocythere sp. A. 3
Physocypria inflata 3
0237

Candona caudata, 3
Cypridopsis vidua 3

- Tsocypris quadrisetosa 3
Physocypria globula 1
Physocypria inglata .1

P-30

Candona caudata 2

. Candona subtriangulata 3
Cypridopsis vidua 3 .
Cytherissa Lacustrnis 3
‘Tsocyprnis quadrnisetosa 2
Limnocythere grniabilis 3

Limnocyithere péeudonexicuzaid 3

Limnocythere verwcosa 3
Limnocythere sp. A. 3
Physocypria globula 1

P,—:3~2

Candona caudata. 3
Candona f§aba 3
. Candona rawsond 3
Candona subtriangulata 3
- Cytherissa Lacusindis 3
Tsocyprnis quadnisetosa 3
- Limnocythere sp. A. 3
Physocypris globula 3

* dwarfed forms
+ normal size forms

L.

p-34

' Candona caudata 2
. Candona rawsond 3.

Cypridopsis vidua 3

- Cythernissa Lacusinis 3

Limnocythere  §niabilis 3

‘ LAmnocythene venanOAa 3

vP-36

Ca.ndo na caudata 3

Candona crogmaniana 3.

Candona §aba 3
Candona rawsoni 3
Candona subtriangulata 3

- Cypridopsis vidua 3.
. . Cytherissa Lacustnis 3

‘Limnocythere §riabilis 3
Limnocythere verwcosa 3

S Lcmnocythe/w_ Ap. A, 3
Phoncypm g@obw@a 3

: 2:.-’&; o _ :
 Cythenissa Lacustris 3
o Tsocypis quadrisetosa 1
* - Physocypria globula 1



APPENDIX II

* GEOGRAPHIC COORDINATES OF
© LAKE ERIE o
(1975) |
© SURVEY STATIONS

Station Number '  Latitude N. o | Lgn,gitudé W,

A9 - 41° 27* 16" 82%26' 12"
B-5 o 41° 32' 15" - 82° 55' 05"
- B-7 o M1%32 29" - 82° 40' 42"
" B-8 - 41° 32' 35" - 82° 33" 31"
B-100 a1 3t a2t - 82°.19' 08"
. B-12. o ~41° 32" 55" o 82° 04" 45"
- B-14 . 41° 33' 02" - < 819 50" 22"
c-4 - 41° 37 32 . 83° 02 26"
C- 5 o 41° 37' 40" - 82° 55' 14"
C- 6 S m°a3ree o 82% 48 02"
c-7 D 41° 37' 53" . ~ 82° 40" 56"
Cc-9 | - 41° 38' 05" . 82° 26' 26"
c-11 o 41° 38' 14" - - 82° 12" 02"
c-13 S 41° 38' 23" 81° 57' 38"
c-15 - 41° 38' 29" - 81°43' 18"
c-17. S 41° 38' 46" - 819 28' 49"
-1 x 41° 42' " -~ 83% 24 14"
D-2 » - 41° 42' 40" | 83° 17' 01"
D- 3 : . 41° 42 48" -83° 09' 49"
D- 4 41° 42' 56" . - 83° 02" 37"
D- & ’ 417 43' 04" 82° 55' 24"
D- 6 _ - 41° a3' N . 82° 48' 11"
D- 7 0 A1°.43' 17" - 82° 40" 59"
D- 8 _ 413 43' 24" - 82° 33' 46"
p-10, o mtane ~82° 19" 21"
D-12 L 41° 43' 43" 82° 04' 56"
D-14 o 413 43' 50" , 81° 50' 30"
D-16 | 417 43! 56" c 812 36" 04"
D-18 : 41° 43" 59" 81° 21' 38"
E- 1 - ~ 41° 47" 55" 83° 24' 26"
E- 2 41° 48' 04" o 83% 17 13
E- 3 410 48' 12" : 83° 10' 00"
E- 4 | | 41° 48' 20" - 83%.02' 47"
E~ g : 41° 48' 28" 82° 55' 34"

