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- CHAPTER 1: INTRODUCTION

.This report provideé a review of the existing thermal effects literature for
selected fish and invertebrates designated,by‘the United States Environmental
Protection Agency (U.S. EPA) as representative important épeéies (RIS) for thé
Hudson ﬁiver that should be addreséed 5y.studies to determine the .effects of

B power plant thermal discharges on biological communities (Table 1-1). Specific
thermal effects informatioh is presented for each RIS, bésed on general cate-
gories set férth in the U.s. EPA'S 316(a) Technical Guidance Manual (draft
issued 1 May 1977)} It ié intended thét this report.servé as a source docu-
ment for evaluating the effects of power plant thermal discharges 6n Hudsén
River RIS that will be addressed in deménstrations.pursuant'to 316(a) of the

Federal Water Pollutioh Control Act Amendments (PLA92-500).

Althoﬁgh the amount and emphasis of thermal research varies considerably on a
species-by-species basis, the extant literature has been summarized for each

Hudson River RIS, to the extent possible, under the following categories:

1. Life history summary, including normal dates and temperatures for
spawning, and special temperature requirements fqr reproduction.'

2. Temperéture requirements fér early development.

3. ‘Upper thermal tolerance limits for eggs, lafvae, Juveniles, and
adults.

4, Temperéture as é factor determining behavior, i.e;,‘preference and
avoidance responses. |

5. Optimum temperaturés for'physiological functions, including growth.

6. Lower thermal folerance limits for juvepiles and adults, i.e., cold

shock.
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TABLE 1-1 REPRESENTATIVE IMPORTANT SPECIES FOR FOUR POWER PLANTS
LOCATED ON THE HUDSON RIVER

Power Plant

Danskammer Point
Generating Station

Roseton Generating
Station

Bowline Point
Generating Station

Indian Point Nuclear
Generating Station

Common Name

White perch

White catfish
Alewife

Atlantic tomcod
Striped bass
Spottail shiner
Atlantic sturgeon
Shortnose sturgeon
Phantom midge-fly
Scud

White perch

White catfish
Alewife

Atlantic tomcod
Striped bass
Spottail shiner
Atlantic sturgeon
Shortnose sturgeon
Weakfish

Bay anchovy

Scud .

Oppossum shrimp
Sand shrimp

Scientific Name

Morone americana
Ictalurus catus

Ac ;pensgr breviros L;:u

Lhaoborus spp.
Gammarus spp.

Morone americana

"Ictalyrus catus

Alosa pseudoharengus
Microgadus tomcod
Morone saxatilis

.Notropis hudsonius
._Agjggqggr oxyrhynchus
~Acipenser brevirostrum

Cynoscion regalis
Anchoa mitchilli
Gammarus spp.
Neomysis americana
Crangon septemspinosa




Thermal effects inforﬁation based on research conduéted on Hudson River spe-
cies by New York University Mediéal Center from 1971 to 1975 and Texas |
Instruments from 1972 to 1974 is presented (as it applies to specific RIS); in .
addition to the reéults of thermal effects studies conducted_on these same RIS
originating from other systems énd geographical areas. Reéent thermal effects
laboratory studies performed on Hudson River fish and macroinvertebrates by
Ecological Analysts, Inc.,.are not included in this review, but are addressed
extensively in "Hudson Rivér Thermal Effects Studies for Representative SpeQ
cies, Final Report" (February 1978),-prepared for Centréi Hudson Gas & Eléctric
-Corporation, Cénsolidated Edisqn Company. of New York, Inc., and Orange and

Rockland Utilities, Inc.



~ CHAPTER 2: TERMINOLOGY

2.1 INTRODUCTION

The terminology used in this review is defined in the following sections ac-
cording to the appropriate thermal effects category.- A brief definition of
each category is included,'as well as a limited discussion of the application
of ihformation in each category to thermal,impact assessment. It is beyond
the scope of this review to summafize the various methodologies used by re-
eearchers or to discuss:general.thermal biology concepts in'deptﬂ. Excellent
reviews of these_subjects can be found in Fry (1947, 1958, 1964, 1971), Brett
(1956, 1969, 1971), Coutant (1970, 1972), Fry and Hochachka (1970), Cairns
(1971);‘Brown (1974), Battelle facific Northwest Laboratories (1975), and
Richards et al. (1977). Terminology defined in the following categories is
referenced to papers tﬁat address the concepts end limitations in greater

detail.

2.2 THERMAL EFFECTS CATEGORIES

2.2.1 Life History Summary

The life history of each representative important species is briefl& summa-
rized in this category, including geographical range, habitat requirements,
spewning temperatures and dates, life cycles, and movements and distribution
patterns. These lifefhistory-elements are important for use in. predicting the

vulnerability of each life stage to potential power plant impact.

2.2.2 Temperature Requirements for Early Development

This category identifies the maximum temperature that early life stages of

aquatic species can tolerate throughout development. Life stages addressed in
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this category are»limited‘to those from egg to postlarual metamorphosis._ This
information is necessary for determining whether any areas of thermal plumes
exist that are unsuitable for Successful spawning and early deveiopment, owing
to elevated temperatures (exclusion areas). Studies investigating the long- :
term effects of temperature on developlng eggs or larvae are rev1ewed in this
rcategory. 'The terminology used within this category is from Hokanson et al.

(1973), and includes:

Normal Hatch: All live larvae with ho obvious deformities or
abnormalities. '

Totai Hatch: All larvae hatched regardless of their condition.

Hatching Temperature Range:- The range of incubation temperatures
producing hatech (total or normal hatech specified).

Optimum Temperature: The temperature that produces the highest response
(i.e., normal hatch, growth, or survival).

Optlmum'Temperature Rahge' The range of optimum temperatures over whlch
the response was not significantly different. ) .

2.2.3 Upper Thermal Tolerance Limits

This category defines (1) the upper limit of the temperature range permitting
survival of juveniles and adults during all seasons, and (2) the tolerance of
~aquatic organisms to short-term elevated temperature exposures. Information
addresSing the first point is necessary to identify zones of a thermal plume
that are not habitable by the organism because of excessive temperature (ex-
clusion area); mortality would not be expected to occur in these zones since
most organisms actirely avoid temperatures resulting in stress. . Informat'ion
addressing the second point is applicable to identifying the maximum tempera-
ture elevation and exposure time that planktoniec life stagesv(i,e., some fish
eggs and larvae) or species (i.e., zooplankton, ete.) can tolerate during en-

trainment with the coeling water through a power plant or entrainment through
. (

7
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the thermal plume as a result of passive drift. Terminology that applies to

upper thermal tolerance tests is defined as follows:

Acclimation Temperature: The process of bringing the animal to

a given steady state by setting the temperature conditions to which
it is exposed for an appropriate time before a test; the temperature
conditions may be fixed or cycled (Fry 1971). Where acclimation is
used prior to testing, the definition of the acclimation process re-
quires description.

Acclimatization Temperature: The "acclimation state" where physio-
logical adjustments reflect acclimation to natural conditions of the
. environment; acclimatization provides for anticipatory and reactive
adjustments (Fry 1971). Acclimatization temperature refers to the col-
lection temperature, or holding temperature, where organisms are main-
tained under naturally fluctuating temperature regimes and tested soon
after capture. S ' :

Lethal Temperature: The temperature that destroys the integrity of the

organism (Fry 1967), resulting in death. Bioassay results using aquatic
organisms are expressed in terms of tolerance limits (TL), followed by the
percentage of survival and preceeded by the time of exposure, e.g., "24-
hour TL95" (Standard Methods for the Examination of Water and Wastewater,

13th Edition). The expressions "lethal dose™ (LD) and "lethal concen-
tration”™ (LC) have also been used frequently (although incorrectly--see
Standard Methods, 13th Edition, page 562). Unlike the term "tolerance
limit," these expressions are followed by the percentage of mortality.

Median Tolerance Limit: The lethal temperature that results in 50
percent survival (mortality) expressed as TLm, TL50, LD50, or LC50
for a specified duration of exposure.

Upper (Lower) Incipient Lethal Temperature: The temperature that,
when an organism is brought rapidly to it from a different temperature,
will kill a stated fraction of the population with an indefinitely pro-
longed exposure (Coutant 1970). Unless otherwise stated, incipient
lethal temperatures represent the median tolerance limit. Incipient
lethal temperatures are usually estimated from tests conducted for 96
hours or longer and are a function of acclimation temperature. Fry
(1971) suggests that the incipient lethal temperature should be looked
on as the boundary of the immediate direct lethal effects, "immediate™
- being taken as a matter of days or weeks, and "direct" as the operation
of temperature directly on a site of metabolism so as to destroy it
more rapidly than the organism can keep it in repair.

Ultimate Upper (Lower) Incipient Lethal Temperature: The temperature
that is lethal to the species, regardless of prior acclimation (Fry
et al. 1946). The ultimate upper incipient lethal temperature is often
determined as the temperature at which further increases in acclimation
temperature fail to produce higher incipient lethal temperatures. The
ultimate lower -incipient lethal temperature is determined similarly,
but is often equivalent to the freezing point of water (or blood).
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Zone of Thermal Tolerance: The range of temperatures at which an

‘organism can survive for an indefinite period of time (Fry et al.

1946; Fry 1971), delimited by the upper and lower incipient lethal

'temperatures (see Flgure 2-1).

Zone of Thermal Resistance:. The range of temperatures at which an
organism can survive for a definite period of time (Fry et al. 1946),
delimited by the incipient lethal and instantaneous death limits (see

- Figure 2-1).

Resistance Time: The length of time that an organism can resist the
effects of a level of an environmental factor (temperature) which is

beyond its zone of tolerance (Fry et al. 1946); resistance times decrease
as the temperature rises above the incipient lethal level (see Coutant

1970). The resistance time defines the limits for survival within
the zone of resistance.

Critical Thermal Maxima (CTM): The point at which the locomotor activity

of an organism becomes disorganized and it loses the ability to escape
from conditions, soon causing death. This point is reached as a result

"of slow heating or cooling to the temperature causing disorganization

(Coutant 1970). The CTM is a temperature determination that involves
two variables, time and temperature. Some researchers depart from this
standard definition and report the temperature resulting in a stated
fraction of mortality, i.e., LD1, LD50, or LD100. Lethal temperatures
derived in this fashion reflect lethality due to a defined rate of tem-

" perature increase, and are not directly comparable to incipient lethal

temperatures, although they are expressed in similar terms.

2.2.4 Temperature as a Factor Determining Behavior

This

category provides information regarding the organism's attraction to or

avoidance of thermal discharge areas. Laboratory determinations of preference

and avoidance temperatures are useful for predicting the zones within thermal

plumes that may attract and concentrate organisms, or the zones that are po-

tentially‘avoided by organisms (areas of exclusion). However, the actual

presence or absence of organlsms in thermal plumes is determined by a combina-

tion of habitat type, plume velocities, and elevated temperatures (see Coutant

1970,

1975' Reynolds 1977). Terminology that applies to temperature preference

and avoidance studles includes:
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Preferred Temperature: The range of temperatures in which animals
congregate or spend the most time in a gradient or free-choice situation
(Fry 1964; Reynolds 1977). Preferred. temperatures determined upon ini-
tial contact by organisms to a thermal gradlent are partially dependent
upon acclimation state.

Final Preferendum: The temperature toward which a fish will finally
gravitate regardless of its previous thermal history (acclimation)

and where preferred and acclimation temperatures are equal (Fry 1947:
Reyonlds 1977). If a fish is left in a thermal gradient for a sufficient
length of time, it will eventually gravitate and become acclimated to

its final preferendum. :

Avoidance Temperature: The negative aspect of thermal behavior, charac-
terized by escape or aversive reactions elicited by non-preferred tem-
perature extremes, often called upper and lower "turnaround" or avoidance
temperatures (Reynolds 1977); also defined as the temperature at which
the organism detects a thermal stress sufficient to elicit an avoidance
response (Gift and Westman 1971). Avoidance temperatures are partially
dependent upon acclimation state.

Low Thermal Responsiveness: The inability of an organism to avoid
areas in a thermal gradient which produce stress (Meldrim and Gift
1971), sometimes resulting in loss of equilibrium, or death. This
response has been observed in laboratory studies and may be due to
"artificial conditions created in the experimental apparatus.

2.2.5 Optimum Temperature for Physiological Functions

This category identifies the temperétures producing an optimum level of per-
formanée for activities such as growth, food conversion, digestion rate, and
metabolic actiVity. The natural occurrence of most organisms is limited with-
in'the thermal toleraﬁce zone to temperatures somewhat below the ultimate
upper lethal threshold, reflecting the results of poor physiological perform-
ance at near-lethal levéls (Coutant 1972; Brett 1960, 1971). The upper tem;
perature limit of the optimum temperature range for physiological activities
can be used as an estimator of the maximum temperétures within thermal dis-
charge 2onés‘that will permit optimum performance. Terminology used within

this category is from Hokanson et al. (1973), as defined below:
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Optimum Temperature for Growth: The temperature producing the highest
growth rate. ’ '

Optimum Range for Growth: The range of optimum'témpefatures'over
which growth is not significantly different.

Growth Range: The range of temperatures over which growth occurs.

‘2.2.6 Lower Thermal Tolerance Limits

This category identifies the lowér thermal tolefance limits, ﬁhich are neces- .
sarylto'identify "cold shock" potential for organisms residing in thermal
plumes. Plume resident organisms become metabolically acclimated.to the
higher discharge temperatures, and»méy die upon returning to ambient tempera-
‘tures in the event that the artificial heating should suddenly cease (see

Coutant 1972). - Terminology used within this category is similar to that used

for upper thermal tolerance limits, and is included in Subsection 2.2.3.
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CHAPTER 3: STRIPED BASS

3.1 LIFE HISTORY SUMMARY

The striped bass (Morone saxatilis) is an anadromous, coastal species distrib-

~ uted along the Atlantic coast of North America from the St. Lawrencé River,
Canada, to the St. thns River in northern Florida, and in the Gulf of Mexico
from western Florida td Louisiana (Scott and Crbssman‘1973).' On the Pacific
coast, striped bass inhabit coastal watébs from the Columbia River to the
United States - Mexicén border (Radovich 1961). Striped bass aré seldom found
at sea.more than a few miles from the coast. Bigelow and Schroeder (1953)
stated that sﬁaller stfiped'baés inhabit enclosed bays, small marsh estuaries,
and'river mouths as well as coastﬁl waters, but larger individuals generally
frequent the open éoast excebt during the spawning period or in winter. Most
striped bass spend the winter in deeper Qaters of bays, estuaries, or coastal

rivers (Talbot 1966).

In the spring, mature striped bass move upstream in rivers and estuaries to
spawn in freshwater, usuallf from April to July depending on the specific lo-
cation (Raney et al. 1952). An important requirement for successful spawning
appears to.be.a current sufficient to keep the semibuoyant eggs from settiing
to the bottom where they might become silted over and smother (Bigelow and |
Schroeder 1953). In laboratory experiments, Albrecht (1964) demonstrated that
eggs not kept suspended were unlikely to survive. In the Hudson River, spawn-
ing occurs primarily between river miles 40 and 100 (Réthjen and Miller 1957;
Carlson and MgCanh 1969; Texas Instruments 1976a). The spawﬁing season, based
on the occurrence of ripe or near-ripe adults collécted in the Cornwall region
during 1973, extends from early May to early June at salinities not excgeding

- 0.1 ppt (Texas Instruments 1976a). During 1973 ichthyoplankton surveys, most
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réggé were-coliécted near the bottom at water témperatures.ranging from 11.2
to‘18.u C, while peak densities occurred at 13.8 C (Texas Instrumenté 1976a) .
McFadden (1977) summarized égg collections for striped bass in the Hudson
River and reported thaf peak spawning occurred ét-14—18 C during 1974 and 16-
20 c Quring 1975. .Spawning temperatures reported by other investigators are

 summarized in Table 3-1.

