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Abstract

Governmental water quality agencies are faced with identifying water quality goals to protect
aquatic biota, applying the best available science in development of water quality standards and
associated management principles, implementing water quality laws so that there is consistency with
goals, developing guidance documents for applying science to law, monitoring, and enforcement.
Deviations in this path from goals to standards to enforcement, however, are common across countries

as well as among States within the United States and can result in failure to protect the aquatic biota.

The Clean Water Act (CWA) is the key US law for water quality protection. Its goal is to ‘restore
and maintain the chemical, physical, and biological integrity of the Nation’s waters’ and to fully
protect the most sensitive beneficial uses. The US Environmental Protection Agency (EPA) Gold
Book guidance for development of protective water temperature standards, dating from 1973, still
recommends the use of MWAT (Maximum Weekly Average Temperature) as an index for assigning
protective chronic temperature standards to coldwater fisheries. MWAT, applied according to EPA
guidance, is typically used in conjunction with an acute upper limit. Unfortunately, MWAT is a
criterion that is not protective, as can be shown by reference to several case studies on salmonids.
Use of MWAT at a basin scale can result in considerable reduction in available salmonid rearing area
and can, in many cases, be little better than recommending the upper incipient lethal temperature
as a standard. Although MWAT is not used by many US States in standards, it is problematic in
that it is cited as the official EPA model for a protective standard. The conceptual use of MWAT
highlights some critical problems in application of the Clean Water Act and its associated federal
regulations for protection of coldwater fishes, such as the concepts of full protection, protection of the

most sensitive species, restoration of water quality, and support of species’ viability at a basin scale.

Full implementation of the CWA in support of salmonids’ thermal requirements has been patchy,
with some States taking criteria development, monitoring, listing, and TMDL (Total Maximum
Daily Load) development seriously and others virtually ignoring the problem. In addition, Section
316 of the CWA conflicts with the basic goals of the CWA by giving deference to the thermoelectric
power industry to discharge heated effluent under a process where variances granted supersede

water quality-based limits. This is exacerbated by EPA 316 guidance permitting evaluation
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of biological trends amidst shifting or uncertain baselines in a limited set of RIS (Representative

Important Species), rather than application of best available science to protect both the most

sensitive species and the entire aquatic community that is reflective of high quality habitat

conditions. Designing water temperature standards to be fully protective and supportive of species

viability (abundance, productivity, spatial structure, and diversity) benefits from application

of concepts of optimum growth and survival temperatures distributed at a basin scale with

reference to the natural thermal potential along a river continuum. Some notable successes in

standards development found in the US Pacific Northwest are offered as future national models.

Keywords: Water temperature; US Clean Water Act; salmonids; maximum weekly average temperature;

thermal effects; chronic temperature; balanced indigenous community; natural thermal potential; incipient

lethal; growth optimum; distribution limit; productivity.

Introduction

The US Clean Water Act (CWA*), enacted in 1972, is the
cornerstone of surface water quality protection in the
United States.

established a water quality directive for members of

The European Commission (2000) has

the European Union with similar, ambitious goals for
protection and restoration of good water quality status.
Given the shared technical problems in setting meaningful
standards and translating laws into effective tools for
protecting aquatic communities, it is worth evaluating
in detail some critical flaws in the Clean Water Act and
its technical interpretation by the US Environmental
Protection Agency (EPA), as well as individual US States,
that thwart realisation of its goals. This review, hopefully,
can lead to construction of more consistent and effective
laws, technical guidance, and more technically defensible
standards by US States.

Over the course of development and modification of
the Clean Water Act, different perspectives on required
levels of protection of aquatic resources and appropriate
methodology for monitoring or indexing the water quality
have emerged in different sections of the law and guidance
documents. For example, “full protection” of the designated
beneficial use and protection of the most sensitive use,

where there are multiple uses, is required, but in Sections

* See Glossary on pp. 198-199.
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316(a) and 316(b), the use of Representative Important
Species (RIS) is suggested as a means to monitor only
a portion of the full community as an expression of the
whole (EPA, 19773, b). Also, the CWA states that provisions
in Section 316 (the section of the Act relating to thermal
discharges) take precedence over other requirements of
the CWA (Code of Federal Regulations: 40 CFR §131)
and even antidegradation policy (provisions to preserve
and protect the existing designated uses and to minimise
degradation) must be consistent with Section 316 (40
CFR §131.12). Since the early days of the CWA, States
have given and renewed variances for heated discharge
from power plants with scant consideration for long-term
shifts in full aquatic diversity and species composition
(Baum, 2004), despite the fact that control of point-source,
and not non-point source, thermal pollution remains the
key regulatory tool with strong permitting authority
available to protect aquatic life. The CWA specifically
leaves water quantity allocation to State authority
(United States Code: 33 USC § 1251), although the linkage
between water temperature compliance and streamflow
is critical. It seems evident that different parts of the
law have been interpreted in divergent ways that have
become distanced from the original intent and, in many
cases, technical conflicts and inconsistencies are built
into the law. Advances in scientific understanding of
species thermal ecology and aquatic community ecology,

and development of sensitive community monitoring
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methodologies, suggest that better means are available
to avoid the chronic and cumulative effects of thermal
and other water quality impairments, and that greater
clarity can be brought to future revisions of the CWA.
The current EPA national guidance (EPA, 2006) for
water temperature still defaults to the EPA ‘Gold Book’
(EPA, 1986). This guidance originated from a National
Academy of Sciences (NAS) methodology (EPA, 1973) for
acute, time-dependent exposures and maximum weekly
average temperatures (MWAT) for various seasons,
including the growth (summer) and reproductive (spring
and fall) periods, adjusted to local conditions for chronic
exposure. This guidance was later repeated in the Red
Book (EPA, 1976) and then the Gold Book (EPA, 1986).
The MWAT index for temperatures providing protection
against chronic thermal stress was derived from biological
criteria (growth optimum and ultimate upper incipient
lethal temperature). However, this index was then to be
monitored in the field as a physical MWAT. Given thatitis
an average temperature, it is different physically from the
growth optimum, which is an instantaneous or maximum
temperature. Despite evidence available after release of
the NAS methodology that this method incorporated
substantial biological flaws, it has remained as a US model
for protective temperature standards. I am aware of no
sdientific justification of its merits in protecting aquatic biota.
The overall purpose of this review is to examine some
selected critical weaknesses in the technical guidance
on temperature standards associated with the US Clean
Water Act that thwart efforts to meet the intent of this
law. 1t is hoped that this process will reveal how more
effective biologically- and physically-based criteria can
be built into temperature standards to protect the most
sensitive species, as well as aquatic communities, on a
watershed spatial scale. Objectives of this paper are to:
1. view a case history on point-source heat discharge
in the Connecticut River as a means of illustrating
the technical problems set up by old EPA technical
guidance documents;
2. view several case histories illustrating why the EPA’s
Gold Book technical guidance for use of MWAT is
inadequate for providing full protection; and
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3. recommend methods to fully protect beneficial uses
that are more reliable than those provided by using
either MWAT or Representative Important Species
and are less likely to result in increases in basin
temperature distribution via uncontrolled cumulative
effects.

Evaluation of a case history of
water quality protection on the
Connecticut River

The Connecticut River (mainstem and tributaries) is a
good test case for demonstrating the regulatory problems
in achieving recovery of coldwater fish. It is a large river
system (29 100 km? and 655 km in length), spanning
four States — Vermont (VT), New Hampshire (NH),
Massachusetts (MA) and Connecticut (CT) (Jackson et
al,, 2005) — and once supported large runs of Atlantic
salmon (Salmo salar), estimated to number at least 109 000
to 181 000 returning adults (NOAA & USFWS, 1999; Fay
et al,, 2006) based on the proportion of total US historical
habitat found in the Connecticut River and estimated
total US adult returns. This run comprised the southern
boundary of the North American distribution of the
species (Juanes et al.,, 2004), based on the location of the
river mouth, with the historical distribution within the
river itself spanning nearly 615 km of mainstem length
from the mouth at Old Saybrook, CT to Beechers Falls,
VT (Gephard & McMenamy, 2004). In 1798 this run was
extirpated due to construction of a dam at Turners Falls,
CT. However, eradication of the native Atlantic salmon
run had been initiated with overfishing and large-scale
habitat destruction, sedimentation, and extensive mill
dam construction on tributaries (Gephard & McMenamy,
2004). Habitat degradation of the Connecticut River
watershed has also been documented extensively for its
significant impairment to brook trout (Salvelinus fontinalis)
viability (EBTJV, 2006). Factors attributed to the decline of
brook trout in the four States (VT, NH, MA, and CT) are
high water temperatures, riparian habitat modification,
sedimentation, dam inundation, and introduction of
(EBTJV, 2006). Although  water

exotic  species
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temperatures in the mid-Connecticut River are reported as
averaging 21.1-26.7 °C, with periodic maxima of 32.2 °C
(CRASC, 1998), these New England States have been
extremely reluctant to admit to thermal pollution impacts.
This is despite the extent of known thermal impacts on
tributaries (EBTJV, 2006) or cumulative thermal impacts
that have been reported from the major Atlantic salmon
rivers of Maine (Fay et al., 2006).

Loss of the Atlantic salmon from the Connecticut River
was met with hatchery stocking of fry from the Penobscot
River, Maine in the 1860s, although extensive salmon
harvest and lack of fish passage at the river’s many dams
led to failure of this programme (CRASC, 1998). With the
advent of the Anadromous Fisheries Conservation Act in
1965 and the CWA in 1967, the four States plus the USFWS
(US Fish and Wildlife Service) and NMFS (National Marine
Fisheries Service, a division within the National Oceanic
and Atmospheric Administration) began a new restoration
programme in 1967 that has continued to the present. A
compact among the States and federal agencies created the
Connecticut River Atlantic Salmon Commission (CRASC).
This effort has focused on widespread stocking of tributaries
and installation of adult and juvenile passage facilities.

The mainstem Connecticut River between Gilman, VT
and W. Stewartstown, NH supports 13 100 m? of Atlantic
salmon habitat between rkm 484 (Gilman Dam) and 594
(Canaan Dam) (CRASC, 1998). Gephard & McMenamy
(2004) stated that ‘it seems likely that little of the mainstem
Connecticut River downstream of the present-day site of
the Ryegate Dam (rkm 440) historically supported Atlantic
salmon rearing habitat’. This contrasts with the Penobscot
River in Maine, which has a watershed area of similar size
(22 300 km?, compared to 29 100 km? for the Connecticut
River), but supports Atlantic salmon spawning and
rearing in the mainstem river all the way downstream
to Orono, ME (USFWS & Maine ASC, 2006). In the
Connecticut River basin, the major loss of salmon was
attributed to construction of sawmills and gristmills
(CRASC, 1998). The enormous geomorphic impact of
water-powered mills throughout watersheds of New
England and the mid-Atlantic region has only recently
been revealed (Walter & Merritts, 2008), with the four States
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of the Connecticut River basin having among the highest
density of mill dams by 1840. These dams produced
increases in local anthropogenic base levels and typically
spanned entire first- to third-order valleys. The effect was
to trap extensive fine sediment deposits, obliterating the
abundant valley wetlands (Walter & Merritts, 2008). Recent
removal of the mill dams has resulted in high eroding
banks in incised channels where fine sediment transport
is high. It is entirely conceivable that the combination
of high fine sediment levels and lack of the wetland
interaction with the stream network (greater than 70 % of
the network stream length being first- to third-order) has
resulted in poor spawning and egg incubation conditions
due to high levels of fine sediment in channel substrata,
and poor summer rearing due to high water temperatures
and altered summer flow regimes. Given this evidence
on the extensive cumulative habitat degradation in
the basin, it can easily be surmised that the mainstem
Connecticut River was likely, before this degradation,
to have been used extensively as rearing habitat.

The mainstem Connecticut River in the four States
does not provide optimum summer rearing temperatures
for native coldwater species, even though Vermont
classifies the mainstem as a coldwater habitat under
its water quality standards (Vermont NRB, 2008).
Massachusetts considers the mainstem Connecticut River
not to be a coldwater fishery, despite the occurrence
of Atlantic salmon (Cohen, 2007).

salmonids spawn in the river to warrant concern for

It requires that
water temperature. New Hampshire does not place
the Connecticut River in whole or in part on the list of
rivers fully supporting aquatic life (New Hampshire DES,
2004a). NMFS & USFWS (2005) identified mainstem and
tributary water temperature as a threat to ESA
(Endangered Species Act)-listed Atlantic salmon in
Maine rivers. Even the Penobscot River mainstem has
been noted as having significant adult kills from mean
weekly temperatures of > 23 °C (Fay et al, 2006).
Despite the fact that Atlantic salmon conduct spawning
migrations into August in the Connecticut River (CRASC,
1997) and there is an extensive effort to re-establish salmon

in the basin, even adults are not protected with summer
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coldwater criteria. This point was overlooked in a recent
court ruling that granted an additional temperature
variance to Entergy Vermont Yankee nuclear power
plant (VEC, 2008). This ruling emphasised that most
adults are taken out downstream of the power plant
discharge for hatchery production, but failed to consider
sublethal effects in adult or smolt passage, downstream
travel of thermal effects, or thermal restoration of the
river.  Establishing an upper summer temperature
limit of 294 °C in the Connecticut River (VEC, 2008),
and allowing thermal variances, does not address the
biological observation that adult migration success
decreases at temperatures above 23 °C (Fay et al., 2006).
Under Section 316(a) only the ‘Balanced Indigenous
Population” (BIP) is considered in effects of the thermal
discharge (VEC, 2008), not standard water quality criteria.