41° 48' 35" 82° 48' 21"



: . Station Number . .Latitude N. -~ - Longitude W.
E-9 - 41°48 83 - 8226 41"
E-11 L0 41° 49" 03" . o 82° 12" 18"
E-13 o 481° 49" N ~ 81° 57' 48"
E-15 S 41° 49 17t - - 81° 43' 21"
E-1%7 - a4°a49'22v - .. '81°28' 84" .
- E-19 S - 41° 49' 258" o 81% 18 27"
F- 2 | B . 41°53' 28" . . 83 17' 25"
CF-3 ’ .~ 41°53' 36" - - 8 10 N"
F- 4 o 41° 53' 44" . - 83° 02' 58"
F- 5 - 41° 53' 51" - 82° 55' 44"
“F- 6 . - 41° 53' 59" -~ 82° 48' 30"
F-7 : 41° 54' 05" - 82° 41" 16"
F- 8 ’ . 41°s4 Myt . 823 02" ‘
F-1 | | © 410 54t 22" oo 82° 19" 34t
F-12 - o 41° 84t " . 82° 05' 06"
- F-14 . M1° 54" 39" 81° 50' 38"
- F-16 - '41° 54' 44" . : ~'81° 36' 10"
F-18 . 41° 54" 48" _ 81° 21* 42"
. " Fe20 - - 41°54'50" . ~.81° 07' 14"
‘- | F-22 ° R 41° 54' 50" . 80° 52' 46"
G- 3 41° 59* 00" - 832 10" 22"
G--4 S . 41° 59 08" . .83° 03" 07"
G- 6 _ o 41°89' 23 . o 0 82° 48' 39"
G- 7 _ 7 41°89' 29" . . 82° 41' 25"
G- 8 41° 59' 35" - 82° 34' 10"
G- 9 : 419 59 41 : - 82° 26' 56"
G-11 : ' 41° 59' 52" o g82% 12" 26"
6-13 -~ 41° 59" 59" o 81° 57' 58"
G-15 : - 42° 00' 06" . 81° 43' 28"
G-16 . 42° 00' 08" - 81° 36 13"
G-17 0 42° 00* 11" C 81° 28' 59"
G-19 : 42° 00' 13" 81° 14' 29"
G-21 7 42° 00' 14" : - 81° 00' 00"
G-23 : ~42° 00' 13" - 80° 45' 30"
6-25 - - 42° 00' M | 80° 31' 01"
H-10 : ©42° 05' 1" : 82° 19' 48"
H-12 . 42° 05' 20" : 82° 05' 17"
H-14 42° 05" 27" : 81° 50' 47"
H-16. 42° 05' 33" 81° 36' 17"

H-18 . 2 - R YA 81° 21' 46"



o Station Number B La.ti_}t,ud,e'N.[ o | " Longitude W.

H-20 . 420s'38 . 81° 07' 16"
- H-22 . 42° 05' 38" - 800 52 44"

- H-24 S - 42° 05' 37" 80° 38' 14"
H-26 L 42° 05" 33" 80° 23' 43"
- . 42°10'40" 82 12 39"
I-13 ~ ~.42° 10" 48" - o 81° 58' 07"

- 1-15 - 42°210' 55" - g81° 43" 35"
I1-17 - -42° 10" 59" o 81° 29' 04"

- 1-19 . o 42° 11! 020 , - 81° 14" 32"

Cole21 o Co42°1ntoe2n 0 - 81° o' oO"
1-23 - a2’ nto2r - 80° 45 28"
I-25 - 42° 10" 59" - -~ .- 80° 30' 56"

1-27 - . 42° 10" 55" - 8% 16 25"
1-29 R 42° 10" 48" - .. . 80° 01' 53"
J-16 L 42° 16" 21" . 81° 36' 23"
J-18 - 42° 16" 25" o 81° 21t 50¢
J-20 , o 42° 16 26" - 81° 07t 17t
J-22 R 42° 16' 26" 80° 52' 43"