Striped bass larvae generally remain near the bottom water strata (Mansueti
1958; Texas Instruﬁents 1976a; McFadden 1977). In the Hudson River; larvae
(4-14 mm) were concentrated in the same general river mile locations as wére
“eggs (Texas instruments 1976a). Early juveniles move shorgward and downstream
.into shallow, low salinit& nursery areas of the'estuafy through fall, and over- .
wintér in the lower estuary (Texas Instruments 1976a). Subadult striped bass
migrate upstreém from the overwintering areas during the spring and remain in
the shallow water zones until lété fall (Texas Instruments 1976a). Talbot
(1966) reported thaé, along the Atlantic coast, larger striped bass (usually
those over 6 ib) leave the estuaries to make regﬁlar coastal migrations, ap-
parently moving_northward during spring and summer and southward during fall.
He further staﬁed that, although only a small percentage of striped bass leave
the estuaries, the majority of those that do leave are predominately larger

‘individuals.

" Life history éspects are more thoroughly discussed in McFadden'(1977), with
emphasis on the vulnerability of Hudson River striped bass to Hudson River

power plant effects. - , ' ¢
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__TABLE 3-1 SUMMARY OF SPAWNING TEMPERATURES REPORTED FOR STRIPED BASS

Source

Texas Instruments (1976a)
McFadden (1977)

Rathjen and Miller (1957)

Carlson and McCann (1969)
Shannon (1969)

Bason (1971)
Murawski (1969)
Dovel (1971)

Barkuloo (1967)

Tresselt (1952)

Pearson (1938)

Spawning Temperature

Location Range (C)
Hudson River 11.2-18.4
(13.8 peak)
Hudson River 14-20
: (11-23 = extremes)
ﬁudson River 15=20 .
Hudson River 15#17.2
(10-24 = extremes)
Roanoke River . 16.7-19.4
(N. Carolina) (12.8-21.7 = extremes)
Delaware River 13=14
Delaware River 15.4-18.3
Chesapeake Bay 11-24
Apalachicola River 18.3-23.9.
(Florida)
Virginia 12.2=-21.1
Lower Susquehanna .15.5=21.1

River (Maryland)



3.2 TEMPERATURE REQUIREMENTS FOR EARLY DEVELOPMENT

3.2.1 Eggs

Because of the widéspreéd artificial bropagation and rearing programs for
striped bass at hatcheries:throughout the country, much inférmationvhas been‘
gathefed regarding the eérly development of striped bass. The effect of tem-
perature on the incubation time of striped bass eggs has been reported by a
number of workers, as summarized in Figuré 3-1. These data indicate that the
rate of embryonic development steadily increases with increasing incubation
temperature, with a marked increase in the rate of development between 12 and
15 C. 1In contrast, results reported by Morgan and Rasin (1973) showed no sig-
nificant effeqt.of temperatures on the develépmental rate of striped bass eggs
befween,16 and 27 C, although a marked increase in developmental raﬁe_was ob-

" served between 13.5 and 16 C.

‘The upper limit for successful development of striped bass eggs appears to be
23-24 C. The University of Rhode Island (1976) observed successful hatching
at 24 C; Albrecht (1964) determined that eggs survived both constant and
fluctuating water temperatures ranging up to 24 C; and Morgan and Rasin (1973)
considered 23 C to be the upper énd of the survival optimum. In a Florida
.hatchery, Barku106 (1967) found that striped bass eggs survived water tempera-
tures up to 22.5 C, with less than 1 percent surviving at temperatures above
23.8 C; he further reported>that striped bass females were observed to resorb
their eggs when held at 25 C. To detefmine the effects of temperature changes.
on the survival of striped bass eggs, Shannon (1969) incubated eggs at 18.5 C
and directly-transferred the eggs to elevated temperatures at various stages
of development (0, 16, and 44 houré) for the rémainder of the incubation

period. ' He observed no significant difference in hatching success among the
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_ various stages of deQelopmeﬁt or among test temperatures from 15.6 to 23.8 C.
‘However, eggs transferred to elevated températures when 16 hours and older

successfully hatched at temperatures as high as 29.4 C (range 34.6-69.3 per-

- cent hatéh), indicatihg‘that striped'bass eggs become more tolerant to thermal

stress as development proceeds.

Time reQuired for eggs to hatch at temperatures below 12 C tends to becohe
infinite (Figure 3-1). In laboratory studies, Morgan and Rasin (1973) noted no
successful hatching at 10.5 and 11 C; Bafkuloo (1967) reported that all eggs
died at temperatures less than 12.5 C; and Albrecht (1964) observed less than
‘4 percent hatch at 11.1 C. The University of Rhode Island (1976) reported
that striped bass eggs incubated at 12 C experienced a steady mortality
throughout the incubation period, which in most cases dépleted the treatment
population before hatching had occurred. Although striped bass eggs have been
taken in the Hudson River at temperatures as low as 10 C (Qarlson_and MeCann
1969), it is doubtful that successful development occurs at temperatures of

12 C or less.

3.2.2 Larvae and Eérly Juveniles

Research on the growth and survival of striped bass larvae and early juveniles
has been conducted primarily to define conditions for rearing (Bayless 1972;
Rhodes and Merriner 1973), or for stocking (Davies 1973a; Otwell and Merriner
1975), and does not identify the upper limit of the temperature range for
growth and early development. The University of Rhode Island (1976), in an
investigation of life stage durations of striped bass, observed the highest
growth response of striped bass reared from yolk-sac larvae to juveniles at a
constant temperature of 24 C. Otwell and Merrinef (1975) similarly reported

that the highest growth rates for striped bass larvae and early juvéniles
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(6-35 days old) occufred at 24 C,(7-day ekperiment). In Both“studies, hoﬁ-

' éver, 24 Ciwas‘thé‘highest ekperimental temperature used; Loeber (1951, cited
in Dorfman andjWesﬁman 1970) reported that striped_bass fingerlings (average

| weight 1.75% g) increased their weight 119 percent when éxpoéed to a tempera-~
‘ture_range §f 25.6-29.4 C for 8 days; their wéight increésed an édditional

2 perceht after exposure to 31.1-35 C for 3 days.

3.3 UPPER THERMAL TOLERANCE LIMITS

'3.3.1 Incipient Lethal Temperatures

3.3.1.1 Larvae and Early Juveniles

Kelly and_Chadwiék (1971) eXpoéed pdst—yolk-sac larvae and early jﬁveﬁiles
(8-31 mm length) to constant temperatures for 48 hours following a gradual
‘increase_in temperature at the rate of 5.6 C per hour until'the desired test
tempéréture was obtained (30-180 minutes equilibration time). Their experi-
ments showed that the U48-hour TL50 for striped bass larvae and youné up to
sevéral weeks old typically occurred at temperatﬁres between 29.4 and 33.3 C.
- They reported no relationship between TLSOs and acclimation tempefature over
the 15.5-24 C range tested, and variation associated with length was not

observed.
3.3.1.2 Juveniles

Texas Instruments (1976b) conducted thermal tolerance experiments with.juve-
nile striped bass acclimatiied to temperatures rénging from 7.2 to 26.0 C and
at salinities ranging‘from 0 to 8 ppt. Incipient lethal temperatures (96-hour
TL50) ranged from 25.5 to 34.8 C, depending on acclimatization temperature,

and are displayed along with upper avoidance temperatures in Figure 3-2. Tol-
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erance limits were significantly highér‘(P = 0.05) during falling river teﬁ-
peratures than during rising temperatures, but the difference was a maximum of
only 2-3 C. The highest'96-hour_TL50 observed was 34.8 C at an acclimatiza-

tion temperature of 25.7 C.

Loeber (f951, cited in Télbott 1966) found that the maximum teﬁperature toler-
" ated by striped bass fingerlings (young of the year) in saltwater was 35 C; af
an average temperature of 34.7 C, 7 out of 13 fish surViVed_for 11-daysl Dorf-
man and Westman (1970)'gradually.acclimated striped bass juvenilés (previously
acclimatéd to 21.1 C) to higher températures at a rate of 0,6-6.7 C per day,
employing'the slower heating rate at higher‘temperaturés;' They observed the
‘first mortaiities as the’temperature exceeded 32.2 C. Two of the fivé fish .
tested survived and fed in water temperatures of 34.4-35 C for up to 24 hours.
Upon increasing the temperatdre above.35 C, the remaining fish died; fDévies
k1973b) similarly found that striped bass fingerlings could not be acclimated
to temperatures greater than 35 C. Fish acclimated to 32.2 C for 10 days and
then subjected to a temperature increase of approximately 1 C per hour died

as the temperature exceeded 35 C. These results indicate that the ultimate
upper incipient lethal témperature for striped bass'jﬁveniles is just below

35 C.
3.3.1.3 Adults

‘Thermal tolerance 6f striped bass to 1ong-term.temperature exposures has been
investigated primarily for juveniles; however, some thermal tolerance informa-
tion exiéts for édults. Tagatz (1961) abruptly transferred 10 small adult
striped bass (305-610 mm fork length) acclimated to 7.0 C into 26.5 C water
and observed no mortalities after 10 days. Salinity in both the holding and

test tanks averaged above 35 ppt.
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3.3.2 Thermal Tolerance to Short-Term Exposure

Severa; investigators have-studied the thermal'tolerancg of sﬁriped bass juve-
niles witﬁin theizone of’thermal resistance (temperatures between incipiént
lethal and instantaneous death limits). Meldrim and Gift (1971) expoSed juve-
nile striped bass to temperatures 5.6 and 8.3 C above river ambient téﬁpera—

* tures rangipg from 15 to 26 C for 15 minutes,.and theé returned the fish to
ambient temperature for observation. They found that, at éummer ambient tem-
peratures up to 26 C, juveniles could tolerate sudden exposures for 15 minutes
. to temperatures at least as high as 34.3 C. without loss of equilibrium. Dorf-
man and Westman (1970) acclimated four juvenile striped bass to 31.7 C for U4
days aﬁd increased the temperature to 38 C over an 18-40 minute equilibration
period (exact experimental conditions were not defined). They reported that-
this.temperaﬁure was endured for approximately 90 seconds before the fish lost
equilibrium. Upon transfer_to cooler water, all four fish recovered.equilib-
rium and survived. Kerr (1953) exposed small yearling bass (47-83 mm) for

10 minutes to temperatures eleyated at a constant velocity of 0.5 fps. He
.reported 85 percent survival of these fish atvthe end of a 5-day observation
period féllowing exposure to a 11.1 C temperature’increaée (33.3 C) above an
ambient of 22.2 C. Exposures to temperatures over 34.4 C (12.2 C delta-T)

resulted in greater than 50 percent mortality.

Lanza et al. (1974) exposed juvenile striped bass (63 mm mean standard.length)
for 1 hour to maximum discharge temperatures from the Indian Point Generating
Station effluent. The fish were acclimated to river temperatures of 24 C
prior to the test, and were subjected to temperatures 6.8 C above ambient
' (30.8 C). Immediate mortalities reached 50 percent in three replicate groups

and 60 percent in the fourth group. These thermal tolerance results are in



marked contrast to the highervincipient-lethal temperatures (96-~hour TL50s)
reported by Texas Instruments (1976b) for similar size fish at similar accli-

matization temperatures.

'3.3.3 Thermal Tolerance to Entrainment Exposures--Laboratory Studies

Striped bass eggs.and larvae have been extensively investigated with respect
to thermally induced stress resulting from powerAplant entrainment. Schubel et.
al. (1977) exposed striped bass yolk-sac larvae (1-5 days old), acclimatedbto
river temperatures of 19f3'21'2 C, to various time-excess—temperature histo- .
ries of.7-20 C above ambient for 4-60 minute emposures»followed by a 60-300
minute period of cooling to within 1 C of the base temperature. They reported
that expesure to a maximum excessttemperature of 10 C over ambientv(29.3-

31.1 C) did not significantly increase mortality in comparison to controls.
Exposure to a delta=T of 15 C for 5 minutes with a 120-minute cooling period
significantly increased mortality; however, a similar test conducted with a
10-minute exposure and a somewhat longer cooling period did not result in mor-
tality greater than that observed for controls. All exposures to a delta-T
of 20 C resulted in 100 percent mortality. In similar experiments, Schubel
(1974), Schubel and Auld (1974), and Schutel and Koo (1975) found that striped
'bass eggs (late gastrnla to late embryo stage) could tolerate the thermal
stress induced by power plant entrainment at temperatures up to 15 C above a
14.5-19.6 C ambient, while hatching success of eggs exposed to a 20 C delta-T

was reduced to 0-32 percent hatch, depending on the exposure time.

Kelly and Chadwick (1971) abruptly exposed larvae (7-8 mm mean length) and
early juveniles (25-31 mm mean length) acclimated to ambient temperatures of
15.6-22.2 C to elevated temperatures for 0-6 minutes, followed by a gradual

cooling period (unspecified duration) to simulate thermal exposure during
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plant entrainment. ,Mortality was assessed 48 hours after the exposure.

Little mortality was observed until the‘experimeﬁfal temperature exceeded

32.2 C; above which mortality increased sharply. . Coutant and Kedl (1975) re-
ported similar results ﬁased on thermal tolerances of younger larvae (4-6 mm).
Kelly and Chadwick (1971) further suggested that mortality'increased as the
1éngth of exposure to maximum temperature increased. Kerr (1953) exposed
young striped bass (21-46 mm) to conditions simulating condenser tubé entrain-
ment andvobserved a survival rate of 94 percent at the end of a 5-day obser-
vation period following exposure to a temperature elevation of 8.9 C above

the ambient river temperature (unspecified).

Lauer et ai. (1974) indicated that maximum safe temperatures (those combina-
tiohs'of temperature rise and exposure time that céused no apparent increase
in mortality compared to controls) varied according to life stage. Eggs in
the blastula stage and 1-day-old yolk-sac larvae weré reported to be the de-
velopmental stéges most sensitive to short-term thermal stress (Figure 3-3).
Results presented in Figure 3-4 indicate that the thermally induced mortalityr
of eggs in the blastula stage became apparent as temperatures exceeded 26.1 C
(6.1 C delta-T) for a 15-minute exposure, and 22.5 C (2.5 C delta-T) for a
.120-minute exposure. The.temperature toierance of larvae (1-12 days old) ex-
- posed to elevated temperatures for 60 minutes ranged from 22.8 to 27.2 C (2.8~
7.2 C delta—T); whereas fish 32 days old tolerated temperaturés up to 31.1 C

for 60 minutes (11.1 C delta-T).

Lauer et al. (1974) further reported that thermal tolerance also decreased
with increased exposure time, as shown in Figure 3-4. The maximum safe tem-
peratures for striped bass eggs'subjected to 120-minute exposures compare

favorably with the upper temperature limits reported by Shannon (1969) for
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eggs'at-various stages of development that were subjected to continuous expo-
.sufe’following an abrupt temperature change. However, the thermal tolerance
levels of striped baes egés repofted by Lauer et al. (1974) for exposures

greater than 120 minutes (Fighrev3-ﬂ) are lower than satisfactory incubation

~ temperatures reported by Shannon (1969) and others (see Section 3.2).

" 3.3.4 Thermal Tolerance to Entrainment ExpoSureS--Field Studies

- Finlayson and Stevens (1977) estimated the entrainmenf mortality for young
striped bass (8-31 mm) at the Pittsburg and Contra Costa power plants ih Cali-
fornia based on field collections of live:ahd dead larvae in the discharge
'canals,.near the_plant intakes, and at other near-field statiens. They re-
ported that mortality"estimates increased linearly from 0 to 100 percent with
incfeased discharge temperatures from about 28 to 35 C when river ambients
ranged from 16 to 22 C (7-15 C delta-T). The transit time through the blant
was estimated to be S.S.minutes. Based on these field observations, they es-
timated a TL50 of 31 C, generally agreeing with the thermal tolerance limits
identified in the laboratory by Kerr (1953), Kelly and Chadwick (1971), and
Coutant and Kedl (1975). Finlayson and Stevens (1977) further concluded that
heat, rather than mechanicai stress, appeared to be the major factor causing
mortality of entrained bass, a‘conclusion supported in condenser entrainment

studies by Kerr (1953)7and,Kedl and Coutant (1975).