A thorough temperature TMDL (Total Maximum
Daily Load), based upon a state-of-the-art temperature
model and modelled vegetation and channel
reconstruction, coupled with an in-depth review of
historical documentation of fish use of the river prior
to significant cumulative warming effects (if possible),
would help resolve uncertainty concerning a river’s
natural thermal potential. ~Unfortunately, means are
not yet available to model accurately the temperature
restoration results of anticipated wetland recovery and
improved connectivity of hyporheic flows with the
floodplain; however, thermal modelling of riparian and
channel morphological recovery is more easily handled.
A TMDL will not be conducted in the Connecticut
River, however, because it has never been listed as
impaired for water temperature (TMDLs only being
required for waters listed as impaired on the 303(d) list).

Eastern brook trout (Salvelinus fontinalis) is the native
char species that was endemic throughout this basin and
widely in New England and the mid-Atlantic States.
Brook trout co-evolved with Atlantic salmon and were
found in all Atlantic salmon rivers (NMFS & USFWS,
2005). Brook trout have been detected in the mainstem
Connecticut River in small numbers (Merriman &
Thorpe, 1976; Normandeau, 2005), but in the tributaries

the local populations have exhibited extensive loss due
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to habitat degradation (EBTJV, 2006). One can infer
from the scepticism of some regional biologists about
rearing of Atlantic salmon juveniles in the mainstem
Connecticut River (Gephard & McMenamy, 2004) that
brook trout, likewise, would not rear in the mainstem.
However, it is also known that, historically, sea-run brook
trout commonly migrated throughout major rivers of
New England (Moring, 2005) and probably did so in the
Connecticut River (Gephard & McMenamy, 2004). Brown
trout in the Connecticut River mainstem in Connecticut
are commonly sampled by electrofishing near tributary
mouths. Itis presumed they are foraging in the mainstem
(Jacobs et al., 2004). As a minimum, the obligate coldwater
fish species of the Connecticut River utilised the tributaries
extensively, together with the mainstem during adult and
smolt migration stages; but it also seems highly likely
that extensive reaches of the mainstem supported at least
marginal rearing or holding opportunities in cold refuges,
similar to the use of these habitats in large western US
rivers by bull trout (Salvelinus confluentus) during summer
(McPhail & Baxter, 1996; Faler et al., 2005) and the past use
of large Montana rivers by western cutthroat (Sloat, 2005).

Against the backdrop of historic and current coldwater
species’ use of the river, the existing management of water
temperature via State water quality regulations can be
evaluated. Vermont has just four streams listed for water
temperature impairment in the entire State (Vermont DEC,
2006). Only one of these streams is of any significance
in the Connecticut River (West River), but it is listed
only for a 10-mile reach for impaired secondary contact
recreation (fishing and boating). Support of aquatic life
was not mentioned as an impaired beneficial use (Vermont
DEC, 2006), despite the significance of the West River in
Atlantic salmon restoration (CRASC, 1998). In its 305(b)
report (the statutory report on water quality) the State
of Vermont (Vermont ANR, 2008) acknowledges the
importance of maintaining riparian vegetation along its
streams to prevent thermal deterioration of its waters by
stating ‘there are no strategic State-wide requirements that
riparian landowners must maintain a minimum width
of vegetation along bodies of water as there are in other

States.” The Connecticut River mainstem was not listed for
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temperature or any other pollutant despite high levels of
mercury, nutrients, and toxins in many of the tributaries.
In New Hampshire, the 303(d) list (the statutory list of
impaired/threatened surface waters where a TMDL is
required) contains no listings at all for temperature (New
Hampshire DES, 2004b). New Hampshire assigns to Class
A waters (its highest class) a temperature standard of no
anthropogenic change” and for Class B a standard stating
‘no change that would “appreciably interfere” with the
assigned use’ (New Hampshire DES, 2009), despite having
standards for temperature. New Hampshire does list
streams on the basis of dissolved oxygen (DO) and pH;
however, it designates that all State waters should support
aquatic life. This confers an expectation of providing
suitable ‘chemical and physical conditions for supporting
a balanced, integrated and adaptive community of aquatic
organisms’ (New Hampshire DES, 2005). New Hampshire
uses benthic macroinvertebrates, or fish and benthic
macroinvertebrates, as core indicators when deciding the
303(d) listings. Additional criteria include DO, pH, benthic
IBI (Index of Biological Integrity), habitat assessment
(e.g. epifaunal substratum, pool characteristics, sediment
deposition, channel flow status, channel sinuosity, channel
alteration, bank stability, vegetative protection, and buffer
width), toxic substances in water and sediment, and exotic
macrophytes. The State has two IBI thresholds that must
be achieved for a water body to provide full support: > 65
in the northern half of the State and > 54 in the southern
half. The NH guidance is ambiguous in its definition of
full support, however, by stating that ‘degrees of
full support’ include good and marginal ratings.
Consequently, ratings of < 65 and < 54, respectively,
imply non-support. There is no large river IBI to cover
the mainstem Connecticut River itself. ~The habitat
assessment is relatively comprehensive for physical habitat
condition, but full support of beneficial uses can be
claimed provided no more than one of the habitat
condition factors receives a score of < 10 out of 20. This
implies that if 9 of the 10 habitat factors receive a score
of 11 out of a maximum score of 20, while one receives
a score of 5, for example, the stream can be claimed to

provide full support. A more rational approach would
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be that if the vegetative cover were rated even as 11 out
of 20 (ostensibly, indicating a function of 55 %), there
should be a presumption that water temperatures, and
possibly sediment deposition and other habitat factors,
are not achieving desirable conditions. Obviously the bar
for water quality as well as habitat conditions is set very
low. And if such degraded habitat conditions are linked to
reference biotic condition, the stage is set for a downward
shifting baseline condition. In NH there were only 26
tributary stream segments identified as fully supporting
aquatic life, out of a total of 3169 segments (or 163 miles out
of 9612 miles) (New Hampshire DES, 2004a). Despite this,
there are only three segments on the Connecticut River
mainstem itself identified as not fully supporting aquatic
life and needing a TMDL. These cases were attributed
to aluminium pollution and non-native aquatic plants.

In Massachusetts there are only five river segments
in the entire State for which thermal modification was
listed as a cause of 303(d) listing. These segments
all had additional causes for listing, such as metals,
nutrients, suspended solids, pathogens, turbidity, oil and
grease, and organic enrichment. There was not a single
Connecticut River segment listed for thermal modification
(Massachusetts DEP, 2005). Biological assessment, toxicity
bioassays, and chemistry/water tests are used to evaluate
whether the State’s surface waters fully support aquatic
life (Massachusetts DEP, 2005). The biological assessment
is based on a combination of EPA Rapid Bioassessment
(RBP 1II, see Barbour et al.,, 1999), fish community, habitat
and flow, macrophyte, and algal bloom data. Fish
communities, flows and macrophytes are evaluated by
an unspecified ‘best professional judgment’ process. The
chemistry/water assessment comprises a combination
of DO, pH, temperature, and toxic chemical monitoring.
The temperature criterion is maximum daily mean over
a month period. A listing is permissible only when 10
% of the measurements exceed the standard. When a
standard is based on a single maximum daily mean value
over a month, presumably one could gather high values
for July and August in a single year, but it would require
multiple years of data collection for the 10 % criterion to

have meaning. This means that the number of years of
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data required should be specified. Also, the statistic should
be based on continuous daily monitoring for a maximum
daily mean to be protective. Massachusetts DEP (2005)
references the State’s 1996 water temperature standards
in its 2004 303(d) and 305(b) report to the EPA, even
though these have since been revised. The most recent
water quality standards indicate that coldwater fishery
use is protected by a temperature standard of < 20 °C,
calculated as a 7DADM value (7-Day Average of the
Daily Maximum). Despite the conflict between standards
and the monitoring plan, the State has listed very few
stream segments or miles as impaired, and no listings
are provided in the entire Connecticut River mainstem or
tributaries in the State. The State specifies use of a “weight
of evidence’ approach to assessing the protection of aquatic
life, implying that temperature may not necessarily
be used when assessing water quality (Massachusetts
DEP, 2005). In the Connecticut River mainstem, the only
listings presented by MA include the following causes:
pathogens, organics, suspended solids, and flow
alterations. It is not likely that temperature impairment
would be alleviated by addressing these other factors. If
a mainstem segment had been listed for temperature it is
unknown, but unlikely, that there would be an upstream,
tributary-based evaluation of means to address the problem,
unless a basinwide and multi-State TMDL were initiated.

In Connecticut there is only a single waterbody listed for
water temperature standards exceedance (Muddy River).
The Connecticut River has no listings for temperature
violations in the mainstem or tributaries. There is no
waterbody within the State for which a temperature TMDL
is identified as being required (Connecticut DEF, 2006).

Despite the virtual total lack of recognition of warm
water as a limiting factor to Atlantic salmon in the
Connecticut River basin, elevated water temperature
has been frequently cited as a key factor in the reduction
of Atlantic salmon viability in the various Maine rivers
(NMFS & USFWS, 2005). What appears as a most likely
conclusion is that the long history of habitat alteration
in the Connecticut River has led to an uncritically

accepted ‘conventional wisdom’ of the low recovery
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potential for the river. This ‘logic’ works heavily against

recovery of native salmonid species in the basin.
Shifting baselines

Because all four States containing the Connecticut River
watershed have no biocriteria for the mainstem and
because no mainstem segments are listed for temperature
impairment, possibly because there is no baseline for
historic temperatures or historic fish populations, the
native coldwater fishes and even the coolwater fishes
are increasingly threatened. The prospect of addressing
widespread habitat alterations via the CWA will occur only if
accompanied by a TMDL or a basin restoration plan linked
to a TMDL. Incremental point-source thermal pollution
is likely to continue, given that significant point-source
variances have been granted readily and repeatedly (e.g.
Vermont Yankee nuclear power plant). Given the deference
to the thermoelectric power industry enshrined in Section
316(a) of the CWA, water quality standards and TMDLs
are largely neutered. The fish community is evaluated
using purely ‘best professional judgment” according to the
ambiguous guidance provided by EPA (1977a) to protect
a ‘Balanced Indigenous Population’. The States have no
standards for what constitutes this balance, and exotic
fish have been willingly adopted as ‘indigenous’ by the
State fishery agencies, even though introduced members
such as smallmouth bass constitute a significant predation
threat to rare cyprinids (Jackson & Mandrak, 2002) as well
as to coldwater species restoration.

Lack of a minimally perturbed fish community
reference point for a large river such as the Connecticut
River facilitates acceptance of a shifting baseline as the
standard against which to measure impacts of new
thermal discharges (Pinnegar & Engelhard, 2008). If we
visualise a fish community composed of select salmonid,
percid and centrarchid species that represent cold-,
cool, and warmwater preferences respectively, their
distributions could overlap extensively throughout a
drainage system such as the Connecticut River (Kitchell et
al,, 1977). Progressive river warming would cause shifts

in relative abundances of the members of these thermal
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guilds, but each would maintain presence throughout
the mainstem course. If the salmonids were present with
minimal abundance because of cumulative warming,
further warming would probably be difficult to detect
via biological sampling alone, given statistical problems
in sampling rare species. The EPA (1977a) guidance on
protecting RIS emphasises the importance of detecting
shifts in species composition and relative abundance.
The minimum detectable effect (Ham & Pearsons, 2000)
coupled with known high levels of variance in
anadromous and resident species’ annual abundances
(Bisson et al, 2008), under what might be considered
dynamic equilibrium habitat conditions and shifts in age
structures, make early detection of significant biological
change difficult.
species composition and abundance that accompany

Biologically important changes in

progressive thermal increases may occur before they
are detected and attributed to a thermal shift; indeed,
species composition and abundance may need to change
drastically before the changes are detected, attributed to
a thermal shift rather than normal inter-annual variation,
and reversed.  Unfortunately, given a conservative
estimate of the coefficient of variation of anadromous
salmonid populations in Pacific Northwest streams (CV
> 50 %), a 35-year pre-and post-treatment monitoring
programme would be required to detect a 30 % change
in population abundance (p < 0.10) (Bisson et al., 2008).
Protection of the rare species is vital in biocriteria
development, but is not guaranteed by selection of
a minimal number of RIS that emphasise primarily
the abundant and economically dominant members.

The challenge in aquatic resource management today
is in setting a baseline against which to establish limits to
allowable change. Until there is significant monitoring or
survey work done, baselines can constantly shift (Pinnegar
& Engelhard, 2008). This process sets a progressively
lower expectation. The continuum of fish community
types that would be found under historic conditions in a
stream system can constantly shift headward as a stream
is developed, with generalised stream heating occurring
from cumulative sources. This results in a compression

of coldwater fish distribution and relegation to headwater
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zones where the most cold-tolerant members of these
species may maintain relative advantages due to greater
tolerance of cold waters and high channel gradients. At
the same time, the warmwater fish guilds are able to
considerably expand their range. Depending upon the
point in this developmental sequence when reference
conditions are established and current conditions of
developed streams assessed, the baseline could have
shifted dramatically.
for inferring a historic baseline for regulating stream

There are a variety of means

temperatures. If there are suitable reference conditions
for streams of the size undergoing greater development,
this is a good option. Reference conditions that reflect
natural potential conditions (cf. ‘natural thermal potential’;
ODEQ, 2009), however, are often lacking, especially for
larger streams. Temperature monitoring in reference
streams provides a good regional target for maximum
temperatures relative to stream size and elevation. Historic
collections of fish can be used to infer expected zonation
in terms of percentage composition, but frequently,
fish collections document primarily presence/absence.
Consequently, from community composition it may
not be easy to denote dominance or abundance, and
thereby, former core use areas. Data on potential natural
vegetation distribution, vegetation height and canopy
cover, stream size and orientation relative to topography,
documented changes in channel geomorphology, and the
current channel and vegetation status make it possible
to reconstruct historic temperature regimes using
state-of-the-art mechanistic temperature models (Boyd
& Kasper, 2002, 2003). Statistical models can also be
used with reference streams to extrapolate temperature
characteristics to developed streams based on classification
criteria (Donato, 2002; EPA, 2003a; Risley et al., 2003).