- J-24 . - 42° 16" 25" ' ~ 80° 38' 11"
J-26 ~ 42° 16' 21" . 80°.23' 37"
J-28 R 42° 16' 16" - '80° 09' 04"

- J-30 e ~42° 16' 08" . -79% 54 3"
K-15 - oo 42° 21t 43" - 81° 43' 43"
K-17 820 21 gy - 81°°29' p8"
K-19 | 4221t 80" T 810 14 34t
K-21 : 42°21' ;1 '81° 00' 00"

S K-23 42° 21' 50" 80° 45' 26"
K-25 - S a2% 21 47t - .. 80° 30" 52*
K-27 =~ 42° 21' 43" - 80° 16" 17"
K-29 B 42° 21' 36" . 80° 01" 43"
K~31 | : 42° 21" 28" o 79° 47" 08"
L-16 ' - 42° 27 10" - 819 36' 29"
L-18 . 42° 27' 13" - 81° 21" 53"

L-20 - . 42° 27" 5™ . - 81° 07' 18"
L-22 S 4% 278" - 80° 52' 42"
L-24. 4% 27t 13 80° 38' 06"
L-26 _ 42° 27' 10" . .80° 23' 31"
L-28 - 42° 27' 04" .. 80° 08' 56"
L-30 o 42° 26' 56" - 79° 54' 20"

L-32 | 42° 26' 47" - | 79° 39' 45"




Statioh Number

M-17
‘M-19
M-21
M-23
M-25

M-27
M-29
M-31
M-32
M-33

. M-35
N-20
N-22

- N-28

N-30

N-32.
N-34
N-36

. 0-27
- 0-29

0-31

42° 32'
42° 32
42° 32!

42° 32!
- 42° 32"

42° 32
42° 32!
42° 32
42° 32!

42° 31"

. 42° 38
42° 38

42° 37!

42° 371"

- 42° 37
42° 37¢

42° 37

- 42° 43"

42° 43"
42° 43

. 42° 42

42° 42"

42° 42!

4z° 48"

- 420 48"
42° 48"

42° 47
42° 47
410 45'
41° 57

"Latitude.N.

42° 32+ 38"

38"
40"
38"
36"

3] 1]

pon

]6"
1"
06'"
54"
04"

,04"

52"

45"

35"
24"

'I'III :

'Igll

]3" :

05 u
55"
42"
2‘8"

_33"
24" ‘ .

]3"

59". .

44"
40"
1""

820
820 52!

'Longitude'w.

810
810

80
- 8

800

800
800,
- 79°

78°

29'
14!
00'

45
30'

16’
o1’
46"
39!

32

17
° 07

52'
08’

> 54"

39!
24!
10!

16"

otr'

46'
32'

7
02
° 53"

' 39°
790
" 790

34!
09’
55'
59'

14"
37"
Ooll

23"

46"

10"
33"
56"
38"

20"

43"
19"

09"
31"

53" -
16"

02"

23"

44"

04"
25" ’

47"
58"

]7“

37"

56"
]7"

06" .~
02" N

"
a7
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" APPENDIX III

| CALCULATION OF THE MINIMUM TOLERABLE .
 DISSOLVED OXYGEN LEVEL ACCEPTABLE FOR .
' THE OSTRACODE FAUNAL ASSEMBLAGE AT
}  STATION 1-21. -
| . AD -
THE DISSOLVED OXYGEN STRESS AT
| ©STATION 1-21

Minimum DO_1eve1*

Candona caudata . a3 mg/i
Candona crogmaniana | S .‘ = ;- f2;3-mg/]

Cythenissa Lacustris o 30mg

The required value (3.0 mg/1) is thén'the highest of these minimum

values which will. sustain all of these species at the same 10ca1ity.'

Dissb]ved Oxygen Stress

The DO stress value is the difference“betWeen mihimum DO va]ﬁe fe-

quired to maintain the assemblage (in this case 3 mg/])'and the minimum

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

C. caudaia or C. crogmaniana). TherefOre,‘the difference is 3 - 2.3 = J mg/1,

ahd the DO stress is (17.7)2 = 2.04; '

* From table 2.

a4.