Ecological Analysts extensively studied the mortality of striped bess larvae
and small juveniles entrained at the Bowline Point, Roseton, Lovett, and
Danskammer Point power plants on the lower Hudson River estuary (Ecological'
Analysts 1976a, 19765, 1976¢, 197T7a, 1977b, 1977c). Orgenisms were cellected
‘at the intake and discharge with pumps that delivered the sample to "larval

table" collection flumes. The collection process exposed the fish to elevated
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discharge temperatures for 25-40 minutes as compared to normal entrainmént
expésures of - 2-5 minutes aﬁ-these plants. ~Moftality of striped bass was gen-
erally low (0-25 percent) at discharge temperatures less than 30 C (ambient
.16-24 C), but increased rapidly to about 75 to 100 percent mortality at tem-
peratures of 33-37 C.‘ Entrainmenﬁ mortality observed at discharge tempera-
tures less than 26 C for larvae and 30 C for small juveniles was considered

a result of mechanical stresses, and the thermal effect of entrainment was
examined independentl& by adjusting for the estimated mechanical mortality.
The combined results for all plants indicated a TL50 of 32-33 C for post-
yolk-sac larvae, and a TL50 approximately 1-2 C higher for early juveniles
(Ecological Analysts 1977d).  The apparent increase igwghermal tolerance ob-

served for early juvenile striped bass may have been a result of higher accli-

matization temperatures rather than an actual difference in thermal tolerance.

3.4 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

3.4.1 Temperature Avoidance--Laboratory Studies

Texas Instruments (1976b) and Meldrim et al. (1974) investigated the avoidance
responses of striped bass juveniles (3u4-210 mm) acclimated to river ambiént
‘temperatures. ‘Salihities nénged from 0 to 8 ppt during both studies. The
results of these studies are displayed in Figure 3-2 along with 96-hour TLSOs
'(Texas Instruments 1976b) determined on similar sized striped bass. Both in-
veétigations found that acclimatiiation temperature was the most important

factor determining the upper avoidance temperature.

Texas Instruments (1976b) reported a significant difference between avoidance
'responses during rising versus falling river temperatures; avoidance tempera-
tures were higher during falling than during rising river temperatures for a

\
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given acclimatization temperatufe._vAvoidance temperétures ranged from 2.5 to
7;2 C abéveiambienf in summer‘(acclimatiiation temperatuhes 325 C), with fish
.consistently avoiding temperaturés above 33 C. Avoidance temperétures ranged
from 9 to 16 C above ambient during spring and.fall. Striped bass tested-dur- '
ing early winter avoided temperatures 21.5 C above a U.C_river temperature.

In three tests performed duripg'late winter (acciimatization teﬁperatures less
than 9 C), striped bass failed to avoid lethal temperatures in the gradient
and lost equilibfium or died. Similar thermal nonresponsiveness‘was noted in-
frequently dﬁring other tests conducted at acclimatization temperatures less
than»18 C. However, if is‘somewhat questionable that.this Qould occur under
natural conditions where the movements of fish are not restricted by the de-
sign constraints of an experimental system (i.e., artificially steep tempera-
ture gradients and size limitations of the experimental system). Meldrim et
al. (1974) observed similar upper avoidance temperatures during suﬁmer, but
slightly lower avoidance temperatures during late fall (Figure 3-2);- They
further reported that avoidance-températures were slightly higher at lower
lighﬁ intensities, énd reductions in dissolved oxygen in conjunction with in-

creased temperature generally reduced the avoidance temperature.

3.4.2 Temperature Preference--Laboratory Studies

‘Temperature préferehée tests were conducted by Meldrim aﬁd Gift (1971) and

' Texas Instruments (1976b) on striped bass juveniles aceclimated to river tem-

peratures ranging froﬁ 5 to 25 C énd salinities from O to 8 ppt, though dif-

ferent methods were employed. The brincipal difference between the two meth-
odologies was the time allowed for fish to acclimate to higher temperatures.

Meldrim énd Gift (1971) terminated observations when fish failed to gravitate
to hiéher temperatures after 20 minutes (1-% hour tests, James J. Gift, per-

-
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.sona;.communieation), whereas Texas Instrumentse(1976b) centinued observations
fer'27.5 hours. iFigure 3-5 illustrates that tempefature preference steadily
increesed with inereasing accliﬁatization tempefatures,in both studies, with
preferred temperatures typically ranging from 4 to 11 C: above a@bient{ Dif-
ferences in ﬁemperature preference between rising and falling river tempera;
_ tures were not observed. The phenomenon of low thefmei responsiveness.(i.e.,
inability of a fish to avoid tepperatures producing stress) was occasienallyv

observed in both investigations.

3.4.3 Temperature Avoidance and Preference--Field Studies

Observations of fish aggregations near thermal discharges generally support'
the»preference and avoidance temperatures determined fof striped bass in the
laboratory. Striped bass wes the sixth most abundant species caught by ang-
lers fishing in the discharée canal of the'Conneeticut Yankee Atomic Power
Plant (Marcy and Galvin 1973; Marcy 1976). They reported that the catch was
highest during the months of May and June when discharge temperatures ranged
frem 16 to 30 C. The majority of striped bass (85‘percent) caught were under
the legal size limit (406 mm) but one of the four larger fish weighed 4.6 kg
(10 1b). >Striped bass were not caught in the discharge canal by anglers durf
ing winter monﬁhs, andvexteneive trawling in the eanai_during summer‘at tem-
~ peratures above 32 C did not catch fish of any species. Moore and Frisbie
(1972) reportee that striped bass was a dominant species of a winter sport
fishery in ehe 1-mi discharge canal of the Potemac Electric Power Cempany lo-
cated on the Patuxent River, Maryland. Canal temperatures ranged from 8 to
10 C during January and February. Angler cetches were greatly redueed during

March and April.
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3.5 LOWER THERMAL TOLERANCE LIMITS

‘Texas Instruments (1976b) performed limited tests on striped bass juveniles to
assess the potential mortality of fish residing in a thermal.plume during the
winter in the evént of a plant shutdown. Striped bass acclimated to 10, 15,
and 20 C were cold shocked by reducing the.temperature'so percent of the full
decrease during the first 10-15 minutes of exposure, and continuing to de-
crease temperatures to 2 C over the next 3 hours. Results indicate that no
mortality would be expected due to a drop of at least 8 C below plume tempera-
tures to a loﬁer temperature of 2 C. However, a drop of 13 C tp 2 C resulted

in 100 percent mortality.

Acclimation Test , Mortality
Temperature - Temperature After 96 Hours
(Cc) (C) - (percent)
10° ' : 2 0
15 : ' 2 100
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'CHAPTERtu: WHITE PERCH

4.1 LIFE HISTORY SUMMARY

The white perch (Morone americané)_is a euryhaline fish found in saltwater,

but usually'restricted to bréckish and freshwater (Mansueti 1964). It ranges
along the Atlantic coast frém ﬁhg.Gulf of St. Lawrenée and Nova Scotia to
South Carolina (Bigelow and Schroédef 1953). It is commbn in freshwafer ponds
| in New;England and is fqﬁnd.as far west as the Great Lakes (Sheri and Power
1968 Milier 1963). 1In the Hudson,Rivér, white peréh are common below Albany
(Texas Instruments f976§) ahd oceur in many lakes in the lowef ﬁudson River
drainage (Scott and Crossman 1973). Mansueti (1961) deséfibed.estuarine’white
perch és semianédromoué; remaining witﬁin the estuary as a discrete self-
contained population, generaily.inhabiting the brackish mid to.lower pqrtion
of the estuary during most of the year, but regularly undertaking upstream
migrations into tidal fresh and slightly brackish water to Spawn in the spring.
Mansueti (1964) stated that, while white perch occﬁr in a wide.range of salin-
ities, the largest concentrations usually occur in brackish waters from 5 to

18 ppt salinity.

In the ﬁudson River, initial upétream and shorewafd spawning migraﬁions by
adult white perch'were obser?ed as temperatures increased above 10 C in
spring, as‘indicated by data presented by Texas Instruments (1976b). Spawning
appeéred to bé concentrated in or near major tributaries of the estuary and -
‘occurred primarily during May and June between river miles 80 and 120 (Texas
.Instrumenté 1976a). White perch eggs were collected from late April through
mid-June at water temperaﬁures rapging from 10.0 tov22.6 C; more than 99 per-
cent were collected above the salt/freshwater interface. Spawning tempera-

tures reported for white pebch in other areas are summarized in Table 4-1.
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‘Dovel (1971)

’Sheri and Power (1968)

Lake Ontario

_TABLE 4-1 SUMM WNING TEMPERA' RE _FOR WHITE PE
o A _ ISpawniﬁg Temp.
Source Location Ragge D)
Texas Instruments (1976a) Hudson River 10-22.6
Conover (1958) Albemarle Sounq,‘N;C, 12.2=-16.7
Mansueti (1961) Patuxénﬁ ﬁiver, Md. 9.4-21.7
' (16.1 = peak)
Miller (1963) Délaware River 19.5-20.0
Smith (1971) Tributary to. | 11.0-19.0
: : Delaware River
Thoits (1958) ' Massachusetts 14.4-15.5
Auclair (1956) Maine: | 18.3-20.1
" Chesapeake Bay 8.0-16.0

(5.0-2”.0‘: extremes)

11.0-15.0



~ White perch eggs are demersal and adhesive, and are deposited in shallow
waters near shore or in tributary streams (Auclair 1956; Mansueti 1961; Man-
'sueti 1964). VAfter spawnihg, adult white perch return to the lower estuaries

(Texas Instruments 1976a).

After hatching, white perch larvae move toward brackish watér (Dovel 1971).

In ichthyoplankton surveys conducted in the Hudson Rivér estuary during 1973,
white perch postéyolk-sac larvae.were_concentrated predominately betwéen river
miles 62 and 106 dufing early June, aﬁd between river mileé 24 and 85 during
late June and early July (Texas Instruments_i976a). Juvénile white perch move
downstréam and shoreward into principal nursery areas during summer‘where they
remain throughéut fall (Mansueti 1964; Texas Instruments 1976a). As the water .
temperatures cool in fall to below 10 C (Texas Instruments 1976b), both adults
and juveniles move from the shoals to deeper wgters in the lower estuary,
where -they rémain throughout the winter (Mansueti 1961; Texas Instruments

1976a).

Life history aspects are more thoroughly discussed in McFadden (1977), with
-emphasis on the vulnerability of Hudson River white perch to Hudson River

power plant effects.

4,2 TEMPERATURE REQUIREMENTS FOR EARLY DEVELOPMENT

Limited information is available on the effects of increased temperature on
the survival and normal development of éarly life stages of white perch. Fos-
ter (1918) reported that there is little development of white perch eggs at

water temperatures as low as 7.5 C. He further stated that an increase in
temperature to 14.5 C produced a hatch within U-4.5 days, and at a temperature

of 20.0 C the eggs hatched in about 30 hours. Mansueti (1964) indicated that
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hatching occurs in approximately 48.hours at 17 C. In an inuestigation of the
effects-of'temperature on the development of white perch.eggs,_Morgan and
lRasin (1973)'reperted that the optimum deveiopmental rate occurred from 11‘to
16 Q, and that development at these temperatures was more than three times
greater'than:at 20, 25, and 26 C.. The expected result of high incubation tem-
- peratures is a eontinual_increase in developmehtal rate as temperatures in-
crease until they become lethal (see striped bass Subsection 3.2.1). The
“lower rate of development of white perch eggs at higher temperatures reported
by Morgan and Rasin (1973) is in direct contrast to thls expected result.
Methods used by'Morgan and Rasin are vague, partlcularly with respect_to the
pretest temperature history of the spawned adults, spawnlng temperature, and
orlgln of the eggs incubated at each temperature. Hatching success and tlme-

'_to-hatch information'was not reported.

4.3 UPPER THERMAL TOLERANCE LIMITS

4.3.1 Incipient Lethal Temperatures

Texas Instruments (1976¢) cohducted thermalvtolerance experiments on white’
perch acclimatized to temperatures ranging from 1.0 to 26.0 C. Incipient le-
'thai temperatures (96<~hour TLSO)'fer.both juveniles and adults ranged from
19.5 to 35.0 C, depending on acclimatization temperature. fhe upper'tolerance
limits for whlte perch adults (greater than 100 mm) are presented in Figure
'4—1 along with upper avoidance temperatures Significant variation due to
size was not evident, although'the highest lethal'temperature (35.0 C) was
reported-for juvenile white,perch acclimatized to 26.0 C. Tolerance limits
uere significantly'higher during falling river temperatures than during risihg

temperatures, but the difference was a maximum of only 2-3 C.
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McErlean and Brinkley (1971)_conducted 24-hour TL50s on white perch to study
the effects of thyroid'actiuity on the temperature’tolerance of white perch :
 FlSh ‘were acclimated to temperatures usually higher than the collection tem-
perature prior to testing. .The results indicated that tolerance levels were
generally directly related tovacclimation temperatures as shown in Table 4;2

. (results presented are for nontreated white perch).

White perch thermal tolerance limits increase slightly when subjected to a
‘gradual increase in temperature, rather than a sudden "shock " Trembley_(1960)
exposed white perch acclimated to 4.5 C to a temperature increase at a rate of

1.9¢C per.hour. The TL50 determined under these test conditions was 28.0 C.

- 4.3.2 Temperature Tolerance to Short-Term Exposure

Limited investigationsfof white perchvthermal tolerance limits within the'zone
of thermal resistance have been reported. Meldrim and Gift (1971) exposed
Juvenile white perch to elevated temperatures for 15 minutes. They concluded
that white perch could survive this short-term exposure to temperatures 8.5 C
above river ambient temperatures not exceeding 26.5 C, although some stress
was noted. White perch acclimated to'30.5 c survited a 15-minute exposure to
36.0 C,‘but did not‘suruive an exposure to 39.0 C.- Dorfman and Westman (1970)
acclimated -a group of four white.perchAto 18.9 C and a second group to 26;7 C
and then increased the temperature until the fish lost equilibrium (18<40
minutes of heating; exact experimental conditions were not defined). White

_ perch acclimated to 18.9 C lost equilibrium at 33.5 C, and fish acclimated to
| 26.7 C lost'equilibrium-at 36.3 C. Upon transfer todcooler water, six of the

eight fish recovered equilibrium'and survived.




TABLE 4-2 THERMAL TOLERANCE TESTS PERFORMED ON WHITE PERCH BY
McERLEAN AND BRINKLEY (1971)

' Month, Year
1968

March -
November
December

" December

November

June
October

September

1969

1968

1969

1967

1968 -

1967
1968

2

3.
6.
6.

22.

24.

(a) Tests performed at 5 ppt

12.

23.

Collection

Temp. {C},.
.9

0
8

salinity.

Acclimation

_Temp. (C)

10

“10.
10.
10.
17.
20.
27.
28.

.0

0

24-Hour(a)
TL50 (C)

26.2
26.0
27.2
23.6
27.7
29.2
32.7
33.2



-»u.3,3- Temperature Tolerance to Entrainment»Exposures--Laboratofy Studies

To ‘simulate power plant entrainment‘of_fiéh.eggs, Schubel (1974) exposed white -
perch eggs in the earlyvgasfrula stage (2U hduré old) and early‘eﬁbrvaStage
(47 hours oid) to various'timé-témperature histories of 6-16 C above ambient
for.10-66 minuﬁes,’followed.by a deérease in temperature'to within-1 C of ambi-
" ent during 60~ to 300-minute cooling pefiods; The hatchiﬁg success qf experi-
mental eggs wés not significantly different frbm that of the‘confrols. These .
findihgé indicatedvthat'temperaturé sﬁocks up to 10 C above an.ambient temper-
atube of 13.4414.5:C7durihg;plant or plume entrainment would not result in

mortality of white perch eggs due to temperature.

u.u1 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

4.4.1 ‘Tempehature Avoidance--Laboratory Studies

Texas Instruments (1976c), Meldrim and Gift (1971), and Meldrim et al. (1974)
investigated the avoidance responses of white perch acclimated to ambient
rivér'temperétures.rénginé from 1 to 26 C. Salinities ranged from 0 to 9 ppt
during both sthdies. " The avoidancé results for adults (greatér than 100 mm)
are shown,ih'Figupe 4-1, along with 96fhour TL50s (Tgxag Instruments 1976c)
determiﬁéd on similar sized white perch. Both studies indicatéd that écclima-
tization tempefature was the mostbimporfant factor determiﬁing the upper

avoidance temperature.