Problems with application of Representative
Important Species and Balanced,
Indigenous Community concepts

In order to secure a variance for discharge of heated
effluents into rivers, operators of electric power generation
plants (e.g. nuclear power plants) must conduct a 316(a)
‘demonstration’ that the effects of a proposed thermal
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discharge adequately ‘assure[s] the protection and
propagation of a balanced, indigenous population of
shellfish, fish, and wildlife in and on the body of water into
which the discharge is to be made...” (33 USC §1326(a),
40 CFR §125.73). Under 316(b), they may also need to
consider the application of best available technology to
the structure of cooling water intakes. In addition, EPA
guidance requires selection of ‘Representative Important
Species’ (RIS) whose presence or abundance may be
causally linked to the heated discharge (EPA, 1977a). In
the EPA guidance, these species should be a combination
of threatened or endangered species, commercially or
recreationally important species, the most thermally
sensitive species, and species significant in the food chain.
Sections 316(a) and 316(b) of the CWA are very brief, but
the amplification of these in EPA guidance (EPA, 1977a, b)
introduced what appears to be exceptional ambiguity in
the definition of ‘balanced indigenous community” (BIC) so
thatitis disconnected from modern, rigorous EPA concepts
of biotic integrity. This view that Section 316 guidance is in
need of updating is supported by EPA (1992):
It should be noted that WQS [i.e. water quality standards]
in many States are not based on the extensive data and
modern scientific theories that have become available since
the standards originally were issued. Largely because of the
availability of Section 316(a) of the CWA, which enables
permittees to perform site-specific evaluations in lieu of
applying WQS, many States have not chosen to update
their thermal WQS with the new data and procedures that
have become available since that time. (EPA, 1992).

The Vermont Yankee Nuclear Power Station’s
permit amendment process serves as a case study to
illustrate problems in the CWA and application of EPA
guidance concerning the impact of heated effluents on
fish communities. The Vermont Yankee (VY) nuclear
power station is located at Vernon, VT, near the southern
Vermont border where the Connecticut River crosses
into Massachusetts (tkm 229.5). It began operation in
1972 and used closed cycle condenser cooling in order
not to discharge heated effluent to the river. In 1974, VY
was permitted experimental thermal discharge to the
river to study the potential biological impacts. The first
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316(a) demonstration was published in 1978 (Binkerd
et al,, 1978), supporting VY’s proposal to allow winter
(15 October-15 May) Connecticut River temperatures
downstream of the powerhouse and dam to be increased
by up to 7.4 °C to a maximum river temperature of 18.3 °C
by operating the reactor cooling system in open-cycle
mode. A maximum rate of river heating, not exceeding
2.8 °C per hour, was also proposed. Proposals in this
demonstration were adopted by Vermont in an NPDES
(National Pollutant Discharge Elimination System) permit
in 1978 (Normandeau, 2004). In 1986, VY was granted
an NPDES permit that allowed a variance for increasing
the river temperature in summer by 0.56 °C. Another
demonstration was published in 1990 (Downey et al.,
1990) that supported alternative thermal limits, relative
to ambient water temperature, for the summer period
(16 May-14 October). The thermal limits endorsed in the
demonstration report were adopted in the 1991, 1996,
2001, 2003, and 2004 NPDES permits. These permits
provided VY an allowable summertime increase of 2.8 °C
when temperatures were less than 12.8 °C, with stepped
increases down to an allowed 1.1 °C increase for ambient
river temperatures above 17.2 °C (Table 1). In 2003, a
new demonstration was submitted (Normandeau, 2003)
requesting an additional increase (0.56 °C) to summer
temperatures to allow additional open-cycle mode cooling
when ambient river temperatures were between 12.8 °C
and 172 °C. An increase of 1.1 °C was also requested
above ambient temperatures greater than 25.6 °C. In the
subsequent revision to this demonstration (Normandeau,
2004), based on review by the Vermont Agency of Natural
Resources (VANR) and USFWS, it was decided that the
proposed increases should apply only to 16 June-14
October in the summer period so that the existing Atlantic
salmon smolt migration would not be subject to this
increase. The 2006 NPDES permit adopted by VANR for
the VY power station included the proposed temperature
increases from the 2003 and 2004 demonstrations for the
16 June-14 October period, with the added requirement
of a temperature cap of 294 °C. After a series of legal
challenges, the Vermont Environmental Court sustained

the summertime temperature increases and cap but
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Table 1. Magnitude of temperature variances granted for the Vermont Yankee Nuclear Power Station in Vernon Pool, Vermont after various
316(a) demonstrations and the recent court decision on a variance application (VEC, 2008). Copies of State NPDES permits were obtained from
the Vermont Agency of Natural Resources (VANR) by the Vermont Law School.  Renewed in 1996, 2001, 2003, and 2004. * Temperature
standards set through action of the Vermont Environmental Court proceedings (VEC, 2008).

Summer operating period

1978 NPDES 1986 NPDES 1991 NPDES 2006 Amended NPDES 2008 VEC? 2008 VEC
permit permit permit! permit decision decision
16 May— 16 May— 16 May— 16 May— 16 June— 16 May- 8 July—
14 Oct 14 Oct 14 Oct 15 June 14 Oct 7 July 14 Oct
closed cycle allows 0.56 °C cap of cap of 24.8°C cap of
increase in 29.4 °C for for 16 June—- 294 °C for
summer entire period 7 July entire period
Temperature Allowed temperature increase (°C):
range (°C):
>25.6 1.1 1.1
>248
>172and <256 1.7 1.7
>172 11 11 1.1
>15and <17.2 17 17 22 1.7 22
<15 2.8
>128and <15 22 22 22 28
<128 2.8 28 28 2.8
Winter operating period

Permitting conditions for the winter operating period (15 Oct-15 May) throughout this series of years have been that the
temperature below Vernon Dam and the powerhouse would not exceed 18.3 °C, the rate of temperature change would be
less than 2.8 °C/hr, and the total temperature increase above ambient below Vernon Dam would not exceed 7.4 °C.

restricted them to 8 July-14 October to provide further
protection to Atlantic salmon smolt migration (VEC, 2008).
It also imposed a 24.8 °C temperature cap for 16 June-7 July.

The chronology of 316(a) demonstrations and NPDES
permits in the Connecticut River for operation of Vermont
Yankee nuclear power station reveals a consistent effort
to increase the thermal limits. These increases make
no allowance for future behavioural extension of the
migration period under thermal recovery or the possibility
of mainstem juvenile rearing (VEC, 2008). When ambient
(ie. temperatures upstream of the power station) are
between 17.2 °C and 25.6 °C, the most recent permit
allows an increase of 1.7 °C from 8 July-14 October
despite evidence of mid-summer adult salmon migration
(CRASC, 1997), making the entire chronology of

summertime temperature increases counterproductive. It
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is difficult to argue that the temperature increases allowed
in the 16 May—7 July period are neutral in their effect on
either Atlantic salmon smolts or American shad adults.
Between 1993 and 1997 the date of 95 % completion of
Atlantic salmon smolt emigration occurred just prior to
1 June McCormick et al., 1999). In the 228-km migration
from the mouth of the Connecticut River to Vernon Dam,
American shad expend between 35 % and 60 % of their
energy (Leonard & McCormick, 1999). Rate of energy
expenditure in the last 30 km of travel to Vernon Dam is
highly energy intensive for female shad, which appear to
reach bioenergetic thresholds in warm years. This energy
depletion appears to affect iteroparity in shad (Leonard
& McCormick, 1999), and may likewise affect Atlantic
salmon. At a minimum, these variances do not fully

protect seasonal uses of salmonids in the river (Atlantic
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salmon (Salmo salar), rainbow trout (Oncorhynchus
mykiss), brown trout (Salmo trutta), or brook trout
(Salvelinus fontinalis)), and they also do not fully protect
adult migration or kelt downstream migration or lead
to restoration. These variances were sought solely
as a means to avoid using power to run the existing
closed cycle cooling towers, which would be a logical,
technically-based means of protecting water quality.

Rather than relying on WQBELs (Water Quality-Based
Effluent Limits) or TBELs (Technology-Based Effluent
Limits) (Kibler & Kasturi, 2007), Section 316(a) injects
a concern for a representative fraction of the entire fish
community into the NPDES process. Over the course
of licensing the VY power plant, which began operation
in 1972, approximately five years of baseline biological
data were collected. The first pre-operational report
(Webster-Martin, 1968) merely reported miscellaneous fish
captures. A later pre-operational report tabulated numbers
and biomass of fish collections by species made in the
vicinity of Vernon, Vermont and south of Vernon Dam
(Webster-Martin, 1971). A total of 24 species were noted.
Several prominent species of the Connecticut River were
not listed in the first pre-operational report: Atlantic salmon
(Salmo salar), American shad (Alosa sapidissima), northern
pike (Esox lucius), sea lamprey (Petromyzon marinus),
blueback herring (Alosa aestivalis) and mimic shiner
(Notropis volucellus). Appearance after 1981 of Atlantic
salmon, American shad, sea lamprey, and blueback
herring was probably attributable to installation of fishways
at Turners Falls Dam and Vernon Dam (Normandeau,
2004). One species identified in the first pre-operational
report, brook trout (Salvelinus fontinalis), was not found in
the second but was observed in 2002 (Normandeau, 2004).

Binkerd et al. (1978) increased the total fish species
list to 31 and also reported numbers and biomass from
all fish collection methods combined (seining, gill netting,
minnow traps, fyke nets and electrofishing). Unfortunately,
numbers and weights reported combined all data by
species for 1968-1977, mixing the pre-operational and
post-operational periods. ~ Consequently, there was

no analysis of early shifts in community composition.
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In the 1990 demonstration report (Downey et al.,
1990), a comparison of the biomass and abundance of
species downstream of Vernon Dam (ie. downstream
of the VY plant) for the pre-operational dataset of 1971
(Webster-Martin, 1971) against the 1981-1989 data
(Downey et al., 1990), based on a combination of trap net,
gill net, seine, and electrofishing, showed that for 23 species
in common, there were significant shifts in percentage
biomass for certain species. Most notably, white sucker
(Catostomus commersoni) increased from 12.1 % to 44.9 %,
smallmouth bass (Micropterus dolomieu) increased from
6.1 % to 13.0 %, carp decreased from 30.5 % to 8.7 %, and
yellow perch (Perca flavescens) declined from 21.0 % to 40 %
of total fish biomass. The 1971 pre-operational biomass
accounted for 95.6 % of the total 1990 biomass, despite
the difference in total numbers of species reported. The
trends in fish species from pre-operational conditions to
post-operation could possibly be attributable to changing
fish sampling methods. But given the lack of comparison
of pre- versus post-operational conditions with a consistent
sampling protocol, it is inconceivable that a claim of ‘no
prior appreciable harm’ could be established. Post-facto
claims of no prior appreciable harm based on sampling
with a 12-year ‘relatively’ consistent sampling protocol
from 1991 to 2002 (Normandeau, 2004), conducted entirely
during operational conditions, could possibly detect trends
related to continuous operational conditions but pre-
versus post- comparisons are not particularly meaningful
given the minimal pre-operational sampling period and
different methods used between the two sampling periods.

A 316(a) demonstration report was produced in
2004 by Normandeau Associates and submitted by
Entergy Nuclear Vermont Yankee to VANR and the NRC
(Nuclear Regulatory Commission, which is part of the US
Department of Energy and is responsible for nuclear power
plant permitting). This demonstration (Normandeau,
2004) summarised 12 years (1991-2002) of ecological
studies conducted by Normandeau on the Connecticut
River. Fish samples were taken by electrofishing in a
reservoir created by Vernon Dam and in a riffle below the
dam. Vernon Dam is located at rkm 228.3 and is 1.2 km
downstream of the Vermont Yankee (VY) plant discharge.
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The monitoring reach in the reservoir above the VY
station is exclusively pool habitat and extends to 5.8 km
above the discharge. The monitoring stations below the
discharge point include one pool transect and various
downstream riffle sites, extending 7.7 km downstream.
A statistical summary of 12 years of electrofishing
samples was conducted by comparing abundance
trends in lower Vernon pool to the Vernon Dam tailrace.
Kendall-Tau b correlation coefficients (Kendall, 1970)
were computed for each individual RIS to assess whether
or not abundances showed statistically significant
increasing, stable or decreasing trends. Of the nine
RIS in lower Vernon Pool, eight had decreasing
trends (three were significant, P < 0.05); in the Vernon
Dam tailrace, all nine RIS had decreasing trends
(two were significant, P < 0.05) (Normandeau, 2006).