Texas Instruments (1976c¢) reported that size was‘sighificant (P = 0.05), with
adults avéiding temperatures 6-8VC-higheh than juveniles during the winter;
hdwever, by summer these siie specific differences were reduced to within

2 C; .Both juvenile and édult avoidance>temperatures were 1-5 C higher during

falling ambient river temperatures'than dufing rising temperatures. At maxi-
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mum summer river temperatures (26-27 C), white perchlconsiStently avoided tem-
pebatures 5-8 C above ambient (upper_avoidance temperaﬁures ranged from 31 to
35 C). No relationship3ﬁas found between white perch ayoidancé aﬁd salinity.
Similar size and season effects were reported by Meldrim and Gift (1971),
except that smaller fish avoided slightly higher temperatures than did adults
during falling river temperatures. Light levels and salinity were statistic-
ally significantjvariabiés, with avoidance temperature varying inversely with
salinity. Further sfudies (Meldrim et al. 1974) showed that low dissolved
oxygen safuration’levels, when associated with wafmer tempefatureé, reduced

the avoidance response temperature.

4.4,2 Temperature Preferedce--Laboratory Studies

Temperature preference tests were conducted by both Meldrim and Gift (1971)
and Texas Instrumentsv(1976c) on white perch acclimated to river temperatures
ranging from 3 to 29 C and salinities from 0 to 9 ppt, though different meth-
ods were employed. The principal difference between the ﬁethodblogies was the
time allowed for fish to acclimate to higher temperatures. Meldrim and Gift
(1971) terminated observations when fish failed to gravitate to higher temper-
atures after 20 miﬁutes (1-4 hour tests; James J. Gift, personal comﬁunica—
tion), while Texas Instfuments (1976c¢) continued observations for 27.5 hours.
Figure 4~2 compares the preference responses of white perch as determined by

. the two methods. Initial préferred temperatureé were closely relafed to ac~
clihatization temperature (Meldrim and Gift 1971), whereas fish tested for
longer periods gravitated to much higher temperatures (Texas Instruments
1976¢), résulting in an appabént curvilinear relationship with acclimation
temperature. The curve depicted in.Figure 4-2 for preferred temperatures de-

termined by Texas Instruments (1976c) was fit by inspection for both juveniles
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and adults. The higher values were judged to be more representative of gravi-
tation towards a final preferendum, and therefore, were given'more weight in

fitting the curve.

Meldrim and Gift (1971) reported significantly higher preferréd temperatures
-during rising river temperatufes than during falling temperatures; however,-

© this relationéhip was not significant in the longer tests performed by Texas
Instruments (1976c¢). Size was not a significant factor determining tempera-
ture preferenée in‘eithér study, although Texas Instfuments (1976¢) found that'
vjuveniles preferred-temperatures 1-3 C higher fhan adults when acclimated to
high river températufeS'in the summer. Salinity was also a significant vari=-
able in the Meldrim énd Gift (1971) study, with preference varying inversely

with salinity (i.e., higher salinities resulted in lower preferred temperatures).

Although:the majority of laboratory information indicates thatvwhite perch
avoid lethal temperatures; both Meldrim and Gift (1971) and Texas Instruments
(1976c) observed that white perch entered lethal portions of the gradient and
lost equilibrium or died. These observations weré generally made during tests
where the acclimatization temperature ﬁaé less than 15.5-17 C. However, the
occurrence of these incidences was low, and it is questionable that this would
occur under natural conditions where the fish do not encounter the artifi-

cially steep gradients‘such as Ehose in laboratory and experimental systems.

4.4.3 Temperature Avoidance and Preference--Field Studies

Consistent with laboratory avoidance and preference information, white perch
are commonly attracted to heated discharges (Moore and Frisbie 1972; Marcy and
Galvin 1973; Moore et al. 1973; Marcy 1976). Young white perch were found in

the Connecticut Yankee Atomic Plant discharge canal (Connecticut River) in
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temperatures up.tdluo.C, and all sizes_wére.avéilablé in the éanal'dﬁring all

',monthS'excepﬁ:January aﬁd February (Mabcy'1976). vMafcy'(1976) further re-

- ported that white perch apparently did not overWiﬁter in the canal. Most fish
~ . left the canal when'temﬁefatures exceeded 35 C.  White pérch_returned.to the
canal in large nﬁmbers'during late summer. Moore and Frisbie (1972) reported
a winter sport fishery in the dischérge canal of a'stéam electric generating |
station on the Patuxent River, Maryland,’where white perch was the most fre-.

quently caught fish from January through April.

4.5 LOWER THERMAL TOLERANCE LIMITS

' Tean Instruments (ﬁ9760) performed limitedltests on white perch adults to
asseséithe potential for mortality of plume residen# fish due to a plaﬁt shut-
.down during ﬁhe ﬁinter; White perch acclimated to 10, 15, and 20 C were cold
shocked by decreasing the temperature 50 percent 6f the fgll decrease during
the first 10-15 minutes of exposure, and cohtinuing to deérease temperatures
to 2 C over the hext'3 hours. vResults indicate that né mqrﬁality would be
~expected due to a drop of up tov13 C below ambient, to a temperature of 2 C, -
as Shown below. However,'an 18 C drop to 2 C.resulted in 50 percent mortal-

ity after 96 hours.

- Acelimation  Test Mortality
Temperature Temperature  After 96 Hours
(c) (© (2)
10 2 0
15 2 0

20 ' 2. : 50

~ Meldrim et al. (1971) subjected four white perch adults (144-150 mm) to an
instantaneous cold shock from 6.7 to 1.1 C. No mortalities occurred during

the 72-hour expésure although all the test specimens lost equilibrium. Equi-
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librium was regained by two fiSh within 3 hours, but the remaiﬁing two fish
failéd to regain equilibrium after 72 hours of exposuré to the depressed tem-
perature.> In other tests, fish were cold shocked for 15 minutes from 6.7 C
to temperatures as.low as 0.0 €. All fish lost equilibrium, but recovered
after return tb the.acélimation ﬁemperature. These results_suggest thaf.the
_'ultimate lower incipient'lethal temperature'for white perch may be slightly

. higher than 0 C.
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CHAPTER 5: ATLANTIC TOMCOD

5.1 LIFE HISTORY SUMMARY

The Atlantic tomcod (Microgadus tomcod) is distributed prinéipally along the
Atlantic coaét'of Nprth America from southern Labrador to the Hudson River,

~ and occurs incidently as far south as Virginia. Atlanﬁic tomcod are also
léhdlocked in Lake St. John,.Quebec; and Deer Lake, Newfoundland (Séott and
Crossman 1973). Toﬁcod aré normaliy endemic to estuaries, embayments, and
harbors; they are especially abuhdant at the terminus of stream and_river
drainage (Bigelow and Schroédgr 1953) but sometimes ascénd streams_or rivers,
well above the tidél influence, into freshwater (Scott and Crossman 1959,
1964). 1In the'MaritimebProvinces and the Gulf of Maine, tomcod remain close
inshore year-round (Bigelow and Schroeder 1953§ Leim»and Scott 1966); south §f
Cape Cod,-adult'fish ha§e been reportéd to move offshore into slightly deeper

water as the inshore waters warm (Nichols and Breder 1926).

Tomcod are predominantly anadromous, migrating frqm lower estuaries and coast-
al waters during late fall and winter into brackish and freshwaters of rivers
and estuaries fo spawn (McKenzie 1959; Howe 1971; Texas Instruments 1976a),
although spaﬁning in saltwater has also been reported (Bigelow and Schroeder
1953). Spawning occurs from mid-November to abéut‘the end of February at
waﬁer temperatures ranging from 0 to 3.9 C, with peak spawning occurring in
January (Bigelow and Schroeder 1953; Scott and Crossman 1973). During winter
‘fishery surveys on the Hudson River in 1973, the largest catches of spawning
adults occurred during January at wéter temperatures of approximately 1 C and
maximum salinity of 1 ppt (Texas Instruments 1976a); Booth (1967) collected
ruhning ripe males and females from the Mystie River, annecﬁicut, at a sur-

face temperature of 0.0 C.and‘a salinity of 15.7 ppt.
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Spawniné appears to be limited to‘salinities from 0O to-20'ppt;'based on sberm'
-motility observations by Booth (1967).- Bboth suggested that low salinity dur-
ing the few seconds of the spawning act is more'significant.to spawning success
than:subsequent sélinities during incubation. - He hypéfhesized that in high
salinity waters (>20 ppt), tomcod spawn invthe,lowér saliﬁities derived ffom,
'.freshwater influents or from melting snow and ice aloﬁg the water's edge. Tom-
cod eggs arebdemeréal and slightiy adhesive, and sink to the bottom to become
attached to the substrate‘(Booth'1967;'Scott and Crossman 1973). ‘Incubatioh
time. has been repobted to be 30 and 24 days at temperatures of 4.4 and 6.1 C,
respectively (Bigelow and Schroeder 1953); and nearly double this period at

a temperature of 0 C (Leim and Scott 1966) . |

After hatching, the larvae drift downstream into the lower portions of the .

estuaries where they_inhabit predominately bottom waters (Howe 197!).' Durihg
Hudson River fishery surveys conducted in i973, jﬁvenile'Atlantic tomecod first
began to appear'in bottom trawl catches in May, and most'individuals were caﬁ—
tured in more braékish,»downstream areas (Texas Iﬁstruménts 1976a). Howe (1971)
reported thaﬁ young‘tbmcod were restricted to areas within the Wewanfic Rivér,
‘Massachusetts, where the salinity was'greatef tﬁan'10 ﬁpt and thé tempéfature
was léss thaﬁ 26-C. Texas Instruments further reported that tomecod were sel-
doﬁlcollected in shore zones; fhe majority were collected in.the 20~ to uo-fé
depthvstrata, with some océurring'at'depﬁhs'exceeding 100 ft. Gonad matura-
tion of young-of-the-year tomcod in the loﬁer Hudson'River»was reported to bé-
.gin in October, followed by a return to upriver areas in the winterito spawn

(Texas Instruments 1976b).

Howe (1971) reported that 3-year-old tomcod were rare in the Wewantic River,

and that tomecod older than 3'years_were not taken. The spawning population of -



tomcod in the Hudéon'River is composed almost entirely of 11~ to 13-month-old
fish (Texas Instrdments 1976b)L The féﬁe of postspawners in the Hudsoh River -
is generally notvknown. Texas Instruments (1976a) reported catching large
numbers of postspawners (yéarlings) from channel areas in the lower estuar&
until the énd of May. bDurihg late'May and late June, relatively large numbers
were uncharacteristically collected invbeach seines in the Yonkers region of N
the lower estuary; the sbuthernmost collection Stations during the survey
(Texas Instruments 1976a). Although some adults.older than 1 yeép accompany
the yearlings during the spawning‘migration in the Hudson River, their numbers
are very low; and the& do not repreéent a significant elément of the repro-
ductive stock. Atlantic toﬁcod'appear to be dependént on the estuarine eﬁvi-
ronment fdf néarly all phases of their life history, and their abundance may

be subject to the success or failure of individual year classes.

Life history aspects are more thoroughly discussed in McFadden (1977), with
emphasis on the vulnerability of Hudson River Atlantic tomcod to Hudson River

power plant effects.

5.2 UPPER THERMAL TOLERANCE LIMITS

Texas Instruments (1976c) conducted a single upper thefmal tolerance test on
Atlantic tomcod at an acclimatization temperature of 1.0 C and produced a 96- -
hour TL50 of 16.3 C. All specimens exposed to 20 C showed activity indica=-

tive of stress or equilibrium loss within 30 minutes; 60 percent died within

4.5 hours, and the remainder died within 20 hours.

Huntsman and Sparks (1924) exposed Atlantic tomcod acclimatized to 10.2-15.0 C

to increasing temperature (0.1-0.4 C per minute) and identified the tempera-
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tures resulting in death. A single specimen was used in each test. Their

besults'are shown below:

" Size . Temperature Resulting - Number of

(mm) ~ in Death (C) Tests
20 - 19.0-20.9 ' -y

20 _ - 27.2 : 1

140 : 26.1 1.
150 : ' 23.5 ' : 1
220-290 : 25.8-30.3 8

,Huntsmén.and Sparks (1924) suggested that the thermal tolerance limits observed .
for four sméller specimens may have been too low because of injury during col-
lection. .Exciddingvthese tests, thermal tolerance limits obtained under these

test conditions ranged from 23.5 to 30.3 C.

Short-term exposures of tomcod larvée to elevated temperatures were conducted -
by Lauer et ai. (1974). They determined safé temperature expésures (those
comsinations of exposure time and temperature-thét caused no apparent increase
‘in mortality or abnormal behavior compared with controls) for larvae 1-42 days
old_éftér exposure to elevated temperétures for 30, 60, and 720'minutes, The
26-hour;old tomecod larvae tolerated an 8.9 C delta-T above an ambient of 1.1 C
for 30 minutes. Tomcod larvae Hu-hours and older wére_able tq tolerate tem-
perature increases of at least 14.4 C above an ambient of 1.1 C for 30 min-
htes. Older larvae tested were also able to tolerate a 14.4 C delta-T for.60
ﬁinutes. Safe temperatufe increases for 720-minute exposurés, however, were
muchllower, ranging from 3.3 to 4.9 C above ambient, ér 4.4.6.0 C.. These tol-
erance.limits‘appear to be low, particularly since Booth  (1967) successfully
reared Atlantic tomcod eggs and larvae at 5.0 C in ﬁhe labqratory for use in -

preparing egg and larval descriptions.



5.3 TEMPERATURE AS A FACTOR DETERMINiNG BEHAVIOR

Texas Instruments (1976¢) conducted several avoidance experiments on yearling
tomcod at acclimatization temperatures ranging from 0.5 to 8.9 C. Avoidance
temperatures ranged from 9.6 to 20.0 C, increasing with increasing acclimati-

zation temperatures, as summarized below:

Acclimatization Upper Avoidance
Temperature - Temperature S Number of

(C) : ' (C) o Tests

0.5-1.0 : 9.6-13.3 20

1.3=2.1 . 11.7-15.8 5
2.8-3.0 ~15.1=19.0 2

4.0 _ 17.5 1

5.8 - 13.8 1

8.9 - 20.0 1

5.4 OPTIMUM TEMPERATURE FOR PHYSIOLOGICAL FUNCTIONS

In the sumher, temperature appeérs to be a limiting factor for Aflantic tomeod
in New England waters and southward (Nichols and Breder 1926; Howe 1971; Targett
and McCleave 1974; Texas Inétruments 1976a). Whereas most fish exhibit maximum
growth during the summer, Howe-(1971) rgported the greatest feeding activity and
growth for tomcod in the Wewantic River from Jénuary-March to July.  Texas
Instruments (1976b) reported a growth slowdown for tomcod in the Hudson River
during midsummer, when temperatures were reported to be greater than 25 C

(Texas Instruments ﬁ976d), which resulted in marks (annuli) on scales and
otoliths indicating the end of the growing season. vGrowth rates were observed
to increase again during the fali as temperatures decreased below approximate-
iy 20 C. In addition, gonad maturation was reported by Texas Instruments
(1976b) to begin as temperatures began to decrease in £he fall. These obser-

vations indicate that normal summer ambient temperatures in estuaries within



the southern portionvof the range for tomcod are in excess .of optimum temper-

aturés for physiological functions.
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CHAPTER 6: ALEWIFE

6.1 LIFE HISTORY SUMMARY

The élewife (Alosa ﬁseudoharengus) is an aﬁadromous, schooling species indige-
nous.to streams and lakes of the Atlantic coastal drainage of North America

_ from Newfoundland (Scott and Crossman 1973) to South Carolina (Mansueti and 
Hafdy 1967). Landlocked populations occur in the Great Lakeé, the Finger
Lakes in New York”State, and othgr freshwater lakes (Scott and Crossman 1973).
' Marine populatibné of alewives spend'mgst of their lives in the sea, entering
freshwater to>spawn (Scott and Croséman.1973). Individuals of this gregarious
species cbngfegate in schools of thousands of individuals, and apparehtly a
given school holds together during most of its sojourn in saltwater (Bigelow
and Schroeder 1953). Bigelowband Schroedef (1953) state it is likely that the
majority remain in the general viecinity of the freshwater influence of the
stream mduths and estuaries from which they emerged, though large catches have
been taken up to 80‘mi offshore. In the Atlantic, maturity is reached in 3
years off Massachusetts and 4 years off Maine (Rounsefell and Stringer 1945).
Few anadromous alewives spawn more than once (Rounsefell and Stringer 1945), V
although multiple spawning has béen reported for some landlpcked populations

(Carlander.1969).

Alewives spawn in streams of any size, from very small (with only a few inches
of water)-to rivers as large as the St. John or the Hudson (Bigelow and

_ Schroeder 1953). Early spawning runs have been reported at temperatures rang-
ing from 4 to 7.5 C (Cooper 1961; Kissil 1974; Richkus 1974). Peak spawning
runs typically occur at temperatures of 13-16 C (Richkus 1974; Tyus 1974).
Cooper (1961) observed that alewives migrate into Spawning areas during daily

warming periods, and Collins (1952) presented experimental evidence indicating
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that migrating adult alewives eﬁter warmer water when-offereq a choice of two
températures.. Soon after spawning, the speht fish mové downstheém (Bigelow
and Schroeder 1953; Coopér 196f; Kiséil 1974). Considerable mortality of post-
spawners was observed'by'Cooper'(1961) and Kissil (1974); Kissil‘(197u) hy-
pothesized that fhisvmortality was due to (1) inability of thé.fish to aceli-
_mate fo fluctﬁating temperatures;,(2);osmoregulatory stress, or:(3) fatigue

due to the lérge.energy expenditure during spawning.

Spawning takes pléce ¢ver a sénd or gravel bottom (Mansueti and'Hardy 1967;
Texas Insfruments 1976); Eggs are broadcast at random and éreAdeiefsal aﬁd
Zslightly adhésive,immediately.after extrusioh, but later become nonadhesive
(Cooper 1961). Téxas Instruments (1976) reported that alewives-spéwn in the
Hudson River estuary at temperéfues of 10-17.5 C; Spawning temperatﬁfes ré-

pofted for other areas'are Similar, as shown below:

Spawning Temp.

Source : " Location - Range (C)

Smith (1971) ' Tributaries to ' 12.0-20.0

_ : Delaware River

Leim and Scott (1966) Margaree River, - . B.9=12.2
Canada ‘

Tyus (1974) Lake Mattamuskeet, © 12.9-13.1 (peak)

. North Carolina . _

Cianci (1965) Bride Lake, | 10.0-15.0

Connecticut

In the Kalamazoo River (tributary to Lake Michigan) Edsall (1970) observed
bthat spawning was interfupted when water temperatures rosé above 27.8 C during
a week oflabnormally high temperétﬁres} He reported that all mature unspawned
females captured in the river at these high temperatures contained slightly

opaque eggs that could not be fertilized. When water temperature fell_below

6-2 -



27.8 C, a new group of alewives with viable eggs and sberm entered the river
from the cooler wateré of Lake Michigan, and spawning was resumed (Edsall

1970).

Afﬁer hétching, the young remain in -the tribﬁtaries and estuaries in which
they were spawﬁed during spring and early summer, and then migrate to the sea
in successive schools (Bigelow and Schroeder 1953; Texas Instruments 1976).
Cooper (1961) observed the first schéol of yéﬁng alewiveé migrating downstream
from Bride Lake (Connecticut) 66 days after the mean spawning date. He fur-
ther reported that downstream migration was correlated hith increased cﬁrients
resulting from rainfall. By fall, the majofity‘of young havé moved'out.to sea
(Bigelow and Schroeder 1953; Cooper 1961; Texas Instruments 1976), but some
rémain within the estuarine nursery area during their first wihter, and a few

through their second winter (Hildebrand and Schroeder 1928; Hildebrand 1963).

6.2 TEMPERATURE REQUIREMENTS FOR EARLY DEVELOPMENT

Eggs from Lake Michigan alewives were incubated by Edsall'(1970) at 79 differ-
ent temperatures frqm 5;6 té 30.6 C. Adults were collected and eggs were fer-
tilized at 20-21.1 C. The eggs were incubated at the test temperatures withiﬁ
5 hours aftef fertilization;.equilibration to the test temperatufe was accom-
plished within 30 minutes after inéubation.' Hatching occurred between 6.9 and
29.4 C and was optimum (38 percent hatch) at about 17.8 C. Below 10.6 C, 69
percent'of the larvae that hatched were deformed whereas only 1;7 percent of
those hatched at 10.6 C and higher had deformities. Edsall (1970) concluded
that the development.through hatching of any considerable percentage of ale-

wife eggs may occur only at temperatures somewhat above 10 C and below 26.7 C.
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Incubation time for marine stocks of alewife eggs has been reported to be
u;u-u.g days at 9.4-13.2 C (Cianci 1965), 6 days at 15.5 C (Bigelow and Welsh
1925), 3;5 days at 20 C (Mansueti and Hardy 1967), and Z-H‘days at 22 ¢
(Belding 1921). Edsall (1970) reported similar incubation times for Lake
Michigan alewives, varying from 13 days at 7.8 C to 2-3 days at 20.0-21.1 C

- and 1-2 days at 26.7-28.9 C.

‘6.3 UPPER THERMAL TOLERANCE LIMITS -

6.3.1 Incipient Lethal Temperatures

Upper incipient lethal temperatures'and median survival times were detérmined
by Otto et al. (1976) for Lake Michigan alewives exposed to constant temperé-
tures for 7 days (10;006'minutes) foilowing an abrupt increase in temperature.
Young-of-the-yéar alewiveé wereisomewnat more tolerant of high temperétures

than were adults, as shown below:

Acclimation Incipient Lethal
Temperature - Temperature
(c) ' , ' (C)
Adults S 10 o 235
‘ 15 23.5
20 ' 24,5
Young of the year 10-12 ' 26.5
24-26 32.1

Mortality due to high temperatures was essentially complete for young-of-the-
year alewives within 300-500 minutes, while adults continued to die beyond
1,000 minutes of exposure (Otto et al. 1976). These results indicate that,

although smaller alewives are more tolerant to higher temperatures than are
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mature fish, their zone ef thermal resistance (temperatures between incipient

lethal and instantaneous death limits) is somewhat smaller.

Upper ineipient_lethal temperatures (83.3-hour exposures) were also determined
by Graham (1956) for adult and young-of-the-year alewives from Lake Ontario.
~ His resultevwere generally comparable to studies conducted by Otto et al.

(1976) at similar acclimation temperetures, as shown below:

Acclimation Incipient Lethal

Temperature . . Temperature
(¢ (C)
Adults | 10 | 20
: 15 . , 23
.20 - 23
Young of the year . 5 ' 15
o 9 23

Dorfman and Westman (1970) gradually acclimated Hudson River alewives (young
of the year), previously acclimated to 18.9-20.6 C, to higher temperatures at
a rate of 0.6-6.7 C per day, using the slower heating raﬁe at higher tempera-
tures. The first mortalities were generally observed as temperatures exceeded
32.0 C. During one test; two of the five fish survived and fed at 34.4 C for
two days. Upon increasiﬁg the temperature to 35.4% C, the remaiﬁing fish died.
Stanley and Colby (1971) reported that 30-40 percent.of young Lake Michigan
alewives acclimated to 16.2 C and subjected to a temperature increase at a
rate of 2.5 C per day, died et 30-31 C. These results indicate that the ulti-

mate incipient lethal temperature for young alewife is approximately 31-32 C.

6.3.2 Critical Thermal Maxima

Otto et al. (1973, 1976) exposed Lake Michigan alewives acclimated to tempera-

tures ranging from 5 to 25 C to increasing temperatﬁres at a rate of 0.3 C per
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minute.. A critical thermal maximum (CTM) was identified és*the temﬁerature
resulﬁiﬁg.in loss ofvequilbriumhof SO_perceﬁt ofithe-teSt fish. They reporﬁed
" that CTMs'for matuhé adults increased-by abouﬁ 0.4 C.for each degfee,of in-
crease in*acclimaﬁion temperature;.and 6.5 C per degree of increase for young
bf]the year. The CTM results obtained for fish acclimated to 5-30 C aré pre-

sented below (Otto et al.-1973):

"Acclimation Critical Thermal
Temperature . Maxima
(C) o ()
_ . Edult Y-0-Y
5 . 24.7 : 24.7
10 28.7 26.7
15 _ 29.9 29.5
20 31.9 31.9
25 32.8 34.3

30 _ | a- ' 36.7

In further studies, Ottq et al. (1976) determined the rate at which ﬁeat tol-
.erance is gainéd or:lost by aléwife adults folloﬁing an ébrupt 10 C change in
temperature. Following transfer from 1OIC to 20 C, the CTM increased within
1dvpenéent of the CTM established for fish acclimated to 20 C by the sixth
day. ?ish'acclimated to 20 C and'transferred_to 10‘C'acclimated at a much‘
slower raté, achieviﬁg»a change in the CTM equivalent to 90 percent of phe
maximum anticipated change by day 11. They concluded that the loss of heat
'tblerance by alewife following a decrease in temperature occurs'at approxi-
mately one-half thé rate of gain of heat tolerance following a temperatﬁré

increase.

6.3.3 Thermal Tolerance to Entrainment Exposures-4Laboratory Studies

Schubel (1974) subjected alewife eggs to time-temperature histories typically

experienced by Qrganisms that are either carried through the once-through
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coolihg syétem of a power.planf, or are entrained into the thermal plume
withoﬁt passing through the plant. The maximum excess temperature tested
ranged from 6-10 C above.ambient (12-14.5 C) for 2.5-60 minutes, followed by
a cooling'period ranging'from 60-300 minutes.-.The stages of alewife eggs
tested ranged from 4 and 8 cell eggs (3 hours old) to late embryos (9i hours
- old). Schubel (1974) reported that the hatching success of experimental eggs
was not»significantly different from that of the controls (ét the 1 percent

level) under all testing conditions.

6.4 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

6.4.1 Temperature Avoidance

Meldrim and Gift (1971), Texas Instruments (1973), and W&llie et al. (1976)
determined the upper avoidance temperatures for estuarine alewives acclima-
tizgd to temperatures ranging from 3 to 25 C. Avoidance temperatures ranged
from 18.0 to 31.9 C and were consistently lower than the incipient lethal tem-

peratures reported by Otto et al. (1976) at similar acclimation temperatures:

Upper

Acclimatization: Avoidance
Temperature _ : Temperature
(C) (C) Source
Adults _
10.6 18.0 Texas Instruments (1973)
11.4 : 7.0 Texas Instruments (1973)
1.7 16.0 ' Texas Instruments (1973)
11.8 18.0 Texas Instruments (1973)
12.5 , . 18.0 Texas Instruments (1973)
20.4 27.0 Texas Instruments (1973)
Juveniles
17.0 26.0 Meldrim and Gift (1971)
18.0 24.0 Meldrim and Gift (1971)
25.0 30.0 Meldrim and Gift (1971)
25.0 31.3 Wyllie et al. (1976)
25.0 31.9 : Wyllie et al. (1976)



6.4.2 Temperature Preference

Alewife youhg of the year‘have been. shown to pbefer temperatures ranging from
19.0Ato_26.5 C when acclimated to ambient temperatures ranging from 1-U to‘

26 C (Meldrim and Gift 1971; Otto et al. 1976; Wyllie et al. 1976), as shown |
in Figure 6-1. Ctto et al. (1976) found that adult alewivee preferred temper-
atures‘ranging from 12 to 21 C over ambienﬁ Lake Michigén temperatures of 1-
18 C; these temperafures'were'consistently lower than those preferred by young
of.the year (Figure 6-1). 1In addition, Otto et al. (1976) observed definite -
seeeonal trends in temperatufes-preferred by adults. The maxieum preferred
temperatﬁfe of adults (21 C) was obeerved\when water'temperatures.ranged from
7 te 1140’ corresponding to the initial portion of the spawning period; pre-
'ferred temperetures then declined despite'rieing lake temperatures, reaching

a eummer minimuh of 16 C in Aegust. iReutter and Herdendorf'(1976) similarly
determined a preference temperature of 2i.3'C fof Lake Michigan alewife adults
ih sprihg. Wells (1968) studied the seasonal depth disﬁributioh of alewivee‘
iﬁ Lake Michigan as related to water temperature and observed seasonai move-
ment pattefﬁs which closely corresponded to seasona; temperature preferences

determined by Otto et al. (1976).

6.5 LOWER THERMAL TOLERANCE LIMITS -

 Stanley and Colby (1971) observed that alewives acclimated to 16 C and exposed-
to deereaSing temperatdres af a rate ef 2.5 C per day‘died or were immobilized
when temperatures reached approximately 3 C. They further found that labora- =
tory mertalities were:as great for.alewives held in seaAwater'as for those
held in freshwater, suggesting that the.salinity.of the sea watef or brackish
environment does not provide anradvantage for alewives to tolerate acute tem- x

perature.stress.» Colby (1973) exposed Great Lake alewives to gradually de-
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Figure 6-1. Short-term temperature preference of aiewife.



creasing temperatgres (from 12-18 to 2.2 C) ovér 2-é2 week periods and consis;
tently observed marked increéses in mprtality as-the temperature approached
and exceeded 3.0 C. Otto et al.’(1976) reported a lower incipient'lethal tem-
.perature of 8 C (TL60) for adult Lake Michigan alewives acclimated to 21 c,
-'and a lower incipient lethal temperatufe of 6 C (TL60) for adults accliﬁated
_to 15 C. Fish acclimated to temperatures of 5 énd 10 C did not appear to be
appreciaﬁly more tolerant of cold shoeck than thése acclimated to 15 C. No .
fish survived a transfer to temperatﬁres of 2.5 C-or lower regardless of their
acclimation staté; Based on their résults, and those of earlier studies, Otto
‘et al. (1976) estimated that 3 C was the ultimate lower incipient lethal tem-

perature for alewives.
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CHAPTER 7: WHITE CATFISH

7.1 LIFE HISTORY SUMMARY

White catfish (Ictalurus catus) are endemic to coastal streams and rivers from

Massachusetts south to Florida, énd west along the Gulf coast to the Escambia

_ drainage (Mansueti‘and Hardy 1967; Carlander 1969). They have been extensively
introduced into other areas including California,vLake Erie, and several im- '
poundments and small ponds (LaRivers 1962; Miller 1966). White catfish inha-
bit both fresh and bfackish waters (Carlander 1969) up to a maximum salinity

of 14.5 ppt (Kendall and Schwartz 1968), and have been reported to exhibit a
greater tolerance for brackish water'than other North American ictalurids

(Turner and Kelley 1966).

LaRivers (1962) reported that the white catfish can live successfully in a
variety of situations, seeming to prefer slower or standing waters, and do

well in creeks if they contain large pools. In streams they_are most abundant
in areas intermediate between the faster waters preferred by channel catfish

and the slow waters with silt bottom preferred by bullheads (Trautman 1957).
Tagging studies in Clear Lake; California, indicated no apparent seasonal migra-
tory tendencies among white éatfish, although they were capable of extensive

' movement from the tagging sites (McCammon and Seeley 1960; Miller 1966). Marcy
(1976) reporﬁed that ﬁhite catfish in the Connecticut River exhibited a definite
seasonal migration pattern, overwintering in the tributaries, coves, and éttached
ponds, and returning to the main river in early'spring. In the Hudson River,
white catfish are apparently common throughout the.tidal‘portion of the river

year-round, but are not abundant (Quirk, Lawler and Matusky Engineers 1973).
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White'catfish.spawn during the spring as water’temperatures increase above 20 C
(Prather and. Swingle 1960; LaRlvers 1962 Turner and Kelley 1966). Prather
and Swingle (1960) reported that no spawning was observed among white catfish
inlponds at temperatures greater than 26.5 C. The eggs are laid in adhesive
masses (Breder and Rosen 1966) in nests' on sand or gravei bars (Milier 1966) .

~ The nest‘ie_generally a circular depression 30;36 in. in diameter and 12-18 in.
deep (Miller 1966). The eggs hafch in 6-7 daysvat tenperatures averaging 26.5 C
(Prather and Swingle 1960)..'The young are closeiy guarded by the parents and
travel in dense schools until the end of the first:summer (Breder and Rosen |

1966; Migdalski 1962, cited in Mansueti and Hardy 1967).