Designation of RIS in the 1978 316(a) demonstration
featured eight fish species. Atlantic salmon were the
representative species for the most thermally sensitive
(Table 2). Smallmouth bass and walleye (Sander vitreus)
were exotic species included as RIS due to their perceived
sport value. In 1985, Vermont changed the designation of
the Connecticut River from a warmwater to a coldwater
The 1990

demonstration deleted shortnose sturgeon (Acipenser

fishery in its water quality standards.

brevirostrum) and replaced white sucker by white

McCullough, D.A.

perch (Morone americana).  The 2003 demonstration
(Normandeau, 2003) added gizzard shad (Dorosoma
cepedianum), America eel (Anguilla rostrata) and sea
lamprey to the RIS (Table 2). The 2004 demonstration
(Normandeau, 2004) replaced white perch with white
sucker because white perch abundance, which had
comprised up to 25 % of total fish abundance in the early
1980s (Downey et al., 1990), became severely diminished
in the 1990s (< 1.4 %: Normandeau, 2004). Before this,
however, white perch had declined from 6.3 % to 2.5 %
of total catch downstream of Vernon Dam between 1971
(pre-operation) and 1981-1989 (post-operation), on the
basis of percentage biomass. Presumably biomass had
declined even further by 1991-2002 as had abundance,
although it was not reported. American eel and sea
lamprey, although valued components of the native
community, also had very low abundance and were
deleted as RIS along with gizzard shad at the request of
VANR. The 2004 demonstration added fallfish (Semotilus
corporalis, a mnative cyprinid) and largemouth bass
(Micropterus salmoides, another exotic) to the RIS (Table 2).
The 2004 demonstration deleted all consideration of
biomass in electrofishing samples and reported only
trends in numbers, unlike previous demonstrations.
The numbers were also devoid of important age class

differentiation. However, the ‘ecological studies’ report

Table 2. Representative Important Species selected in various 316(a) demonstrations for the Connecticut River in the vicinity of Vernon,
Vermont. All UUILT values are those tabulated by Normandeau (2004) from various cited literature; * cited by Normandeau (2004) from
Stanley & Trial (1995), who cited Elliott (1991); ** cited by Normandeau (2004) from Moss (1970) as the single value available from the

literature.

1978 1990 2003 2004 UUILT
Atlantic salmon Atlantic salmon Atlantic salmon Atlantic salmon *27.8
American shad American shad American shad American shad **32.2

Shortnose sturgeon

White sucker White perch White perch White sucker 311
Spottail shiner Spottail shiner Spottail shiner Spottail shiner 35.0
Walleye Walleye Walleye Walleye 31.7
Yellow Perch Yellow Perch Yellow Perch Yellow Perch 322
Smallmouth bass Smallmouth bass Smallmouth bass Smallmouth bass 36.7
Gizzard shad Fallfish 322
American eel Largemouth bass 35.0

Sea lamprey
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produced for the same year (Normandeau, 2004) indicated
relative percentage biomass in the electrofishing catches
for 2003 downstream of Vernon Dam. These data show
that from the 1971 pre-operational study (Webster-Martin,
1971), to the 1981-1989 period reported in the 1990
demonstration (Downey et al., 1990), to the 2003 ‘ecological
study’ (Normandeau (2004), based on electrofishing),
smallmouth bass went from 6.1 %, to 13.0 %, to 52.1 % of
the total biomass collected. Bluegill (Lepornis macrochirus)
biomass went from 1.5 %, to 3.6 %, to 10.1 %. Yellow perch
went from 21.0 %, to 4.0 % to 0.7 % of total biomass in
these same periods. These data indicate what appears to
be a shift in the community toward warmwater tolerant
species. Total electrofishing effort in 2003 amounted to
only 2.7 hours in the riffle habitat downstream of Vernon
Dam. Despite all this evidence, the 2004 demonstration
(Normandeau, 2004) claims for each RIS a finding of ‘no
appreciable harm’ for the 1991-2002 period, which is
claimed to be the existing baseline for consideration of
additional summer thermal variances. The statistically
significant, decreasing trend in white sucker was simply
attributed to food web dynamics and not thermal discharge.

The currently proposed RIS for the Connecticut River
at Vermont Yankee power station, increasingly emphasise
Normandeau (2004) identified

smallmouth bass as a coolwater fish even though it is

warmwater fish.

most often referred to in the literature as a warmwater
fish. The UUILT (Ultimate Upper Incipient Lethal
Temperature, see McCullough (1999)) reported by
Normandeau (2004) for smallmouth bass (36.6 °C) was
higher than that reported for largemouth bass (35 °C),
which is always considered as a warmwater species. A
UUILT of 36 °C is probably more realistic for largemouth
bass (Fields et al, 1987). Normandeau (2004) also
tabulated a UUILT for Atlantic salmon of 27.8 °C that is
traced to Elliott (1991), although this value is applicable
strictly to juvenile salmon. Adult salmonids have lower
UUILT values than juveniles (McCullough 1999) and
consequently require additional protection. Normandeau
(2004) tabulated a high UUILT for American shad (32.5 °C)
from Moss (1970) (although the details were actually given
in Marcy et al. (1972)). The methodology described in
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Marcy et al. (1972) provided a thermal effect value (32.2 °C)
more akin to a ULT (i.e. Upper Lethal Temperature; a
temperature of near-instantaneous death), which would
be greater even than a CTM (Critical Thermal Maximum,
see Elliott, 1991) value and not representative of a UUILT.
It indicated the temperature required to kill 100 % of a
test group in 4 to 6 minutes when temperatures are raised
rapidly from 24-28 °C to 32.5 °C, not the 50 % mortality in
7 days typical of UUILT studies. These misinterpretations
of UUILT values lend inappropriate credence to the idea
that coolwater fish fare well under warm conditions at any
life stage and that there is less downside to temperatures
favouring warmwater fishes, rather than the most
sensitive. Brown trout (Salmo trutta) have UUILT values
at least 3 °C lower than those of Atlantic salmon juveniles
(Elliott, 1991).

numbers of brown trout and rainbow trout in the mainstem

Despite the observed presence of low

in non-summer periods, these species were not designated
as RIS to represent the coldwater fish community.
The 316(a) demonstration produced by Normandeau

(2004) in support of a thermal variance is instructive in

representing numerous pitfalls in the interpretation of

EPA (1977a) guidance on conducting demonstration

projects, to justify a conclusion of maintaining a Balanced

Indigenous Community. ~ The demonstration fails

to assure its CWA goal by the following oversights

in treating RIS, and the exclusive use of RIS, in
general, as opposed to holistic community analysis:

1. Thelack of valid UUILT values for certain species and
substitution of values for UUILT that are inaccurate
(Bogardus, 1981);

2. Mislabelling species as coolwater when they are
warmwater which creates a more favourable image
of ‘balance’;

3. Deleting species as RIS when their abundances
become severely diminished;

4. Not considering species that are key native species in
favour of exotic species;

5. Not considering key native species whose abundances
are depleted;

6. Omitting native and introduced coldwater species as

RIS that are present in low abundances.
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Focusing analysis of the fish community only in terms of
effects on a highly selective set of RIS does not represent
the Balanced Indigenous Community, or the thermal
sensitivity of its most sensitive members.

In the Connecticut River with Vermont Yankee's
thermal variance permit history, the continual shifts in
RIS composition seem to allow the causation of declines
in species abundance to be obscured. Native species in
extremely low numbers can be either excluded outright
for statistical reasons or for simply not being
officially listed in the Endangered Species Act (ESA)
(Normandeau, 2004). In the case of Atlantic salmon, which
was the nominal coldwater species representing the most
thermally sensitive, their numbers were so low that this
RIS member was not really used as a biotic indicator of
power plant thermal pollution. American shad also had
low abundance that was attributed to dam passage
problems rather than heat discharge. Entergy and VANR
did not opt for protection of eastern brook trout and its
representation in the RIS of the mainstem Connecticut
River, even though brook trout were collected seasonally
in the mainstem in very low numbers near tributary
mouths. Numerous other native fishes were collected
in numbers as low as were the brook trout. Progressive
shifts over time in RIS composition toward more heat
tolerant species allowed the ‘balance’ to be more easily
framed as stability in numbers of tolerant species. The
Kendall tau b statistical analysis of abundance trends
discarded the results from Atlantic salmon as not
applicable because numbers were so low, and biomass
was omitted from consideration in trends for all species.
Consequently, there was no representative of the coldwater
fish community. Atlantic salmon was the most sensitive
species in the RIS (EPA, 1977a), and the Vermont water
quality designation for the river is as a coldwater fishery.
In terms of RIS performance, there was no formal
method to define the ‘balance” existing in the mainstem.

Over the period of operation of the VY plant, there
were numerous changes in fish sampling gear, making
long-term trends in fish abundance impossible to track.
At each 316(a) demonstration, there was a conclusion

that there was ‘no prior appreciable harm’ to the fish
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community.  Even the most recent demonstration
(Normandeau, 2004) claimed that on the basis of 12 years
of electrofishing (a period of ‘relatively consistent’
sampling methodology, see Normandeau (2004)) a
conclusion of no prior appreciable harm was reached.
However, the trends demonstrated over this 12-year
period, especially when represented primarily by cool-and
warmwater fish species, may reveal little biotic response to
a prior, continuous period of exposure to thermal effluent
if the greatest declines in most sensitive species had already
occurred before the sampling programme commenced.

In conclusion, the series of reports from a

pre-operational report to the three successive 316(a)

demonstrations, reveals a variety of critical failures in

conducting these CWA Type I demonstrations. Given that
the procedures used in the permit application process at

Vermont Yankee are facilitated by the deference given to

316 rules and EPA guidance on Section 316, and there are

so many other power plants with similarly long histories

of successive variances and complex record of monitoring,
it is likely to be representative of problems encountered
nationally in implementing Section 316. Technical problems
with the 316 demonstrations can be itemised as follows:

1. RIS can be changed at will by State approval,
obscuring the fate of those species that decline, and
relieving operators of the need to find causation.

2. Local increasing trends in abundance can easily be
credited to improving water quality, even when the
trend is in a warmwater tolerant fish.

3. Local decreasing trends can be blamed on regionally
decreasing fish abundance trends, even though
the cause for regional declines can also be regional
cumulative thermal increases.

4. Substantial pre-operational baselines are rarely
extensive or complete and facilitate being able to
claim that existing conditions are really the baseline.

5. With every 316(a) demonstration that is submitted
and variance approved, there is an accompanying
assumption of no prior appreciable harm which then
gives the appearance of a clean slate upon which to

add increased thermal load.

DOI: 10.1608/FR]-3.2.4



Are fish populations being protected by temperature standards?

6. Changes in sampling techniques between
pre-operational and post-operational periods for any
point-source industry may be inevitable over a period
of three decades, but this also provides a rationale
for abandoning the earlier samples that provide
connection to earlier population sizes. This detaches
a trend analysis from the initial conditions prior to
the pollution source. Note: the burden of proof is
the applicant’s responsibility, but when consistent
methods are not available across the years, and with
changes in monitoring companies and funding levels,
the true changes in communities may be overlooked.

7. Given an inadequate pre-operational dataset, the
available pre-operational data can then be joined
with the early post-operational data, giving an
‘early’ operational snapshot. Any radical changes
in populations that might occur at the outset of
operations can then be further obscured.

8. Over time, effort in sampling may decline drastically,
further increasing statistical variance.

9. Withan extensive, complex history of demonstrations,
and auxiliary studies that are not fully integrated into
demonstrations, regulatory agencies such as EPA
or State environmental agencies become incapable
of devoting the time necessary to understand how
existing water quality and biotic integrity have
deviated from historic conditions.

10. Comparisons in electrofishing samples taken above
versus below the thermal discharge, which could be
instructive, become debatable when the habitats in
these two locations are significantly different.

It is obvious that in a river with a lengthy history of
human development such as the Connecticut River, the
impact from the VY plant is but one among many. While
the intent of the CWA is to restore the chemical, physical,
and biological integrity of the river as a means to ensure
a Balanced Indigenous Community, reducing community
analysis to an examination of presence/absence and trends
in a limited RIS does not address community sustainability
and health in a meaningful way. Furthermore, representing
the full community by selecting a limited number of

species that span thermal requirements from cold to warm
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water does not aid in protecting the most sensitive species.
Normandeau (2004), for instance, claims that selection of
largemouth bass as an RIS provides good representation
for brook trout despite the large differences in thermal
tolerance. Allowed thermal increments to the river from
the VY plant are calculated from the ambient baseline
temperature established 5.6 km upstream of the plant.
This framework is the worst possible system if restoring a
natural community composition to the river, or preventing
the regressive action of mounting cumulative effects, are
the goals for water quality regulation. Non-point source
thermal impacts must also be accounted for in a cumulative
effects analysis, but this is not feasible in the Connecticut
River currently because the four States involved have
listed no tributaries or mainstem segments as impaired,

which is a necessary precursor to trigger a TMDL.

Technical problems with community
analysis and trends in the Clean Water Act

Numerous recommendations have been made to EPA
concerning modifications to guidance on conducting
316(a) and 316(b) demonstrations (e.g. Dixon et al., 2003).
Barnthouse et al. (2003) recommended a three-part
analysis of Adverse Environmental Impact (AEI).
This analysis comprised examination of the Balanced
Indigenous Community, first simply as presence—
absence data reflecting species richness trends (overall
and area-specific richness). The second part evaluates
trends in RIS abundance. The third part makes use of
standard recruit-spawner analysis to evaluate trends in
population productivity for RIS species, where mortality
from power plant impacts would be considered in the
same way as fishing mortalities. This implies that an
overall human-caused mortality level is acceptable so
long as the population can be considered sustainable
and density-dependent compensation occurs (Super &
Gordon, 2003). However, long-term habitat and water
quality degradation can lead to significant shifts in
long-term R/S (recruit per spawner) curves (Schaller et
al., 1999; Petrosky et al., 2001). Application of this method

would require a significant monitoring effort on numerous
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species, applied well in advance of plant operation. Major
depression in the R/S function may result in significant
reductions in population productivity followed by
achievement of relative stability and higher extinction risk
at a diminished abundance level. In terms of population
risk, smaller populations that occupy historic habitats less
fully would be at higher threat of extinction and can suffer
greater loss of genetic and life history diversity (McElhany
et al.,, 2000). Increase in urbanisation and level of water
quality degradation are linked to reduction in salmonid
viability (Regetz, 2002). These effects are not captured in
simplistic BIC analysis of richness. While some authors
recommend updating EPA 316 demonstration guidance
by emphasising population and community level indices
(van Winkle et al., 2003), others point out that the higher
level indices do not offer great sensitivity in discriminating
effects of thermal regime changes (Strange et al,, 2003). Shifts
in R/S indicators require rigorous long-term monitoring
and do not offer either rapid assessment of progressive
impact or a convenient means of employing precautionary
principles to prevent damage before it occurs; examination
of the potential impact on individuals (Strange et al., 2003)
or groups of test organisms representing a population
(such as in thermal effects laboratory testing) presents a
much more direct approach for predicting and avoiding
impact. Also, individual-based parameters provide greater
statistical power in revealing treatment effects, due to their
lower levels of variability compared to population-based
parameters (Osenberg et al., 1994).

Application of the individual-based approach as
advocated here is predicated upon the assumption that
by fully protecting the most sensitive members of the
community, the other members will also be capable of
fully exploiting their historic habitats in their natural
positions on the river continuum. Optimum growth rates
of the sensitive species are a direct, biologically-based
indicator of water quality suitability for sustaining healthy
populations of fish sharing a thermal guild. Application of
such indices of population health and community balance
from individual-based thermal effects could have been
used in the Connecticut River. For example, the increase

in biomass of smallmouth bass from pre- to post-operation
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of the VY plant may have some association with the
substantial increase in winter temperatures from power
plant effluent. In 1981 the temperature ranges experienced
for the entire month of January at Station 7 (upstream
ambient control) and Station 3 (downstream of the VY
plant) were 0 °C to 0.1 °C and 0 °C to 5.7 °C respectively
(Aquatec, 1982).

dominance, increase in year-class strength, and reduction

The increase in smallmouth bass

in population variability could easily be attributed to the
much warmer winter temperatures permitted below VY
(Horning & Pearson, 1973; Shuter & Post, 1990; Scheller
et al, 1999).
near the optimum for warmwater species could also

Likewise, summer growth temperatures

increase overall population status and increase predation
rates on coldwater species, although simultaneous
reduction in availability of preferred food sources could
reduce growth rates (Shuter & Post, 1990). The decline
in yellow perch biomass from pre-operation (1971) to
post-operation (1981-89) may also be anticipated from
their year-round residence in the mainstem during the
warm summer period and their relatively low optimum
growth temperature (22 °C: Kitchell et al., 1977). Given
that summer temperatures already far exceed the yellow
perch optimum growth temperature, a further increase
of 0.56 °C would be counter-productive, but may not be
sufficient itself to cause either a change in local species
richness or a statistically detectable shift in R/S indicators
(recommended by Barnthouse et al. (2003) as a key index).

Atlantic salmon adult upstream migration through
the mainstem during the summer (CRASC, 1997) would
be further threatened by mainstem temperature increases.
The fact that adults are more thermally sensitive than
juveniles should be taken into account. Adult American
shad continue their upstream migration into July, but
suffer increased bioenergetic stress and mortality at high
temperatures that decrease the probability of iteroparity
(Leonard & McCormick, 1999). Asimilarimpacton Atlantic
salmon can be assumed. Vermont ANR permitted a 1.7 °C
temperature increase during 16 June—7 July, with the idea
that it would protect shad if passage conditions at the dam
below the VY discharge were limited to 24.8 °C (VEC,
2008). Without providing a complete thermal biological
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evaluation by species and life stage, suffice to say that there
are many reasons not to support continued existing or new
thermal variances on the Connecticut River in the interest
of restoring biotic integrity and reducing sublethal impacts.

In addition to individual-based analysis of thermal
effects on species and life stages, a holistic approach to
monitoring long-term trends to ensure maintenance of a
Balanced Indigenous Community should incorporate far
more than presence/absence data and species richness.
Declining trends should not necessarily be attributed
uncritically to region-wide trends, nor should increasing
trends be cited as proof of no impact from a point-source
thermal discharge (Barnthouse et al., 2003) — improvement
in water quality and habitat conditions at a basin scale may
obscure the level of impairment produced by a point-source
discharge. Likewise, Coutant (2000) suggests considering
high juvenile mortality as part of a normative compensatory
(density-dependent) response that can improve population
age structure and overall health, despite the fact that
human-induced mortality might be added to natural
mortality loads. Coutant (2000) recommends judging the
‘normative’ ecosystem by community composition, trends
in key functions, and shifts in range of variation. Although
these criteria are important, they are not typically the
most sensitive early warning indicators (Schindler, 1987;
Minshall, 1996), and further, reducing a community to RIS
trends is also insensitive to important species substitutions
within guilds and dynamics of rare and sensitive species.

Long-term  community trends evaluated by
comprehensive multi-metric indices that incorporate
abundances of the full species assemblages would be
more diagnostic of community and population health. In
addition, rather than simply reviewing RIS gross abundance
trends, more comprehensive population characteristics
should be analysed, such as age class distribution,
length at age, seasonal fat content, growth rates relative
to temperature and age, condition factor, etc (Minshall,
1996). Establishing large river IBI or other comprehensive
multi-metric indices can help set biotic targets for recovery
and be the means of evaluating recovery progress. But,
most importantly, in the processes of both setting water
quality standards and evaluating the potential effects of
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proposed thermal variances, cumulative effects of a new
discharge in relation to all other human-induced thermal
loads and the multiple life cycle thermal effects on the
most thermally sensitive species, must be evaluated.

The application of all the above techniques prompts
a central question: what are the goals for water quality
criteria? The techniques listed suggest that by using
historic data or their surrogates, we can reconstruct the
historic baseline. If we knew what the longitudinal
pattern of temperature was historically, would that set
the ideal template for stream restoration and species
protection? Given that stream heating tends to accompany
development, is there some level of human allowance
for thermal increase above the NTP (Natural Thermal
Potential) that would provide a good target, permitting
development, yet fully protecting the beneficial use? Or,
are States content for their regulations not to consider
non-point sources for mandatory compliance, and
to permit an unlimited number of point sources to
contribute heat loads to rivers and progressively increase
temperatures without regard to baseline or species
optima? The Clean Water Act uses 1975 as a baseline date
for species distributions that are to establish, at a minimum,
the beneficial use expectations for stream segments. If a
use was documented by that date, the use is expected to
be maintained unless a State undertakes a formal process
to conduct a Use Attainability Analysis, followed by
changing the use and standards. Other options are to

adopt a site-specific standard or a limited-use standard.

Use of Maximum Weekly Average
Temperature (MWAT) as a
protective standard

Colorado adopts an MWAT criterion to
protect salmonids

In the 1960s to 1970s, the recognition of thermal pollution
from power plant effluent led to a flurry of research on
thermal effects and publication of some key documents:
the Columbia River Thermal Effects Study (EPA & NMFS,
1971) and the EPA (1973) report. The latter recommended
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application of the water temperature criterion MWAT as a
standard for fish protection and this was recently adopted
as a State standard by Colorado (Todd et al., 2008). MWAT
can be distinguished as either a biologically- based value
calculated using a formula provided by the NAS (National
Academy of Sciences), or as a physical temperature
statistic. Physically, MWAT is simply the largest 7-day
running mean of average daily water temperatures,
generally based upon an annual period of record, whereas
the biological MWAT is calculated from the formula:

MWAT =OT + (UUILT - OT)/3

where OT is Optimal Temperature.

Colorado recently adopted a biologically-based
MWAT for westslope cutthroat (Oncorhynchus clarki lewisi)
that is 17.0 °C. This value is higher than the MWAT of
15.6 °C calculated from data on UUILT and optimum
growth temperature from Bear et al. (2007) using the
EPA formula. The summer rearing MWAT adopted by
Colorado for rainbow trout (18.2 °C: Todd et al.,, 2008)
is also considerably higher than the value of 16.8 °C
calculated from Bear et al. (2007), but is slightly lower
than the value of 19 °C recommended historically by EPA
(1976). Colorado searched for a chronic temperature index
that would indicate the threshold of sublethal effects,
but instead of taking the upper end of optimum as a
maximum allowable daily temperature as recommended
by EPA (2003a), it assumed that the upper end of optimum,
as defined by constant temperature laboratory growth,
could be interpreted directly as an MWAT (Todd et al,
2008). In cases where an upper growth optimum was not
available, this biologically based MWAT was calculated
by the EPA formula (EPA, 1973, 1986) using UUILT and
optimum growth (Todd et al., 2008). As noted above,
Colorado adopted MWATSs that were higher than those
calculated based on Bear et al. (2007) and also employed an
assumption that an optimum zone would be achieved by
use of MWAT. The latter assumption is flawed, however,
as even if the upper optimum temperature is achieved
in terms of an average, i.e. in terms of a physical MWAT,
the upper threshold would still be exceeded in terms of
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the daily maximum temperature. The Colorado rainbow
trout MWAT of 18.2 °C, for example, could be met with a
maximum and minimum temperature of 27 °C and 9.4 °C
respectively. Colorado does have an acute temperature
standard in addition to the MWAT, to limit the extent of
maximum daily temperature excursions, however this does
not protect against chronic effects; it is also calculated as a
2-hour average, rather than a more protective instantaneous
maximum. As will be demonstrated below, MWAT is

not a protective standard for a variety of salmonids.

The concept of an allowable level of
impairment in temperature standards

When considering allowable temperature increases, it has
been customary practice to make the judgment of acute
effect on the basis of the acclimation temperature and the
UILT (Upper Incipient Lethal Temperature) relative to this
(see EPA, 1973). Then, a conventional 2 °C safety factor is
applied in an effort to limit direct thermal death. Some
States have adopted fixed allowable temperature increases
per source without regard for acclimation temperature
and UILT, and also make no account for cumulative
temperature increases. Oregon has a standard that permits
maximum temperature increases of 0.3 °C above the
ambient from all cumulative sources when ambient is less
than, or equal to, the 7DADM biologically-based criterion
for the reach. This appears to be the most biologically
conservative approach to regulation of NPS (non-point
source) cumulative effects, but the benefits in regulating
both PS (point source) and NPS will be realised primarily
after a TMDL apportions load responsibilities. However,
the approach embodied in the EPA (1973) report, by
implying that any level of increase not producing critical
thermal death by combinations of acclimation and exposure
temperatures, with a safety factor, is acceptable, gives the
mistaken impression that any temperature increment not
causing near-term death of a localised group of individuals
of a target species is likely to be permitted if it also meets
the MWAT test for chronic effects. The interest in how
large a diel fluctuation or an instantaneous temperature

rise can be without causing short-term mortalities may
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have relevance only in cases of power plant effluents. But
the EPA (1973) computations do not indicate the effects
of repeated exposure to such fluctuations. Long-term
or sublethal effects are apt to be of more profound
significance. In addition, the EPA (1973) methodology is
deficient in accounting for impacts to an entire population
distributed throughout its range while applying its criteria
on a watershed scale. It is more attuned to the predicted
laboratory effects on a small test group of individuals. The
current and accumulated impacts on an entire population
that extends from upstream to downstream historical
limits in its drainage basin, depend upon the past and
current allowed increments of thermal discharge at all
point sources as well as the combined effects of non-point
sources. If large thermal increments are permitted at one
site simply because there was a large enough difference
between the ambient temperature and the temperature
standard at the site of discharge, and this increment
would not create a critical short-term impact (according
to EPA (1973) methodology), the ability for downstream
segments of the population to fully utilise their habitat will
be impaired. Although heat can dissipate with distance
downstream, this is generally not a rapid process (Beschta
etal,, 1987; ODEQ, 2004) and extensive lengths of mainstem
can be compromised in quality. Additional thermal loads
downstream can prevent thermal recovery. Loss of habitat
quality can be equated to reduction in population fitness,
reflected in lower abundance and productivity, loss of
life history forms, and restriction in the total extent and
diversity of habitat types utilised.

The EPA (1973) concluded that by use of MWAT as a
temperature criterion, growth rates would be limited to
They stated that
this appeared acceptable, despite there being no

> 80 % of optimum growth rate.

quantitative studies available upon which to define
level of impairment. More recently, Sullivan et al. (2000)
developed a quantitative risk assessment methodology
that employs fish bioenergetics (i.e. use of the Wisconsin
growth model, Hanson et al., 1997) to predict growth rate
and direct thermal mortality. This risk-based approach
assumed that a 10 % reduction in growth rate would be

acceptable in not significantly affecting the population.
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The growth model was then used to determine what
temperature conditions would produce these levels of
growth impact. They acknowledge that a 20 % reduction
in growth potential is likely to affect juvenile size at
emigration, which could affect marine survival. They
modelled growth rate based on assumed food supply
levels under field conditions and determined 7DADM
temperatures of 16.5 °C, 22.5 °C and 30 °C corresponding
to 10 %, 20 % and 40 % reduction from maximum
growth, respectively, for coho salmon (Oncorhynchus
kisutch). The 40 % growth limitation temperature was
identical to the temperature producing the geographic
limit (Eaton et al., 1995a, as cited by Sullivan et al., 2000).
This is evidence that growth reduction does not need
to be 100 % for a species distribution to reach extinction.