7.2  UPPER THERMAL TOLERANCE LIMITS

Laboratory‘thermal'tolerance tests indicate that white catfish are very toler-
ant. of temperature increases. Trembley (1961) exposed 21.species of fish com-
_non_to the'Delaware River to temperature increases of 0.5 and 1.0 C per hour,
and identified the temperature resulting in 50 percent mortality.  The re-

‘sults for white catfish are presented below:

Acelimation . Rate of Temperature ,
Temperature Increase ' Lethal Temperature (C)
(C) (C/heur) o LD1 LDSO -LD100
7.0 | 0.5 ' 32.0 33.5 35.0
1100 . ) 1-0 3500 3600 36-5

White catfish and brown bullheads exhibited similar tolerance levels during
the study, and higher tolerance levels were exhibited only by banded killifish.

Channel catfish were slightly less tolerant than white catfish.

Laboratory studies on the thermal tolerance of white catfish collected from

| the Patuxent Rlver, Maryland and acclimated to 20 C resulted in 12-hour TL50s
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of 31;0 C fon small adults (160-235 mm) and 29.2 C for 1arger.adulfs (220-(

300 mm) (Kendall and Schwartz 1968). -These tolerance'levels webe»reported to
beviower than those found for other-ictalnrids, in oontrast to results re-
portedhby Trembley (1961). Moreover,  tolerance limits reported by Kendall and
Sehwartz‘(19685 are-questionable because of high mortality in control aquaria

' dnringbfhe test.(30 percent for both size groups), especially in light of the

relative hardiness of thebspecies.

7.3 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

Although laboratory information on the preferred temperatures of white catfish ;
is not available in the literature, field ooservations indicate that this spe-
cies is a wanmwater fish and will normall& prefer aboveeambient temperatures |
throughout the year. Von Geldern (1964) reported that most white catfish in
Folsom Leke, California, occurred in waters warmer than 21 C (warmest strata
available) during periods of thermal stratification. White caﬁfish have been
widely reported to prefer thermally elevated areas in power plant discharge
canals (Moore and Frisbie.1972;’Marcy and Galvin 1973; Moore et al. 1973;

Miller and DeMontv1974;.Marcy 1976). This preference has been obsenved to be

most pronounced in the winter and in early spring.

Marcy (1976) reported that white catfieh and brown bullheads were oollected in
the Connecticuo Yankee Atomic Plant (CYAP) discharge canal (Connecticut River)

in greatesﬁ abundance between mid-February and early April. He reported that,
with the exception of periods of plant shutdown for refueling purposes in spring,
boﬁh speoies generelly remained in the canal for about 8 months, or through

June, when dischargebtemperatures rose above 35 C. Neither species was found

" in the canal again until the following October. However, catch records for

white catfish within the discharge canal indicated that they were occasionally
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abundant in August and September during 2 years of the 5-year study. White
eatfish_were'observed to utilize the upper section of the canal where'the
flow rates were faSteb, and were most readily collected on‘ebb tide during

the early morning hours.

7.4 _OPTIMUM TEMPERATURE FOR PHYSIOLOGICAL FUNCTIONS

Marcy (1976) reported that white catflsh overwintering in the CYAP dlsoharge
-canal represented a closed population until early spring when ambient tempera-
tures rose above U C, and the canal populations began to,mlx with the river
populations. During'this‘winter‘period he investigated the;effects of the
heated discherge on the condition of white catfish. Catfieh overwintebing in .
the canal exhibited 31gn1flcantly lower average welghts and condition factors
compared with those 1n the ‘two cooler overw1nter1ng areas’ out31de the canal.
(Salmon River and Chapman Pond). .The 22 white-catfish tagged in the canal
iost weight at an average rate of‘0.14 perceht per dey, or 20.3 percent over
the winter season. Oﬁaries of white catfish collected from the heated.water
discharge oanal‘in the.winter were found to be developing earlier than those
of fish collected.outside the canel area; No damage_to the ovaries as a
.result‘of overwintering was ever observed in the oanal fish. Observations
made by Marecy (1976) indicate'that_most of the availabie energy of white
catfish that overwinter in the CYAP diéoharge oanal wes directed toward gamete
oroduction aththe expense of other tissue production. Marcy also reported
that there was no evidence of earlier spawning by catfish overwintering in the‘
- canal, at-least through April, and suggested that if earlier»spawning did take
place after April, sufficient food sources would be_availabie within the river

system to insﬁhe survival of the young.




-

7.5 LOWER THERMAL TOLERANCE LIMITS

Laboratory'reéults definiﬁgithe lower fhermal tolerance limits of white cét—
fish are not available in.the published literature; Howevef; Marcy (1976)
'obseryed that both white catfish and brown bﬁllheads exhibited lethargic be-
havior near the surface as they were carried from the CYAP canal following
"planﬁ.shutdowns during eafly spfing. No evidence of mortality was observed as
~a result of these sﬁdden drops in'temperature. .On several occasions during
midwinter, Marcy (1976) placed.white catfish collected in the canal (at tem-
perétures éf 13=15 C) intQ live-cérs that.were towed out into the river and
anchofed in water of.2.3 C. Body and opercular movements of these fishes
became reduced and their coloration faded, but no deaths occurred within a
12-hour period. Fish in one live-car, which was shifted back and forth be-
tween the canal and the river several times within a short period, also showed

no serious ill éf‘f‘ects.
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- CHAPTER 8:"SPOTTAIL SHINER

8.1 LIFE HISTORY SUMMARY

The spottail shiner (Notropis hudsonius) occurs in North America from portions

of Canada southward in the United States, to Georgia in the east, and to Ioﬁa
and Missduri in the west (Scott and Crossman 1973).‘ It genefally inhabits
.relatively large lakes and rivers, occasionally ascending a shortvdistance
into smalier tributariesv(Greeley 1930; Greeley and Greene 1931; Scott and
Crossmaa 1973). In estuariea, spottaii shiners inhabit the shore zone, occur-
ring predominately in fresﬁ or slightly brackish watef (Perlmutter et al,'
1967; Carlson and McCann 1969; Texas Instruments 1976). Smith (1971) observed_
that the distfibutibn of spottail shiners in tidai tributaries of tag Delaware
River estuary was generally limited to salinities of 5 ppt. He reported that
spottail ahiners.withdrew into the upper reaches of the tributaries during

dry, low-flow conditioﬁs when saline water penetrated farthest upstream, and -
moved downstream and into the river during periods of heavy runoff when fresh- -
water conditions prevail. Spottail shiners have been reported from other
areas at salinities as high as 10.7_ppt (Mansueti and Hardy 1967). The mini=-
mum length for maturity of spottail shiners is_66 mm, and they have been re-
ported to live to a maximum of U years ana 152 mm (Smith and Kramer 1964;

Carlander 1969).

Spottail shiners spawn in spriag and early summer, depending on latitude and
seasonal weather (Scott and Crossman 1973), aﬁd may sSpawn a second time in |
late summer~(Carlandeb 1969) . Spottail shiner éggs are demersal and extremely
adhesive. Spottail shiner have been reported to spawn in large breeding
schools near the mouths of small tributaries (Greeiey 19303 GreeleyAandiGreene

1931); in shallow, sandy areas along lake shores; and in patches of Cladophora
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at a dépth.of 4.5 m (Wells and Houée 1974). Smith (1971) collected ripe
adults infthe spring at temperatures from 11.5 to 16.8 C over sand and graﬁel
Substrates.‘ Spawning has beéﬁ bebortedlin.Lake Erie at about 20'C (Commerical
Fisheries Review_1§61) and in Lake Champlain at 18.3' C (Greeley 193@)., In the
HudSonHRiver, méjér cpncentrationsbof juveniies were gollected'betﬁeen Hyde
Park and Albany (river miles‘77-152) (Texas instruments 1976),-indicating that
this.portion of the river is a major nuréery area aﬁd possibly a principal

spawning ground.

© 8.2 UPPER THERMAL TOLERANCE LIMITS

| Otto et al. (1973) exposed Lake Michigan spottail shiners acclimated to con-
stant'temperatures ranging from 5 to 30 C to ihcreasing temperaﬁurés at a rate
of 0.3 C pér minute. A critical thermal maxima (CTM) was identified as the
ﬁemperature resulting iﬁ loss of éqdilibrium of 50 percent of the test fish.

CTMs increased with increasing acclimation temperature, as shown below:

Acclimation Temperature CT™

(C) _ ()

5 27.7 -
10 . ' *30.2
15 31.2
20 : 33.3
25 35.5
30 , 37.7

Tremﬁly'(1961) performed similar experiments on spottail shiners collected
ffom the Delaware Rivér, using_much‘slower heating rates (0?56-1.10 C per
hour);‘ Trembly (1961) defined death, rathér than'loss.éf equilibrium, as -
the end point.. Lb50 results were similar to the CTMs feported by Otto et

al. (1973), as shown below:



Rate of

Acclimation Temperature e
Temperature . Rise/Hour - Lethal Temperature
' (c) - (c) - LD1 LD50 LD100
7T 1.10 ~ 28.9  30.6  31.1
1" _ 0.56 27.8 31.1 32.8

Reutter and Herdendorf (1975) éxposed Lake Erie spottail shiners acclimaﬁed

- to ambient temperatures ranging from 0.8 to 10.0 C t§ a sudden temperature
increase of 11.1 C, and Qbsefved no-mortality during the following 60-minute
exposure beriod. After 60 minutes, the temperature was incfeased at the rate
of 3.8-6.0 C per hour, and the CTM was recorded. CTMs obtained in this manner
ranged from 27.0 to 29.2 C for fish originally acciimatized.to 5.6-10.0 C.

' These results are comparable to the CTMs reported by Otto et al. (1973) for
similar acclimation temperatures. Spbttail shiners acclimatized to 18.8 and
21.7 C were also transferred to water 11.1 C greater than ambient (Reutter ahd
Herdendorf 1975). Most of these-fish died or lost equilibrium as a result of
the thermal shock. Reutter and Herdendorf (1976) identified 32.8 C as the

'highest CTM observed for spottail shiners, based on results of these tests.

8.3 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

8.3.1 Temperature Avoidance

A limited number of tests were performed by Texas Instruments (1973) on spot-
tail shiner avoidance responses to temperature. They reported that upper
avoidance temperatures ranged from 8.0 to 17.2 C for adults acclimated to

river temperatures ranging from 3.0 to 6.3 C, as shown below:
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: . Upper
Acclimatization Avoidance

Temperature - . Temperature
(C) ~(©)
3. . 8.0
5.5 16.1
5.0 14.9
4.8 4.7
5.8 15.8
6.0 17.8
6.0 16.5
6.3 17.2

8.3.2 Temperéture Preference

Reutter and Herdendorf (1975, 1976) determined the final preferenda of spot-
tail shiners in a‘horizontal gradient during winter and early spring. Pre-
ferred temperatures were determined over a 3-U4 day observation period and were

found to vary by season, as‘showp below:

Acelimation Preferred

Temperature Temperature Standard

Month . (C) (C) Deviation
FEB | 2.0 7.1 4.0
MAR e 4.5 10.2 2.8
" MAY 13.2. 14.3 1.5

~ Based on fhese ﬁests, Reutter.and Herdendorf (1976) reportea avwintertime_
“final preferendum of 9.0 C (mean of February_and Maréh tests weighted by num- -
ber of fish tested) and a final preferendum of 14.3 during spring. - Meldrim
and Gift (1971) conducted a‘single short-term prefefénce test on spottail‘
shiners (typically 1-4 hours; James J. Gift, personal coﬁmunication) and re-
ported a similar preferred_temperature of 13.9 C for fish acclimatized to 15 c

in early spring (test performed at 6 ppt saiinity).

Although spottail shiners are frequently collected‘in thermal discharges, they

do not appear to congregate in the heated waters (Mabcy 1976; Stauffer et al.
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1976). Tfembly (1960) observed young spottail'shiner fry swimming in water up '
to 35 C in a thermal discharge lagoon qnlthe Delaware River. Stauffer et al.
(1976) collected spottail shiners at temperatureé up to 35 C in a thgrmal out-
fall‘in‘thé New River, Virginia,'ﬁut did not observe a marked preference for
the heated_water. Marcy (1976) reported that‘spottail shiners were present

in the Cohnecticut Yankee Atomic flant (CYAP) discharge canal during all months
-’of the year, but were most»abundantbat a station locatéd on the flats slightly
ubstream_of the discharge canal, an area_bnly slightly affected by the heated
discharge. Marcy (1976) collected spottail shinersvwithin the CYAP canél at

temperatures as high as 39.2 C.

8.4 LOWER THERMAL TOLERANCE LIMITS

Reuttef and Herdendorf (1975) écclimated spottail shiners to temperatures

- 11.1 C above normal Lake Erie émbiént temperatures for 1-24 days, and then
returned thém to ambient lake temperatures to determine the effects of cold
"shock on plume-resident fish; ‘Only U4 of 81 fish tested (i7 separate experi-
ments) died because of sudden decreases to temperatures as iow as 0.0 C (ex-
posure time was unsbecified). An éetual power plant shutdownion Lake Wabamun,
Alberta, resulted in the death of an estimated 258,000 spottail shiners when
plume temperatures decreased from 21.8 to 4.9 C in 30 minutes, and continued

to drop until the discharge canal froze (Ash et al. 1974).
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CHAPTER 9: ATLANTIC STURGEON AND SHORTNOSE STURGEON

9.1 LIFE HISTORY SUMMARY

9.1.1 Atlantic Sturgeon

The Atlantic sturgeon (Acipenser oxyrhynchus) is an anadromous species that

is. distributed along the Atlahtic coast of North America from Labrador to
Florida (Scott and Crossman 1973). Spawning occurs in rivers and estuaries,
and the young remain in these envirohs during their early years before migrat-
ingvto sea where thej grow to maturity. The flesh of thié species is highly
desirable as food and the eggs are marketed as caviar. However,.a serious
declineiin numbers in the United States during the eariy 19008 caused a sharp
reduction in the commercial catch. Scott and Crossman (1973) stated that many
factors affected this decline, including sale of the young, destruction of
yéung (less than 5 1b) that damaged shad nets, decrease ih demand owing to

~ increased priggs,~and the use of newer gear that does not capture this spe-
cies. Curran and Ries (1937) noted that, at about the turn of the century, "a
scourge of 'sturgeon cholera'" was reputed to_have killed a great number of
this speéies. Althpugh the fiéhery in the United States has shown consider- |
able recovery in recent years, yearly catches are only about half as large

as those of the 1880s (Scott and Crossman 1973).

Atlantic sturgeon spawn in the spring. Bigelow and Schroeder (1953) reported .
that iﬁ the Gulf of Maine adult Atlanﬁic sturgeon enter freshwater rivers and
migrate'above tidewater wﬁere they spawn during May and June and perhaps as
late as July. In the Hudson River, mature individuals 10-12 years old have
been_coliected in freshwater portions of the eétuary between Highland and.

Saugerties (RM 76-101) (Greeley 1937). Boyle (1969) stated that adult stur-
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geon enter the HudsonrRiver to spawn from April through June and possibly in
July. In the Delaware River, Atlantic sturgeon were observed spawning in‘the

» upper part of the:river, where'the botton is hard clay,.at temperatures ranging
from 13.3 to 17.8 C during late May (Borodin 1925). Female Atlantic sturgeon
produce 1-2 5 million eggs for each year s spawning. The eggs are heavy and
strongly. adhes1ve, sticking to each other and to the river bed, where they

‘lie in large masses (Dees 1961). Vladykov and Greeley (1963) reported that

eggs hatch in aboutra,week at avtemperaturevof'17.8 c.

Sturgeon young live on their yolk sac until about 20 mm long, then begin to
feed on planktonic crustacea; at a length of 230 mm (9 in ) they become bottom
feeders (Dees‘1961).> Young Atlantic sturgeon remain in freshwater for_several
years before going to’sea (Scott and Crossman 1973) Greeley (1937) reported
collections of 1mmature specimens up to 8 years of age in freshwater portions
- of the Hudson River estuary near Kingston (RM 93) and indicated that the older
individuals would soon migrate to sea, possibly to feed for several years be-

fore returning to the river to spawn.