Sullivan et al. (2000) stated that the temperature
standards developed in the past 25 years have been
integrated from surveys of scientific literature, but have
not been developed on a quantitative basis that lends
itself to hypothesis generation. Assuming that growth
rate impairment alone is a sufficient basis for generating
a standard, that the level of impairment is deemed
acceptable, and that the Wisconsin model is technically
adequate, their framework presents a means to adjust
the level of risk based on the combination of growth
rate reduction and direct thermal death. Despite the
quantitative basis for this analysis, however, there
are questions about the computational adequacy of
the Wisconsin model (e.g. Ney, 1993). This model
has its own set of assumptions and unverified
In addition, there are legal

allowable

physiological issues.

concerns  about levels of degradation.

Other factors listed by Sullivan et al. (2000) as clouding
the quantitative risk-based approach, were acclimation
temperatures, daily temperature fluctuations, food
availability, management impacts on food availability,
interaction of temperature and other pollutants,
uncertainties concerning most sensitive species, and
ecological interactions among fish species. UILT values
established under constant temperature exposures have
typically been used in establishing temperature standards.

However, response to fluctuating temperatures and
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the ability of fish to recover during low temperature
parts of the diel temperature cycle inject uncertainty
into the level of protection. For example, Johnstone &
Rahel (2003) reported a UILT of 24.2 °C for Bonneville
cutthroat trout (Oncorhynchus clarki utah). However, in
a fluctuating temperature regime of 16 °C to 26 °C (with
a 6-h exposure to temperatures greater than or equal to
the UILT) these trout had no mortality in a 7 d period.
Increasing the cycle to 18 °C to 28 °C caused a significant
mortality. These results indicate a limited ability of
cutthroat to recover in a fluctuating regime after exposure
to peak temperatures, but the authors noted evidence
of impaired growth that could lead to population effects
under the moderate fluctuating regime. Golden (1975,
1976) found very similar responses to peak temperatures
in a cyclic regime for coastal cutthroat trout (Oncorhynchus
clarki clarki). He found that mortality occurred with as
little as 8 hours constant exposure at 27.3 °C. Even more
interesting is that in a fluctuating temperature regime of
13 °C to 27.5 °C, with a prior acclimation in a 13 °C to
23 °C cyclic regime, 50 % mortality was produced in only
1.25 cycles. When the diel exposure cycle was increased
to 13 °C to 28 °C, only 0.75 diel cycles were required to
produce 100 % mortality. The UUILT was 25.0 °C for
this species (Golden, 1975), similar to most reports for
salmonids as well as that of Johnstone & Rahel (2003). The
study by Golden (1975), however, indicated that mortality
was a cumulative effect of multiple exposures to a cycle.

Sullivan et al. (2000) recommended growth modelling
under expected field food availability as a means of
calculating biological risk. They noted, as did Johnstone
& Rahel (2003), that sublethal effects such as feeding
impairment, behavioural avoidance and refuge seeking,
as well as competitive interactions, could cause additional,
unmodelled growth stress. This would suggest that
a 10 % growth impact level is not sufficient to protect
the population. Sullivan et al. (2000) estimated that the
7DADM temperatures that would result in a > 10 %
growth loss for coho are<13 °Cand >16.5 °C. The 7DADM
temperatures that would result in a > 20 % growth loss for
coho are<9°Cand >22.8 °C. These 7DADM temperatures

that produce a 10 % growth loss are comparable to a
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physical MWAT of < 13 °C and > 14.5 °C (Sullivan et al.,
2000). However, the biological MWAT for coho was
reported to be 18.3 °C. If a physical MWAT of 14.5 °C
causes a 10 % reduction in growth, one has to question
what an MWAT of 18.3 °C, calculated using the EPA (1973)
formula, hopes to achieve. Various case studies can show
more fully the failure of MWAT to protect salmonids.

Case study 1: rainbow trout (Oncorhynchus
mykiss)

The use of MWAT can be criticised in its application
both at an individual stream reach level and at an entire
watershed scale. At the scale of a stream reach, the use of
MWAT as a temperature standard has an impact of greater
than 20 % on growth rates and production, as illustrated
by the work of Hokanson et al. (1977) and Jobling (1997).
If applied at the level of the watershed, the potential for
impact to the entire community is magnified further
due to the methods that are most likely to be used for
implementing the standard. Much of the confusion about,
and resistance to, protective standards comes from a lack
of understanding of their application at watershed scales.
The concept of optimum temperature sounds either too
protective or too unrealistic to some people. They argue
that throughout the range of a fish species, individuals do
not find optimum conditions everywhere. Temperatures
typically increase as elevation decreases downstream,
and species tend to have their lower distribution limit
constrained by high temperature and increasing levels
of competition and predation from species more suited
to warmer waters. This would apply equally to the
historic range of a species, with an elevation along the
river continuum above which temperatures naturally do
not exceed the optimum and downstream of which the
temperature maxima do exceed the optimum but there is
no means, short of refrigeration (or release of cold water
from impoundments), to cool the water. So, because under
even historical conditions a biological optimum was not
the physical limit to the geographic range of the species in
the stream system, the proponents of this line of argument

reject the entire concept, without noting that means exist
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for establishing temperature targets on a basin scale in a
way that maintains the entire thermal profile supporting
all life history stages of the species (see EPA, 2003a; Poole et
al, 2004). These same proponents also argue that by using
sensitive species’” optimum temperatures, other species in
the thermal guild are not being protected. Under historic
thermal regimes existing at a basin scale, all historic native
species realised their ability to co-exist and use habitat
extensively. Historic coldwater habitats were not limited
only to headwater areas as is presently common but were
spatially extensive. Temperature increases in basins, and
shortening of suitable thermal habitats, are the primary
culprits in favouring species with warmwater needs as
opposed to coldwater needs.

Hokanson et al. (1977) advised caution in using
short-term exposure experiments to calculate long-term
exposures, such as with MWAT. They reported for O.
mykiss that, given a physiological optimum of 16 °C to 18 °C
and a UILT of 25.6 °C with a 16 °C acclimation, one would
calculate an MWAT of 19 °C and a maximum temperature
(applying the 2 °C safety factor of EPA, 1973) of 24 °C for
short-term exposure. (Note that Bear et al. (2007) reported
a UUILT for rainbow trout of 24.3 °C.) Measurement
of rainbow trout growth showed that at a fluctuating
temperature of 22 °C + 3.8 °C, specific growth rate was
zero and the mortality rate during the first 7d was 42.8 %
d?. For experiments with a fluctuating regime within the
optimum range 15.5 °C-17.3 °C, average specific mortality
was 0.36 % d*. Combining data on specific growth and
mortality rates, the authors were able to predict yield for
a hypothetical population under various temperature
regimes. A rainbow trout population would exhibit zero
increase in biomass (maintenance) over a 40-d period at a
constant temperature of 23 °C, as well as at a fluctuating
temperature with a mean of 21 °C + 3.8 °C, because growth
Several
sources report temperatures of 21 °C to 23 °C as the upper
limit of rainbow trout distribution in the field (Hokanson
et al, 1977), and a maximum of approximately 22 °C
to 24 °C for salmonid distribution (McCullough, 1999).

With this laboratory information and corroborating
field information, Hokanson et al. (1977) recommended

balances mortality in both thermal regimes.
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a mean weekly temperature of 17 °C + 2 °C for rainbow
trout so that maximum yield is not reduced more than
27 % under normal fluctuating temperature regimes.
Production was shown to be substantially reduced at
maximum temperatures just above the physiological
optimum. This paper has great significance. It was
published five years after the National Academy of Sciences
recommended the use of MWAT to establish prolonged
exposure temperatures. The NAS acknowledged that
growth rate should be expressed as net biomass gain or net
growth. Yield is that portion of the population available
for harvest and typically linked to production (Nielsen
& Richardson, 1996); the remainder is lost as mortality,
which can be substantial if temperatures are high. Also,
if temperatures are high, much of the energy assimilated
from food is lost as excessive metabolism. If the
biological MWAT is 19 °C, and yield is reduced 27 % from
maximum at a mean weekly temperature of 17 °C +2 °C
(where 17 °C is the constant temperature physiological
optimum), it is obvious that MWAT is not protective.

Jones et al. (2006) reported rainbow trout distribution
innortheastern Georgia streams in relation to temperature,
which was attributed to a combination of factors such
as riparian buffer cover, stream length, and elevation.
Probability of occurrence of young trout (comprising
rainbow trout and brown trout < 15 cm), reflecting
reproductive success, was related to water temperatures
(7DADM). Water temperatures <19.5 °C, 19.5°Ct021.5°C,
and > 21.5 °C were related to probabilities of occurrence of
>90 %, 50 % to 90 %, and 0 % to 50 %, respectively. Because
the probabilities of occurrence were those of young trout,
which tend to be more tolerant of warm water than for
adults of their species, the probabilities would express an
overly optimistic view of salmonid distribution. It is clear
from this study that a biological MWAT of 19 °C would
not be protective, given the expected associated maximum
temperatures. Rather, depending upon the relationship
between 7DADM and MWAT, it is likely that the
probability of occurrence would be in the 0 % to 50 % range.

Donato (2002) studied the temperature statistics
of 183 ‘relatively undisturbed’ stream sites throughout
the Salmon and Clearwater basins in central Idaho
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from 15 July-10 September, 2000. Hourly temperature
measures were converted to statistics such as MDMT
Maximum Daily Maximum Temperature) MWAT
(Maximum  Weekly ~Average Temperature), and
percentage of hourly readings during the 58-day period
that exceeded 22 °C. From the data provided in Donato
(2002), a regression of MDMT on MWAT was calculated
as MDMT = 0.9236 MWAT + 5.509 (R2 = 0.8295, n = 183).
For an MWAT of 19 °C (corresponding to the biological
MWAT of rainbow trout, O. mykiss), the predicted value of
MDMT'is23.1°C+3.0°C (95 % C.L). Aplotof percentage of
all days>22 °C on MWAT shows that at 19 °C MWAT there
were between 0 % and 5 % of all hours in the 58-day period
having temperatures > 22 °C. There was a straight-line
increase in percentage hours exceeding 22 °C as MWAT
increased from 19 °C to 25 °C. At an MWAT of 25 °C,
the percentage exceeding 22 °C was 45 %. The biological
MWAT for rainbow trout then carries with it, even in
‘relatively undisturbed’ streams, a maximum summer
temperature of 23.1 °C to 26.1 °C (based on 95 % confidence
limits) and up to 5 % of the 58-day period exceeding 22 °C.
Of course, even a one week period in this temperature
range may be sufficient to limit the distribution of rainbow
trout (or steelhead trout, O. mykiss). The mean MWAT
for 99 second and third order streams of the Salmon

McCullough, D.A.

and Clearwater was 15.4 °C, which corresponded to an
MWMT (Maximum Weekly Maximum Temperature)
of 18.7 °C (Table 3). Based on the thermal classification
applied by Jones et al. (2006), these streams would have
high probabilities of O. mykiss occurrence. One would have
to question, though, whether these minimally disturbed
streams in Idaho actually represent NTP (Natural Thermal
Potential) conditions given that even road densities of
2 and 4 kmkm? tend to increase the MWAT of streams
by 1.25 °C and 3.25 °C, respectively (Nelitz et al., 2007).

Additional support for the thermal limits to rainbow
trout distribution comes from Wehrly et al. (2007). For
Michigan and Wisconsin trout streams they showed that
the 95th percentile maximum daily mean temperature at
sites where rainbow trout were found was about 23.3 °C
as a 7 d exposure, while the 95th percentile maximum
daily maximum temperature was about 25.5 °C. In this
study and numerous others reviewed, the maximum
temperatures associated with distribution limits of
rainbow, brook, and brown trout ranged from 24 °C to
26.3 °C, essentially equivalent to the UUILTs of these
species (McCullough, 1999). If the biological MWAT of
rainbow trout is 19 °C, incurring a maximum temperature
up to 26 °C, this MWAT is not protective. The point of the
predictions of 95th percentile distribution temperatures

Table 3. Temperature statistics for 183 streams of the Salmon and Clearwater river i to determine a value just below the upper

basins, central Idaho (Donato, 2002).

Stream temperature metric

threshold beyond which a species cannot
exist. Although this limit and its correlates are

MDMT MWMT MWAT not good guidance for biologically-based
ond and 3rd order streams standards for salmonid temperature optima
No. of sites 99 98 99 (or suitable conditions), there is reason to
Maximum (°C) 295 289 234 believe that these values could be even lower.
Mean (°C) 197 187 154 Th.e extfensive g.;lacial. tlll .in Michigan and
4th and 5th order streams Wisconsin .promdes .s1gmﬁc'ant groundwa'ter
No. of sites 7 7 7 to streams in the region, which could provide
. frequent cold refugia (Gaffield et al, 2007)
Maximum (°C) 315 30.7 254
that could be up to 5 °C to 7.5 °C cooler than
Mean (°C) 22,6 21.7 183 i i )
ambient temperatures (Picard et al,, 2003), altering
6th and 7th order streams . .
) conclusions based on ambient temperatures.
No. (')f sites 1 1 1 It is often argued that studies such as that
Maximum (*C) 277 271 20 of Donato (2002) reveal that even minimally
Mean (°C) 243 237 225
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disturbed streams have high MWAT or MDMT
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values, so it would not be feasible for more developed
streams to provide high levels of support for coldwater
fishes. Donato (2002) states that her study in the Clearwater
and Salmon drainages of Idaho was based on minimally
disturbed or undisturbed streams, not significantly
affected by streambed disturbance, diversion, or riparian
vegetation removal. Also, this study was based on data
from a single summer having high air temperatures
and low streamflows. Despite the contention that with
the above caveats the statistical model represents NTP
conditions, the database includes numerous significantly
disturbed streams, which would significantly increase the
mean and maximum values for their respective stream
orders. GISanalysis of road densitiesin selected watersheds
within this USGS (US Geological Survey) database reveals
that road densities are at least as high as 345 km-km?
(Table 4). An extensive study conducted in the Columbia
River basin showed that of watersheds considered to
be of low forest integrity, the majority had what was
considered to be at least moderate road density (> 0.17
kmkm?) (Gucinski et al, 2001). The USGS database
includes three sample points in the Lemhi drainage
basin. The upper Lemhi watershed (upstream of
Lembhi, Idaho) has a drainage density of 1.41 kmkm?
In addition, the entire watershed has 2950 points of
irrigation diversion, 191 stream alteration permits, and
has 37 % of the non-riparian watershed area affected by
livestock grazing (NPCC, 2004a). Cattle grazing affects

the mainstem river, causing riparian vegetation loss, bank
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instability, and sedimentation. Irrigation return flows,
reduced summer flows, impaired riparian condition, and
high levels of sedimentation from roads, grazing, and
floodplain development cumulatively produce elevated
stream temperatures. Despite what might be considered
moderate road densities, overall watershed impacts lead to
significant deviation from NTP conditions (NPCC, 2004a, b).

A follow-up study of 34 ‘least-disturbed” streams in
the Salmon River basin of central Idaho (Ott & Maret,
2003) attempted to draw conclusions such as: streams in
Idaho frequently exceed State temperature standards even
when they are found in high quality watersheds; also,
these streams continue to support their beneficial uses. No
evidence was provided to indicate how well beneficial uses
were protected other than to imply maintaining species
presence. This study included streams such as Valley
Creek, which has a combination of impairments such as
a history of livestock grazing, water diversions, channel
alterations, and sedimentation (NOAA, 2004). The lower
Valley Creek site has an average summer diel temperature
variation of 11.1 °C, a maximum diel variation of 18.7 °C, an
MWMT of 22.6 °C, and an MWAT of 17.1 °C. Under these
conditions, there is a large difference between MWMT
and MWAT (ie. 55 °C). Even Sulphur Creek, which
is found in a wilderness area and has no sign of human
habitation, has water diversions and is recovering from a
history of livestock grazing (NOAA, 2004). In summary,
statistical models that purport to represent NTP conditions
may hide a multitude of anthropogenic impacts that lead

Table 4. Calculation of road densities within selected Idaho watersheds considered by Donato (2002) to be reference watersheds for

measurement of stream temperature reflecting natural potential.

Watershed Stream Road Watershed =~ Road density ~ Stream length Scale
order length (km) area (km?) (km/km?) (km)
Jim Ford 4 326.2 261.1 125 56.6 100k
Lawyer 4 528.6 553.7 0.95 83.0 100k
Lemhi (entire) 5 1611.7 32484 0.50 787.2 100k
Lembhi (upper) 4 1151.1 816.0 141 152.2 100k
Pete King 3 246.2 713 345 269.5 24k
Potlatch, East Fork 3 2373 160.7 148 416.2 24k
Skookumchuck 3 2319 849 273 112.0 100k
Whitebird, North Fork 3 256.5 854 3.00 95.6 100k
Whitebird, South Fork 3 255.8 92.8 276 117.5 100k
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to improper conclusions that high MWATs are the norm

for streams in the heart of coldwater fish native ranges.

Rainbow trout Realised Thermal Niche

The thermal niches of 16 species of aquatic vertebrates
in a total of 199 first- to third-order streams throughout
Oregon were surveyed using single-pass electrofishing
to assess relative abundances of species in relation to
the 7DADM water temperature (Huff et al,, 2005). Two
thermal niche indices were calculated for each species. The
Realised Niche Centre (RNC) for each species is the mean
temperature for the species in the stream reaches where it
was found, weighted by the species relative abundance.
The Realised Niche Width (RNW) is equal to the RNC
plus or minus one weighted standard deviation, where the
deviation of water temperature from the RNC is weighted
by the species’ relative abundance. In line with thermal
niche theory, both indices are weighted by species’ relative
abundance as species tend to be most abundant near
where their optimum temperature is expressed.

Thermal niches of the 16 aquatic species co-occurring
throughout Oregon were defined for five geographic
regions — the North Coastal basins, South Coastal,
Coast Range ecoregion, Cascades ecoregion and Blue
Mountains ecoregion — extending from coastal to
central and northeastern Oregon. For rainbow trout
the RNCs (in terms of 7DADM temperatures) ranged
from 14.0 °C to 19.5 °C, depending upon the region,
whereas the RNWs (upper limit of the range, 7TDADM
temperatures) ranged from 16.0 °C to 22.4 °C. Mean RNC
and mean (upper limit) RNW were 16.0 °C and 19.7 °C,
respectively, for all regions combined (Huff et al., 2005).

In the Coast Range basins, the RNC and upper
RNW limits were 14.9 °C and 17.6 °C respectively. This
indicates that one standard deviation is 2.7 °C for Coast
Range populations and hence, assuming a normal
distribution, only about 15.8 % of the population would
occur at temperatures greater than 17.6 °C (the upper
RNW limit, as a 7DADM value). The biological MWAT
for rainbow trout obtained from EPA (1986, i.e. the ‘Gold
Book’) is 19.0 °C. Converting this MWAT to a 7DADM

value can be approximated using various sources.
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Temperature index conversion equations for small Idaho
streams from Hillman & Essig (1998) provide a 7DADM
value of 22.3 °C for a biological MWAT of 19.0 °C, with
Dunham et al. (2001) indicating a value of 22.2 °C. Such
temperatures would be 2.7 standard deviations above
the RNC, meaning that an extremely small percentage
of the population would be found at temperatures
above the MWAT. For the Tucannon River, Washington,
at rkm 56 (approximately the mid-point of the river
length), an 11-year temperature database (obtained from
Washington Department of Fish and Wildlife) yielded a
regression equation of 7DADM = 1.0001 MWAT + 2.0997.
This river site, which is probably larger than the streams
reported by Hillman & Essig (1998) and Dunham et al.
(2001), had a 7DADM of 21.1 °C, or close to 2 °C greater
than the MWAT value, instead of approximately 3 °C.

It might be assumed that in some locales rainbow
trout would be either fitter in warmer streams, or might
have varied levels of competition due to a changing fish
community composition. The data from Hulff et al. (2005)
for the Blue Mountains (Oregon) ecoregion indicate a
rainbow trout RNC of 19.5 °C and a RNW of 22.3 °C (both
as a 7DADM). This reveals that one standard deviation
in the thermal niche is 2.9 °C, and hence one would
expect only 158 % of the population to be found at
temperatures greater than 22.3 °C, which corresponds
closely to the MWAT for rainbow trout of 19.0 °C
using the conversions of Hillman & Essig (1998) and
Dunham et al. (2001). So, even in the Blue Mountains,
a very small portion of the rainbow trout population
is found at temperatures greater than the upper
RNW limit, which corresponds closely to the MWAT.

The distribution of a combination of rainbow and
brown trout in Montana streams revealed an upper
distribution limit of approximately 20 °C MWMT
(=7DADM ) for all sites with these species, whereas the
upper field limit for westslope cutthroat trout was about
16 °C (Sloat et al, 2002). As shown previously for all
other Oregon sites studied, application of the Gold Book
MWAT would be highly disadvantageous. Further, if
an attempt is made to use redband trout UUILT values

in lieu of standard rainbow trout UUILT values, an even

DOI: 10.1608/FR]-3.2.4



Are fish populations being protected by temperature standards?

171

higher biological MWAT would result. 30
This site-specific standard, using the

EPA Gold Book convention, would 25
produce an even greater divergence &
between the RNW observed in the :: 20
field and MWAT values taken as E

protective of summertime growth.

Dunham et al. (2005) conducted a
statistical analysis of 1252 temperature

records from streams in the Pacific
Northwest and the northern Great

Basin to derive correlations between

Oto2

important ~ temperature
Statistics were computed for summer
(15 July—15 September), which was considered to be the
period in which maximum temperatures are exhibited.
This study revealed that the greater the average daily
temperature range during the summer, the weaker the
corrrelation between MWAT and MWMT (ie. 7DADM,;
Fig. 1). Similar conclusions can be drawn from the data
accompanying the report by Ott & Maret (2003) for 183
stream sites in the Salmon River basin, Idaho. If one were
to take the EPA (1986) MWAT value for protection of
rainbow trout (19 °C), it would correspond to an MWMT
of 19.9 °C when there is no more than a 2 °C daily variation
in summertime water temperature, but an MWMT of
22.3 °C where the average daily range is between 4 °C
and 6 °C, and an MWMT of 28.0 °C where the average
daily range is > 12 °C (Dunham et al., 2005; Fig. 1). This
study shows clearly that the level of protection afforded
by MWAT as a biological standard in the field varies
greatly with the average daily temperature range. Those
streams having a large daily temperature range would
tend to be those that are lacking riparian cover or have
highly damaged channel structure (Poole & Berman, 2001).
Consequently, in streams that are most severely thermally
affected, the coldwater biota would suffer the most by use
of a biological MWAT as a temperature standard because
of the inability of this index to adequately reflect the
maxima experienced by the biota. It might be countered
that this merely indicates the need to have a standard

for acute as well as chronic temperatures. However, this
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metrics. Figure 1. The variation of MWMT for an MWAT value of 19 °C as average daily water
temperature range varies during the summer. Derived from data in Dunham et al. (2005).

raises the question of how high a MWMT limit should
be. Should it be equal to the upper RNW limit? How
would this serve to protect salmonids if applied in the
field? And what biological objective would MWAT serve?

Case study 2: Lahontan cutthroat trout
(Oncorhynchus clarki henshawi)

Eaton et al. (1995a) created a large database that matched
fish distribution in the field with average daily water
temperature as a means to estimate field thermal tolerance
limits for over 300 fish species. Fish collection records at
specific geographic locations for a specific year were then
associated with USGS water temperature data available
for the same year that were found within 7.5 km (15 km
according to Eaton et al., 1995b). Thermal tolerance limits
for individual species were then calculated from a database
of at least 1000 fish/temperature (F/T) data pairs of MWAT
temperatures. From this database, the 95th percentile
temperature was taken to represent the field thermal limit.
For cutthroat trout, this limit was 23.2 °C.

Dunham et al. (2001) associated the distribution
of Lahontan cutthroat trout (O. clarki henshawi) with
water temperatures found within 0.3 km of fish sample
locations, a much more precise spatial association even
though their sample sizes were much smaller (< 100).
They found that the average MWAT associated with the
distribution limit for all sample streams was 17.5 °C; the
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maximum MWAT limiting distribution was 20.9 °C. It
is likely that the discrepancy in MWAT temperatures
between Eaton et al. (1995a) and Dunham et al. (2001)
could be caused by a combination of factors. The larger
sample size in the study by Eaton et al. (1995a) could have
included more F/T associations at the extremes. MWAT
temperatures found within 7.5 km (or 15 km) could easily
be downstream of fish field distribution limits, or skew the
temperatures due to the spatial variation in temperatures
typical of stream systems (Boyd & Kasper, 2003). Also,
the temporal F/T matching appears to have a resolution of
about one week, within which time fish may temporarily
move upstream to avoid adverse temperatures.

Dunham et al. (2003b) reported that the distribution
of Lahontan cutthroat was associated with maximum
daily temperatures of 18.9 °C to 28.5 °C, depending upon
the stream. Distribution was predominantly linked to
temperatures < 26 °C. Sublethal stress induction has been
reported at temperatures > 22 °C (Dickerson & Vinyard,
1999; Meeuwig, 2000) in the laboratory under optimal
conditions. Consequently, Dunham et al. (2001) caution
that F/T associations, even at their 0.3 km resolution,
may not well-represent the exposure duration. A study
of Lahontan cutthroat distribution in the Willow Creek
drainage of southeastern Oregon (Talabere, 2002) showed
that fish aged 1, 2 and 3 years all showed a marked decline
in density with increasing temperature in free-flowing
stream reaches. A 7DADM temperature of 22 °C was
associated with a steep rate of decline in fish density.
Density was nearly zero at a 7DADM of 24 °C. At the site
corresponding to the near absence of Lahontan cutthroat
(where the 7DADM was 24 °C), the mean hours/d
above 22 °C, 24 °C and 26 °C was 5, 2 and < 0.5 hours
respectively. In the reaches with 7DADM temperatures
of 21 °C to 22 °C, mean hours/day exceeding 22 °C and
24 °C averaged about 1.5 and 0.5 h d? respectively. At
these locations fish density was dramatically greater.

Other cutthroat subspecies have lower maximum field
distribution limits. Westslope cutthroat (O. clarki lewisi)
occurred in Montana streams only where maximum daily
temperatures were < 16 °C and mean daily temperatures
were typically < 12 °C (Sloat et al.,, 2002). However, the
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centre of distribution for all westslope cutthroat sites had
daily maximum temperatures of 10 °C to 12 °C. The
UUILT and optimum growth temperatures for westslope
cutthroat are 24.7 °C and 13.6 °C respectively (Bear et al.,
2005). Applying the EPA (1973) formula, the biological
MWAT would be 17.3 °C. Although this biological MWAT
is calculated for westslope cutthroat, it is nearly equal to
the 17.5 °C physical MWAT associated with average field
distribution limits of Lahontan cutthroat (Dunham et al.,
2001). For Lahontan cutthroat, growth rates (g-g-d') were
greatest at a constant temperature of 12 °C in comparisons
of constant temperatures of 12 °C, 18 °C and 24 °C vs.
fluctuating temperatures of 15 °C to 21 °C (mean of
17.5 °C) and 12 °C to 24 °C (mean of 17.2 °C) (Meeuwig
et al, 2004).
regimes were approximately 0.019, 0.017, -0.002, 0.013 and

Growth rates under these temperature

0.008 g-g*-d™* respectively, based on a 20 g initial mass. The
maximum growth rate (0.019 g-g™-d?) was comparable to
the growth rate model for coho by Sullivan et al. (2000) at
approximately 70 % ration. The study by Meeuwig et al.
(2004) revealed that cyclic diel variation with 24 °C as a
peak daily temperature produced a growth rate that was
less than half that of the two coolest constant temperatures
tested (12 °C and 18 °C). Also, the mean temperature of
both cyclic regimes was nearly identical to the biological
MWAT calculated for westslope cutthroat (17.3 °C).
This MWAT would produce a 31 % to 58 % reduction in
growth rate from optimum levels, given the cyclic regimes
studied. These regimes represent the biological MWAT
of 175 °C + 25 °C and + 5.5 °C - levels of fluctuation
well within the range expected for many streams.