9.1.2 Shortnose Sturgeon

Distribution ofAthe’shortnose sturgeon (Acipenser brevirostrum) is'restricted
to the.Atlantic_coast:of North America from_the St. John Riyer, New Brunswick,
to the St. Johns Riyer, Florida (Vladykovfand Greeley 1963). Less migratory
‘than the Atlantic sturgeon, it apparently spends:most of its life in large
tidal rivers but has been taken in salt'water (Scott and Crossman 1973).
Greeley (1937) reported’ that the shortnose sturgeon "is apparently a permanent
resident of the freshwater areas" of the Hudson River and further noted that
"there is no evidence that it was ever exceedingly numerous." The U.S; De-

partment of Interior has placed the shortnose sturgeon on its list of endan-
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gered species. Boyce Thompson Institute is currently conducting studies
to evaluate the current status of the shortnose sturgeon population_in the

Hudson River.

Dadswell (1975)’reported that shortnose sturgebn was probably solely én estua-
rine fish and identified a defiﬁite seasonal migratory pattern withiﬁ the St.
‘John estuary, New Brunswick. Shortnose sturgeon overwintered in estﬁarine
lakes and deep saline regions of the lowePFSt. John eétuary characterized by
salinities as“high as 20 ppt and water temperatufes of 4-8 C. 1In late April
the fishlleft the overwintering areasiand conéentrated in thelriver.channelé
to spawn. Ardund mid-June, shortnose sturgeon ﬁoved upstréam and shoreward
into feeding grounds characterized by abundant macrophytes, where they fed
principally on gastropods, By August the shortnose sturgeon had vacated the
channels entirely, and during fall, they returned to the lower estuary where
they remained throughout the winter. Dadswell (1975) further reported that,
during both summer and winter, shortnose sturgeon selected habitats in the
warmest regions available over a salinity range of 1-20 ppt. The highest sum-
mer abundance of shortnose sturgeon was in the midestuary where salinities

averaged 1 ppt.

Scott and Crossman (1973) reported that shértnose éturgeon spawn in the
spring, in the middle reaches of large tidal rivers, from April to early June
depending on location. Greeley (1937) collected both ribe and spent shortnose
Ssturgeon in the lower Hudson River during late April, and primarily caught
spent fish during May. Dadswell (1975) reported that'spawning‘takes place in
the:St. John River, New Brunswick, between 15 May_and 15 June in the main

river channels at temperatures of approximately 10 C. He observed shortnose
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sturgeon choqsing spawhing sites in the upper estuary, adjacent to deep,

"turbulent sections of the river.

Salinity in these areas'was’between 0.5 and 3 ppt. Like other sturgeon, the

shortnose  have demersal, adhesive eggs (Vladykov and Greeley 1963).‘

in_the Hudson'River, male shortnose sfurgeén have been reported to mature»at

.a size of about 52 em (20 in.) in their fifth year, and females.at aBoUi 56 cm
(24 ih.) in their sixth year (Vladykov and Greelej 1963). Dadswell (1975) re-
pénted that shortnose‘in the Sﬁ. John River appeared to mature at a similar |
sizé, but at 7-10 years of aéew"Hevfurther stated that énce mature; female
shortnose ripen slowly. Tﬁé minimum time necessary fofveach spawning period
in the St. John River was 3 years aftef the first or subsequéntispawnings

(Dadswell 1975).

9.2 TEMPERATURE REQUIREMENTS

To date, the temperature tolerances and requirements of the Atlantic and

shortnose sturgeons have not been studied.
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CHAPTER 10:‘ BAY ANCHOVY

10;1' LIFE HISTORY SUMMARY -

"

The bay anchovy (Anahoa,mitchelli) is a small, euryhaline, achooiing fish
that occurs in estuaries and coastal waters of North America from Maine to
Yucatan, Mexico (Mansueti and Hardy f967).' Juveniies and adults are found in
all types of anvironments: muddy coves, grassy areas, bayous, off 'sandy -
beaches, and in deep offshore waters (Dovel 1971). Thomson et ai '(1971) re-

ported that the bay anchovy is probably a year-round re51dent in Long Island

Sound, exhibiting seasonal onshore-offshore movements. Hlldebrand and

Schroeder (1928) similarly reported that bay anchovy remain in the Chesa-
peake Bay throughout the'year, concentrating in deeper water during colder

months. The life span of the bay anchovy is about 2 years (Stevenson 1958).

Individuals may spawn when 2.5 and 3 months old (Hildebrand and Cable 1930),

although the majority of spawners are yearlings or older (Stevenson 1958).

Bay anchovy spawn primarily in éoastal harbora and bays, and in the mouths of
estuaries (Perlmutter 1939; Stevenson 1958; Dovel 1971; Texas Instruments
1976); they have also been observed spawning along the outer banks near
Beaufort, North Carolina (Kuntz 1914). In Long Island Sound, the spawning
season was reported by Perlmutter (1939) to extend from May through August,
reaching a peak in late July. Dovel (1971) reported a similar spawning peak
in late July in the Chesapeake Bay, and collected eggs as early as 22 April
and as late as 27 September. Dovel_(1971) observed that most ‘spawning oc-
curred at temperatures eitending from 20 C to maximum summer tempefatures‘and

salinities of 13-15 ppt, although some eggs were collected at salinities as

low as 1 ppt. Perlmutter (1939) found eggs in Long Island Sound at tempera-

tures ranging from 12.2 to 26.7 C, and Texas Instruments (1976) collected eggs
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in the lower Hudson River estuary'(RM 14-33) at temperatures.ranging from 25.
to 27.3 C. Bay anchovy eggs are buoyant when newly spawned, apparently be-
comlng ‘demersal with advanc1ng development ‘and hatch in 24 hours at 27 .2-

27.8 C (Kuntz 1914).

After hatohing, bay anchovy larvae move upstream into lower'salinity nursery
'areas, and continue thls upstream and shoreward movement as. Juvenlles (Dovel
- 1971; Texas Instruments 1976). Although Juvenlles have been reported to as-
oénd rivers at least 40 mi above brackish‘water (Massman 1954), the majority
of bay anchovy juveniles hemain in.waters with salinities ranginé from 3 to 7
| ppt. Dovel (i971) and Texas Instruments (1976) observed that young bay an-
ohovy appeared to move upstream with increased'saltwater intrusion-and con-
centrate withiﬁ»preferred»low-salinity regimes. Dovel (1971) reportedvthat
88'percent of all lahvae and.juvehiles'collected in_the Chesapeake Bay (1963-.
1967) wereptaken in water temperatures.from 23 to 27 C, and some were found
at temperatures up to 31 C. Smith (1971) collected juveniles in tidal.thibu—
taries of‘the Delaware River estuary at temperatures as high as 32.5 C. Ju-
veniles move offshore and downstream as waters cool in fall (Stevenson 1958;
Dovel 1971; Smith 1971; Texas Instruments 1976). Texas Instruments (1976)
also observed that adults remained in the lower Hudson River estuary until

fall, occurring most abundantly in the more saline reglons

- 10.2 TEMPERATURE REQUIREMENTS FOR EARLY DEVELOPMENT

"Houde (1974).heared bay anchovy larvae at fodr constant temperatures hanging
~ from 24 to 32 C and at salinltles from 31 to 35 ppt for T days follow1ng

hatch. The highest growth rate was observed at 32 C when feedlng began after
hatching, with 1arvae increasing from 2.9 to 8.16 mm in 7_days._ Houde (1974)

fuhthervconcluded that larvae reared at the higher temperatures required food
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much sooner than those reared at lower temperatures. Larvae reared at 24 C
_could survi&e if fed 40.hoﬁrs after hatching, whereas larvae reared at 32 C
required food within 16 hours. -These'reeults indicate that the optimum tem-
perature fer early development ranges‘to at least 32 C when adequate amounts

of food are available.

10.3 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

10.3.1 Temperature Avoidance

Upper aQoidance temperatﬁres of bay anchovy adults have been defermined by
Meldrim et al. (1974) and Wyllie et al. (1976), as summarized in Figure 10-1.
Similar results were reported in both studies, with avoidance temperatures
ranging from 24 to 32AC for fish ecclimated to river temperatures of 15-27 C.
Bay ancﬁovy adults were observed avoiding temperatures 3-14.2 C above ambient
river temperatures. Wyllie et.al.'(1976) tested adults acclimated to 10 C,
but were uhable to determine the upper avoidance temperature due to low ther-
mal responsiveness, indicating that at these low acclimation temperatures bay '
anchovy are unable to avoid stressful temperatures under laboratqry testing

conditions.

10.3.2 Temperature Preference

Several short-term preference experiments were conducted By Meldrim and Gift
(1971) and Wyllie et al. (1976), as summarized in Figere 10-2. Preferred tem-
.peratures ranged from 15.6>to 30.0 C for fisﬁ acclimated to river temperatures
of 10-22 C; temperatures higher than river ambient were typically preferred.
Wyllie et al. (1976) reported that bay anchovy often did not appear to prefer
a single temperature, but chose a broad range of preferred temperatures

(Figure 10-2).
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‘Gallaway and Strawn.(1974> studied the.distribution of bay anchovies in a
hotwatér discharge in Galveston Bay, Texas, and found that they preferred
water temperatﬁres between 24.5 and 32.5 C. Although bay anchovies were colf'

flected at temperatures as high as 37 C, they were never abundant in waters

'with‘temperatures gréater than 33 C.:

’10."» LOWER THERMAL’TOLERANCE LIMITS

Wyilie et al. (1976) conducted cold shock experiments on bay anchovies
(35-90 mm) acclimated to 15 and 20 C at 26-27.5 ppt salinity. The results

are shown below:

Acclimation Test o ' Time From
Temperature Temperature Percent - Start of Test
—_(© ' (C) Mortality (Hours)
20 : 20 (control) 0 168 _
20 15 , ' 0 ‘ 168 - :
20 10 60 168
20 ‘ 5 . - 100 ' 7 1
15 15 (control) . 20 168
15 o 10 : 4o 120
15 T 80 144

15 ' 5 : 100 46

A suddeﬁ decreaée in temperature from 15-20 C tb 10 C resuited in increased
‘mortality compéred to-contféls. Complete mortality was observed in both tests
folloﬁing a drop in temperatUre to 5 C. These results indicate that the bay’
anchovy is relatively intolerant to cold temperatures, which probably explains
its migration into‘the deeper; warmer waters_of the loﬁer portions of estu-

éries énd bays durihg‘the fall months.
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‘CHAPTER 11: WEAKFISH

11.1 LIFE HISTORY SUMMARY

' The weakfish (Cynoscion regalis) is a marine species occurring along the At-

lanﬁic coast of the United States from Massachusetts Bay to eastern Florida,
and is an important sporﬁvand commercial species in the middle Atlantic area,
ineluding Néw York coéstal waters (Perlmutter et al. 1956). The adults gener-
ally femain near thé coast in shallow waters along opeﬁ sandy shores and in
the largér bays and estuaries (Welsh and Bfedér 1924; Bigelow and Schroeder

1953).

On the‘middle Atlantic coast, weakfish spawn primarily in larger estuaries or
near their mouths during late spring and summer (Bigelow and Schroeder 1953).
Weakfish eggs have been collected at temperatures ranging from 15.5 to 26.5 C
and at salinities of 12.1-31.3 ppt (Welsh and Breder 1924; Harmic 1958). The
period of incubation at water temperatures of 20-21 C is 36-40 hours (Welsh

and Breder 1924)._ Thomas (1971) stated that, in the Delaware River estuary,
newly hatched lérvae sink'to the bottom anq are transported to upstfeam nurs-
ery areas by subsurface tidal flow, where they remain during the warmer summér ‘
and fall months; most young-of-the-year weakfish had left the Delaware River

by iate fall when temperatures dfopped below 8 C. In the Hudson River estuaby,
young weakfish similarly move upstream from coastal spawning areas near the
mouth of the estuary into the brackish pbrtion of the estuary where they remain

until temperatures decrease during late fall (Texas Instruments 1976).

11.2 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOR

Although no thermal tolerance limits for weakfish have been reported in the

literature, extensive behavioral studies have been conducted on preference and
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avoidance responses to temperatune.' A continuation of the Meldnim et al.
(197“) study has produced results for 60 séparate nvoidance expériments on
Jjuvenile weakfish over a salinity rnnge from 3.5 to 10.5 ppt, and an acclima-
tization temperature range from 16 to 31 C (Public Service Electric and Gas’
Cbmpany, personal communication). The avoidance temperature was characteris~
fically related to acclimatization.températnre, and .typically ranged from 3 to
h7'C above summer ambient river'témpératurés. Results of 31 short-term prefer- -
ence tests conducted over similar salinities and acclimétization‘tempefatures
‘indicated that weakfish exhibited an inifial préference résponse,rénging from
20 to 29 C. Results of these short-term tests conducted at high acclimatiza—»
tion temperatures closély agréed_with'thevfinal preferendum (6~day test) of
:weakfish, 26.7 C, tested at 28 ppt salinity'by Wyllie et al. (1976), as shown

in Figure 1i1-1.
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'CHAPTER 12: OPOSSUM SHRIMP

12.1 'LIFE HISTORY SUMMARY

The opossum shrimp (Neomysis americana) is the most common mysid inhabiting

‘the northeastern estuéries and inshore coastal waters of the United States
(Hopkins 1958) and is the most abundant mysid in the westérn North Atlantic
Ocean. It is strictly a North American species, and'rénges from the Gulf of
‘St. Lawrence to northeastern Florida (Williams et al. 1974). The opossum
_shrimp is a sHallow watef sbecies most commonly reborted from the intertidal
zone to depths of 60 m (Wigley and Burns 1971). During the day, opossum
shrimp are primarily distributed in the bottom water strata (Herman 1963);
.however; at night they migrate toward the surface (Hulbert 1957; Herman 1963;

Ginn 1977), often exhibiting a midnight sinking and a dawn rise (Herman 1963).

Light intensity has been found to be the most important éingle factor control-
ling this diel vertical migration, although migration patterns may be modified
slightly by peak summéf temperatures.. Hermah (1963) observed that opossum
shrimp ascended normally as light levels decreased during July and August, but
then returned to lower, cooler levels when the light disappeared. He also.
reported that mature opossum shrimp migrated only during the spawning season,

whereas'immature and young forms migrated throughout most of the year.

In a Hudson River survéy from the upper bay»of New York Harbor to Poughkeepsie,
Hopkins (unpublished) collected opossum shrimp in a wide range of salinities
from less than 1 ppt to 25 ppt, and at temperatures ranging from 6.5 to 31 C.
In the Bowline Point vicinity of the Hudson River (river mile 38), opossum
shrimp have been colleétéd‘at surface salinities of 0.4 ppt (corresponding

to a bottom salinity of 1.5 ppt) while they were totally absent at levels
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~ less than 0.2 ppt (Orange and Rockland Utilities 1977). The occurrence of

the opossum shrimp at_IndiahtPoint (river mile 42) also coincides with summer

~ salt intrusions (Howells et al. 1971; Ginn 1977), with peak abundances occur-

ring at sallnltles greater than 3-4 ppt (New York Unlver51ty Medical Center

1973, Lauer et al. 1974) Hulbert (1957) reported that the upstream penetration

of opossum shrlmp into the Delaware River estuary was limited by roughly 4 ppt

sallnlty

At Indian Riuer Inlet, Delaware, the spawning period of opossum»shrimp ex-
tends from sprihg,through fall, though females with eggs or larvae have been
caught every month of the year (Hopkins 1958). Hopkins (1965) reported.three
uajor brood'releases: April-May,‘June, and August. Similar spauning seasons
have been reported by Wigley'and Burns (j971)lfor the<Georges Bank stocks and
by Hulburt'(1957> for the Delaware River estuary. - Increased numbers of young
collected at Indlan P01nt in the Hudson River estuary from August to October
(Ginn 1977) 1ndlcate that spawning periods in the Hudson River are probably

similar to those repOrted by Hopkins (1958).

12.2 UPPER THERMAL TOLERANCE LIMITS

Mihursky and Kennedy (1967a) reported that the opossum shrimp was the least

temperature-tolerant species among seven common estuarine invertebrates tested

at an acclimation temperature of 15-16 C. The 2U-hour TL50s for opossum

shrlmp ranged from 15 to 34 C, depending on accllmatlon temperature (Mlhursky.

and Kennedy 1967b) as shown below:
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Acclimation

Temperature (Tg)¥*.

(©)

1-3
5
10
15
25
30

¥ Salinity not defined

" 24-Hour

TL50

(c)

15-19
©21

- 20-22
- 24-28

28-30

32-34

TL50
minus Ty

(C)

14-16
10-12
9-13

2-4

A comparison between 24-hour TL50s for N. americana and Crangon septemspinosa

reveals that, at higher acclimation temperatures, E.'americana is slightly

more tolerant than C. septemspinosa. Similar tolerance limits were reported

by New York University Medical Center (1973) for short-term exposures conducted

to assess Hudson River power plant entrainment impact. ' The 5- and 30-minute

TL50s were 34 and 33 C; respectively, for shrimp acclimate& to ambient river

temperatures ranging from 24.2 to 25.7 C; TL95s were 32.5 and 31.7 C for 5-

and 30-minute exposures, respectively.
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CHAPTER 13: SAND SHRIMP

"13.1 LIFE HISTORY SUMMARY

The sand shbimp (Crangon séptemspinosa) is a common inhabitant of estuafies

- and nearShébe coastal waters and has been collected along the nofthweétern
Atlantic from Newfoundland to eastern Florida (?rice 1962; Williams 1965).
They are'nofmally fouﬁd near the bottom in waters rangiﬁg from 4.4 to 32.3 ppt
salinity and.at temperatures ranging from 0.0 to 26.0 C (Price 1962; Sandifer
1972; Embich 1973; Haefner 1973). The larvae have beén reported to be pelagic
during early stages of fheir existence (Sage and Herman 1972). ' Field céllec—
tions in the Hudson River from thé upper bay of New York Harbof to Poﬁghkeepsie
revealed that both larval and mature sand shriﬁp were common in the Hudson
River, but never abundant (Hopkins, unpublished).( The occurrence of the sand
shrimp in the Hudson.River near the Indién Point Nueclear denerating Station
coincides closely with fluctuations of the saltwater intrusions into the

area (New York ﬁniversity Medical Center 1974).

Sand shrimp become sexually matufe shortly after their first year and appar-
ently live to a maximum of 2-3.5 years (Price 1962; Embich 1973). In the
shore zone of the Delaware Bay, Price (1962) reported that the spawning seasbn
extended from March to October, with ovigerous.females appearing year-round,
except in December, at temperatures ranging from 0.0 to 25.0 C. The percent
of females bearing éggs was highest in May and mideuly (39 and 56 percent,
‘respectively); however, the largef egg masses carried in May actually repre-
sented a higher indéx of population production, resulting in a spring spawning
peak (Price 1962). Haefner (1976) reported a‘single exﬁended spawning season

from November through June in the southern Chesapeake Bay area, whereas Cowles
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N

_(1930)‘found ovigerous females during all seasons of the year, with lowest

(SN

incidences during summer.

Reproduction and early development of the sand shrimp appear to be,limited to
ﬁigher salinity areas within’estuaries; Price (1962) observed ﬁhat‘beﬁried
females were col1ected at salinities of 17.7-29.3 ppt, whereas 6ther adulte
were coliected at salinities banging from 4.4 to 31.4 ppt. Regnault and |
Costlow (1970) were not able’te rear sand shrimp larvae in the laboratory at
salinities of 10 and 15 ppt for morelthah 24 hours,‘and at 35 ppt, most lafvae
died before the‘first molf. Salinities from 20_to 30 ppt wefe optimalifor
larvel eurvivel and development (Regnault and Costlow 1970). In other stud-

' ies, sand ehrimp larvae have been cqllected from estuarine areasvat.salinities.

as low as 4-8 ppt during low tide (Embich 1973).

Haefner (1976) reported thet-sand shrimp in the York River (Chesépeake Bay) -

- appear to migrate to deeper areas within estuaries as water temperatures
decreese below 15 C. Maximum concentraﬁions oceurred in the channel when botf
vtem temperatures'were Between 5 and 11 C. Shrimp were restricted to tbe more |
ealine reachesbof the estuary as>temperatures fell below 5 C. As temperatures
warmed above 10 C in the spring, migraﬁion to shallowef waters was observed
‘(Haefher'19765. ‘Embich'(1973) similarly reported that, in the Penobseot River

region of the Gulf of Maine, sand shrimp_responded to seasonal rising and

falling.temperatures with inshore and offshore migrations.

13.2 UPPER THERMAL TOLERANCE LIMITS

Sand'shrimp are'relatively temperature sensitive compared to other estuarine
iﬁvertebrate organisms common to coastal areas>of'the northeastern United

States (Mihursky and Kennedy 1967a). The 2U-hour TLSOs for the sand shrimp
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ranged from 28 po 31 C; only slight increases in the TL50s with increasing

acclimation temperature were exhibited (Mihursky and Kennedy 1967b); as shown

below:
Acclimation . 2U4-Hour . TL50
Temperature (T,)# . TL50 ' : minus Ty
e ot ()
15 28 : 13
20 ' - 27-28 , 7-8
25 . 29-30 4.5

30 3 1
* Salinity was not defined.

Sand shrimp acclimated to temberatures fanging from 10.2 to 15 C tolerated a
temperaturé increase at the rate of 1 C per 5 minutes until températures
approached 30 C (Huntsman and Sparks 1924). Irregular respiratory movements
were observed at temperatures ranging from 29 to 30.4 ¢C, and death occurred at

temperatures ranging from 30lto 32.5 C.

13.3 OPTIMUM TEMPERATURE FOR PHYSIOLOGICAL FUNCTIONS

Regnault and Costlow (1970) reported that sand shrimp larvae rearéd at a con-
stant temperature of 25 C and a 24-hour cyclic temperature of 25-30 C did not
suriive beyond 24 hours.‘ Survival was enhanced by higher salinities when
reared at a diurnal temperature cycle ranging from 20 to 25 C; survival at 20
ppt salinity was 6 percent, whereas survival at 30 ppt was 26 percent. A tem-
perature of about 20 C waS judgéa to be optimal for larval dévelopment and

survival.

Results of 96-hour>temperature-salinity tolerance studies conducted by Haefner
(1969) on adult sand Shrimp indicated that mortality was consistently higher

at 23 C than at 4 and 15 C for all salinities ﬁeéted (ranging from 5 to 40
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ppt). LoWeSt‘mortality occurred at 35 ppt and 15 C. In similar studies .

ihvestigating the effect of low dissolved oxygen concentrations (2-3 mg/l) on
the temperature;sélinity tolerance of the sand shrimp, Haefner (1970) observed
a noticeable shift of the tolerance zonés toward lower temperatufes and higher

salinities after a reduction in oxygen concentration.

bThe growth rate of the sand shrimp in Rhode Islaﬁd waters was found to be
directiy'ppoportional to water temperature (Wilcox and Jeffries 1973). For
individuals 20430 mm long, growth was less than d.u mm per week during the
winter (average water temperature of 5 C) and greatef than 1.1 mm per week
during the summer (20 C). These findings differ with the'observations of |
Price (1962), who noted that the growth of shrimp in the Delaware Bay was 0.4
mm per week for both winter and summer‘(0f27 C temperature range).-‘Price

. (1962) speculated thét, since the sand shrimp is arcold water species and ﬁhe
Deléware Bay region is near the southern limit of its range, the expected in~-
' crease in growth rates with higher temperatures may be reduced by possible
increased eﬁergy demaﬁds of reproduction, and by the high metabolic demands of

a species that is generally adaptéd to low temperatures.
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CHAPTER 14: GAMMARUS SPP.

14.1 LIFE HISTORY SUMMARY

Three species of gammarid amphipods found along the Atlantic coast of North
America have been reported to inhabit the Hudson River estuary: Gammarus

fasciatus, G. tigrinus, and G. daiberi (Ginn 1977; Ristich et al. 1977). G.

fasciatus is a freshwater species found in coastal drainages from Cape Cod andv
southern New England south to tributaries of the Chesapeake Bay, in lakes and |
rivers.of.the St. Lawrénce River system (Bousfield 1958, 1973), and in the
Great Lakes (Clemens 1950). G. daiberi ranges froﬁ the Hudson River to South
Carolina. G. tigrinus ranges from southern Labrador south to Chesapeake Bay,
although it is found intermittently in coastal areas south to Florida (Bous-

field 1973).

The distribution of the three species of Gammarus that occur in the Hudson
River varies with salinify and depth. G. fasciatus is a freshwater species
generally confined foAupriver portions of the Hudson River estuary (Ginn 1977)
>but can occur at salinities up to 3 pét (Bousfield 1973). G. daiberi is the
most abundant amphipod in the Hudson River (Ginn 1977), and oceurs at salini-
“ties ub to 20 ppt, with greatest abundance between 0 and 5 ppt (Feele& and
Wass 1971). G. tigrinus was the least abundant amphipod collected by Ginn
(1977) in the Hudson River estuary, and has been reported to occur at salini=
ties ranging from 1 to 25 ppt (Bousfield 1973). Although each species has
been.observed to have bﬁth a benthic and a pelagic‘existence, G. daiberi is
largely pelagic, G. fasciatus‘is benthié and semipelagic, and G. tigrinus is

essentially benthic (Bousfield 1973). Gammarus spp. are generally more abun-
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dant in the water column during the night than during the day (Orange and

Rockland Utilities 1977).

All three species of Hudson River Gammarus comsleﬁe their life cycle in a single
year (Steele and_Steele 1972; Bousfield 1973). The breeding season, as indi-
cated by the occurrence of ovigerous females and the appearance of young, ex-
tends from early spring into fall (Embody 1912 Clemens 1950; Bousfleld 1973)
Females of eaeh specles are potentially capable of producing -8everal broods dur-

;ng this breeding season (Embody 1912; Clemens 1950; Bdusfield 1973; Ginn 1977).

 Based envfield studies conducted on LakedErie, Clemens (1950) reported col-

v lectisg g.,fasciaﬁus feﬁales bearing eggs during ﬁhe-early spring-at<tempera4 '
tures as low as 4 C and at 10 C in the fall. The‘period of incubation, as
determined from the day of 6vulatios to the day whenithe young were released
from the broodrpouch,brahgeddfrom 7 days at 24 C to 22 days at 15 C. The
average interval between molts of G. fasciatus from the first to the seventh

molt was dependent on temperature, as shown below:

Average Interval

: Temperature : Between Molts
N ' (c)y = (days)
' 25 - 3.1-5.7
21 h.7-11.7
18 6.3-11.4
14-22 6.2-13.3

In the laboratory, Clemens (1950)vdetermined that G. fasciatus required u2—53 _
days to reach maturity at 21 C, and 66-85 days at temperatures varying from 14

to 22 C.
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14.2 UPPER THERMAL TOLERANCE LIMITS

14.2.1 Incipient Lethal Temperatures

Temperature tolerance.limits reported for G. fasciatus and Gammarus sSpp. (g.
daiberi andvg. tigrinus) vary oﬁly slightly over the range of ambient temper-
Aatures investigated. The 2U- and 48-hour TL50 values ranged from 30.5 C for
g; fasciatus acclimated to 10-15 C, to 33 C for Gammarus'spp._acclimated to

:25 C, as shown below:

Acclimation Exposure

_ Temperature Time TL50 :
Species - (C) (hours) (C) Reference
G. fasciatus 10 24 30-31 (30.5) Mihursky and
Kennedy (1967)
G. fasciatus 15 24 - 31-32 (31.5) Mihursky and
. Kennedy (1967)
Gammarus spp. 25 48 33 - NYU (1973),
' o : Ginn et al.
(1974) - |

A 17-day exposure of Gammarus spp- (G. daiberi and G. tiérinus) to a 15.6 C
elevation above ambient (10 C).produced no mortality and actually stimulated
reproductivevactivities during November ahd December when ovigerous females
were not normally observed in the river (Ginn et al. 1976; Ginn 5977). Sprague
(1963) reported that female G. fasciatus were more resistant to elevated
temperatures than were males when acclimated to 10 C, but this difference was
small at a éO C acclimatioﬁ temperature.. He further reported that resietance
times decreased with increasing size. Based oh thermal tolerance tests per-
formed at 10 and 20 C acelimation temperature, Sprague (1963) estimated the

ultimate U48-hour TL50 for G. fasciatus as 33.0 C.
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14.2.2 Thermal Tolerance to Entrainment Exposure--Laboratory Studies

Thé tolerance of Gammaruslspp. (g. daiberi-énd G. tigrinus)'éxposed to short-
term temperatgre elevations has been investigated for Hudson River species |
with respect to the effects of power plant entrainment. New York University
Medical Center (1973) determined thermal tolerance limits for 5-, 30~, and
B 60-minute exposure periods in the laboratory. Test organisms acdlimatized to

- 2.5-20.0 C were examined for viability 1 hour after thermal exposure; organ-

- isms acclimatized to 25.5 C were held at ambient temperature in the laboratory

for examination 24 hours after thermal tolerance tests.” Thermal tolerance

limits wefe'directly related to acclimatization temperatures, as shown below:

Acclimatization 5-Minute 30-Minute . 60-Minute
Temperature Exposure (C) Exposure (C) -  Exposure (C)
(c) - TL95 TL50 - TL95 TL50 TL95 TL50

2.5 o - - 25.5 27.5 . - -

11.0 ' 30.5 33.0 29.0 31.0 28.0 30.0

20.0 34.0 - 35.5 33.5 34.7 33.0 34.3

25.5 - 38.0 - 38.7 37.2 37.8 36.0 36.8

Ginn et al. (1976) reported results for similar eiperiments, but made latent

effects observations over a longer period of time following exposure. He re-

ported that

Gammarus spp. experienced no increased latent mortalities for periods up

to 10 days after being exposed to an 8.3 C delta-T above an ambient
temperature of 25.5 C for periods up to 60 minutes. An 11.1 C delta-

T above an ambient temperature of 26.5 C resulted in significant reductions
'in survival in groups of Gammarus spp. exposed for 30 and 60 minutes.

No significant mortalities were observed, however, following a S-minute
exposure to the 11.1 C delta-T. At an ambient temperature of 11.7 c,
Gammarus spp. exposed to 16.7 C delta-Ts for periods up to 180 minutes
displayed no increased mortalities 10 days after exposure.
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Ginn et al. (1976) additionally noted that

'reproductive activities were not affected by up to 60-minute exposures
of mature Gammarus spp. to an 8.3 C delta-T at an ambient temperature
~of 26.0 C. The same exposure also did not affect the release of young
- by ovigerous female Gammarus spp. An 11.0 C delta-T for 30 minutes:
resulted, however, in almost no release of young from ovigerous females.
Burton et al. (1976) found that Gammarus spp. from the Patuxent River,
Maryland, were not affected by temperature exposures simulating entrainment
through a steam-electric generating station. Gammarus spp. acclimated to 5,
15, and 25 C were exposed to a rapid 5 C increase above ambient, held for U4
minutes at the elevated temperature, and then cooled to the ambient river

temperature over a 15-minute period. No immediate or latent mortality (up to

24 hours after exposure) was observed.

14.2.3 Thermal Tolerance to Entrainment Exposure--Field Studies

Actual plume transit studies conducted at the Indian Point Power Station in
the Hudson River indicated that Gammarus spp. could tolerate entrainment in
the discharge plume without adverse effects; Differences in survival between
control and experimental organisms were not observed 5 days following plume
exposure when discharge temperatures were 32.1 and 33.0 C (when ambient tem—

peratures were 24 and 25.8 C, respectively) (Lanza et al. 1974).

14.3 TEMPERATURE AS A FACTOR DETERMINING BEHAVIOh

Ginn'(1977) conducted temperaﬁure avoidance tests by observing tne distribu-
tion of g.'daiberi for 60_minutes in a thermal gradient with a maximum tem-
, peraﬁure of 33.7 C and a minimum temperature of 26.4-26.6 C (ambient). He
reported that.g; daiberi exhibited partial avoidance to.29.9 C and nearly

complete avoidance to'temperatures exceeding 31.7 C (delta-T = 5.3 C). At
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lower ambient temperatures (15.3-15.7 C), G. daiberi did not exhibit any avoid-
ance response to a temperature of 22.8 C (delta—T = T.1C),. the highest tem-

perature‘aVailable.in the’gradient»during the test.
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