These results were similar to those of Dickerson &
Vinyard (1999) who found that Lahontan cutthroat had
highest growth rates at 13 °C constant temperature,
although not significantly greater than at 20 °C or 22 °C.
At a constant temperature of 24 °C, growth rates were
barely above zero. Growth rates (7-d exposures) at 23 °C
versus a fluctuating regime of 20 °C to 26 °C (mean of
23 °C) were not significantly different and were about
40 % of those at 13 °C to 20 °C. This indicates that even
brief exposure in a cyclic regime to temperatures above

those capable of producing high growth does not confer
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a growth advantage. Fish held at a constant 26 °C (7-d
exposure) had only 64 % survival, indicating that the
UUILT would be a value probably slightly less than this,
similar to westslope cutthroat and most other salmonids.

Case study 3: coho salmon (Oncorhynchus
kisutch)

It is also possible to illustrate the failure of MWAT to
protect coho salmon. The growth optimum for coho fed
at maximum ration (i.e. to satiation) is 15.0 °C (Edsall et al,,
1999). The UUILT for cohois 25.0 °C (Brett, 1952). With the
EPA (1973) formula, the biological MWAT is calculated as
18.3 °C. In tributaries of the Mattole River, California, the
relationship between the physical MWAT and MWMT is
MWMT = 1.363 MWAT - 4.464 (calculated from Welsh et
al., 2001). Hence if MWAT is 18.3 °C, MWMT is 20.5 °C.
The MWMT is identical to the 7DADM, a statistic used
by EPA Region 10 (Pacific Northwest) (EPA, 2003a). The
regression between MWAT and MWMT developed by
Hillman & Essig (1998) for bull trout streams in Idaho
predicts that if MWAT is 18.3 °C, MWMT is 21.5 °C, a
result comparable to that derived using data from Welsh
et al. (2001) for the Mattole River, California. In tributaries
of the Mattole River, when MWMT was greater than
18.1 °C, coho were absent. All streams with MWMT
< 163 °C had coho. This means that if the biological
MWAT of 18.3 °C is used as a standard, the corresponding
physical MWMT that would accompany a physical
MWAT of this value would eliminate the species. It is
clear that MWAT is not a protective standard, either at
a site for individual coho protection or at a basin scale
for population protection. Indeed, concerns over the
sub-lethal and chronic effects of exposure to MWAT
temperatures in salmon of the Pacific Northwest, led the
EPA (2003a) to recommend a summertime (core juvenile
rearing) 7DADM of 16 °C for this region, rather than the
MWAT derived from the ‘Gold Book’ formula, to protect
all coldwater salmon and trout other than bull trout (colder
optimum growth temperature) and Lahontan cutthroat

(warmer optimum).
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Madej et al. (2006) discovered that coho in Redwood
Creek, California, were confined to the lower 20-km of
the river where MWMT and MWAT remained below
approximately 22 °C and 20 °C, respectively, due to the
transition of the mainstem into the coastal redwood
fog belt. Snorkel surveys conducted in 2003, however,
revealed only 29 young-of-year and 12 age 1+ coho. These
fish were predominantly found in side pools separated
from the main channel by gravel bars that trapped cold
water from seeps or upwelling groundwater. Historically,
the middle reaches of Redwood Creek were excellent
habitat for coho production, but after extensive logging
starting in the 1950s, the conifer cover was reduced from
86 % along the mainstem to only 15 % by 1997. The lower
20 km reach with old-growth riparian forest remained
intact and accounts for retention of coho production in
only 20 % of the historic coho range in Redwood Creek.
Absence of coho from the middle reaches was associated
with MWAT temperatures greater than 20 °C and (based
on data from thermal infrared (TIR) remote sensing) with
surface water temperatures greater than 24 °C. This study
points out that surface temperatures are greater than
temperatures measured by instream thermistors, and
the fish tend to be located in the coldest thermal refugia
available. The extremely weak population size and high
reliance on cold refugia make linkage of coho presence to
average river temperatures for entire stream zones risky.
Madej et al. (2006) found that in addition to the MWMT
and MWAT indices, the transition from minimal coho
presence to complete absence was also linked to the longest
number of consecutive hours of temperatures > 18 °C.

The EPA (2003a) standard for salmon of 16.0 °C
(measured as a 7DADM) in core rearing areas is similar to
the MWMT of 16.3 °C cited by Welsh et al. (2001), which
those authors found to be a critical threshold for the
presence of coho. With such a small difference between
the growth optimum of 15 °C and the maximum critical
temperature for field distribution, it is clear that regulatory
procedures would be needed to ensure that temperatures

are not raised much beyond the growth optimum.
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Case study 4: bull trout (Salvelinus
confluentus)

Another clear illustration of the failure of MWAT to
protect fish species can be seen by examining bull trout
temperature data. This example uses recent studies
that provide data for growth optimum (GO), UUILT,
field-based distribution limits in terms of maximum daily
temperature, calculated biological MWAT (i.e. based on
the NAS method), a regression of field-based MDMT vs.
MWAT in the field, and another field study that related
bull trout abundance and age diversity vs. MWAT. This
set of data clearly indicates that the biological MWAT (the
so-called protective temperature) is nothing more than
the temperature associated with elimination of the species
from the streams studied.

As a live example of the scientific debate in using
either optimum growth temperature or MWAT as the
temperature criterion, examine the case of bull trout
protection in Idaho. Bull trout are the most cold-sensitive
salmonids inhabiting extensive areas in Oregon,
Washington, Idaho, Montana and parts of Nevada. In 1996,
EPA rejected Idaho’s 1994 water temperature standard of
22 °C maximum daily temperature and 19 °C as an MWAT,
for inadequacy in protecting bull trout. In June 1997,
Idaho proposed a bull trout standard of 12 °C as an
MWAT value or 15 °C as a MWMT value (EPA, 1997).
In July 1997, EPA promulgated a standard of 10 °C as
a 7DADM. Oregon had also conducted a technical
review of its bull trout standard and had recommended
an upper temperature of 10 °C as a suitable rearing
standard (Buchanan & Gregory, 1997). EPA Region 10
subsequently recommended 12 °C as a 7DADM criterion
after another technical review (EPA, 2003a), and this
standard was adopted by Oregon (EPA, 2003b). Idaho,
however, never implemented the 10 °C standard in 1997
and has not adopted the revised 12 °C 7DADM standard
either. In 1998, Idaho’s Department of Environmental
Quality (DEQ) made a conclusion on temperature criteria
necessary to protect bull trout (Hillman & Essig, 1998):
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...we find that MWATSs of 14.7 °C to 16.7 °C and short-term
(24 hour) maximum temperature criteria of 20 °C to 21 °C
should adequately protect juvenile bull trout rearing habitat.
In 2001, Idaho adopted an MWMT (7DADM)) of 13 °C as
its standard. In the EPA’s (2003a) regional temperature
criteria process, Idaho urged that 13 °C be taken as the
maximum 7DADM temperature (IDEQ, 2002) and cited
Gamett (1999) as support, although Gamett (2002) stated:
Bull trout were always present where mean temperature
was less than 10.0 °C, were present at 40 % of the sites
where mean temperature was between 10.0 and 12.0 °C, but
were not present where mean temperature was greater than
12.0 °C.
Idaho's current bull trout-rearing temperature standard
remains as a 7/DADM (MWMT) of 13 °C and is not likely
to change to comply with EPA guidance unless it elects to
include a review of temperature standards in the triennial
review of water quality standards.

In selecting 12 °C as a 7DADM (or MWMT) standard,
EPA (2003a) considered recent laboratory evidence on
growth rates for bull trout, in the context of food availability
for bull trout under field conditions. A laboratory study
by Selong et al. (2001) showed a maximum growth rate
at 13.2 °C and a UUILT of 20.9 °C which, given a growth
optimum (GO) of 13.2 °C and a UUILT of 20.9 °C (Selong
et al,, 2001), yields a calculated biological MWAT value
of 15.7 °C. However, bull trout in this study were fed to
satiation on food of extremely high nutritional content
and it is known (Elliott, 1981) that the optimum growth
temperature declines as daily ration declines. At any fixed
ration, the growth response curve is bell-shaped with a
peak at the optimum temperature. The optimum zone
may be relatively broad in some species, with growth
rates not deviating more than 5 % over a temperature
range of a few degrees (Bear et al., 2007). However, at both
colder and warmer temperatures beyond the optimum
range, there can be sharp declines in growth rates (Brett
et al,, 1969, 1982; Elliott, 1981, 1994). Temperatures lower
than the optimum may produce growth rates that are
comparable to a corresponding temperature greater than
the optimum, but it is not necessarily the case that the

biological consequences of these identical growth rates
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are comparable. At high temperatures above optimal,
sublethal effects such as diminished growth rates become
more pronounced, but disease and impaired reproductive
success can also occur. Very low growth rates at cold
temperatures could result in an additional year of
freshwater-rearing in anadromous species that, on a life
cycle basis, would expose the fish to extra overwinter
mortality. However, if a comparably low growth rate
due to high temperatures occurred, the fish may likewise
need an extra summer of rearing to achieve smolt size,
and consequently be subject to an extra overwinter
mortality period. The difference is that these fish, rearing
on the warm side of the growth peak, could accumulate
sublethal stress and not be able to store sufficient levels
of lipids upon entering winter to enable overwinter
survival (Hokanson, 1977). With this evidence and
given the low food availability considered to be likely
for many trout streams (Gamett, 2002, Willey, 2004;
Larsson, 2005), 11 °C or 12 °C were considered to be more
appropriate standards by most members of the EPA Region
10 technical committee and the Region thus opted (EPA,
2003a) for 12 °C as a 7DADM for the Pacific Northwest
to account, to a limited degree, for low food availability.

Hillman & Essig (1998) developed regression
equations for pairs of key temperature statistics for Idaho
streams. Their relationship between the physical MWAT
in Idaho streams and the MWMT is MWMT = 1.15 MWAT
+0.41; their regression associating MWMT and MDMT
is MWMT = (MDMT - 0.15)/1.04. Hence, if the biological
MWAT is 15.7 °C, the MWMT is 18.5 °C; and if the MDMT
is 21 °C, the MWMT is 20 °C. Dunham et al. (2003a)
determined from surveys in Washington that the MDMT
associated with the bull trout distribution limit (probability
of occurrence < 5 %) was approximately 21 °C. This
implies that, if the MWMT is 20 °C, there is less than a 5 %
chance of occurrence of bull trout. The biological MWAT of
15.7 °C is comparable to an MWMT of 185 °C. This
indicates that there is very little difference between the
biological MWAT (comparable to MWMT of 185 °C)
and a temperature that results in low probability of
occurrence (i.e. an MWMT of 20 °C or MDMT of 194 °C).
Reference to Dunham et al. (2003a) indicates that the
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probability of occurrence ranges from 0.15 to 0.30 at this
temperature. In addition, the UUILT (20.9 °C) is only
slightly greater. Selong et al. (2001) determined the latter
from a 60 d constant temperature exposure instead of a
7 d exposure. However, the fact that virtual elimination
of the species under natural stream conditions occurs
at an MWMT of 20 °C indicates that it is likely that the
combination of direct thermal effects on bull trout, and the
increased biotic interaction of bull trout with more tolerant
species near the upper temperature limits, contribute
to the elimination of the species downstream. An even
steeper rate of decline than that found by Dunham et
al. (2003a) in bull trout probability of occurrence, with
temperatures between 12 °C and 20 °C MDMT, was
determined from a survey of 34 least-disturbed streams
in the Salmon River basin of Idaho (Ott & Maret, 2003).

Illustration of the problem with
temperature exceeding the growth optimum

Differences between MWAT and MWMT (or 7DADM)
can range from 0-2 °C to greater than 12 °C (Dunham
et al,, 2005). Consequently, if MWAT is adopted as a
protective target, the MWMT that accompanies it can vary
greatly from stream to stream. Field-based temperature
limits to fish distribution are typically associated with
an upper temperature limit. Despite the concept that
a fluctuating temperature regime can counteract the
negative effects of temperature excursions above optimum
levels and approaching UUILT by night-time recovery as
temperatures decline (e.g. Johnstone & Rahel, 2003), cyclic
regimes with greater amplitudes of variation increasingly
impair growth rates. A major concern about adopting
MWAT as the standard under this cyclic temperature
framework is that MWAT is not an optimum temperature
by definition. Consequently, the diel thermocycles have a
mean temperature higher than optimum and reach peaks
that can vary greatly according to the magnitude of the
differences between MWAT and MWMT.

Hokanson et al. (1977) showed the effect of fluctuating
temperatures where the mean of the fluctuating regime
exceeded the growth or physiological optimum. Jobling

Freshwater Reviews (2010) 3, pp. 147-199



176

(1997) illustrated that fish growth rates increase with
constant temperature to a maximum and then decline
as temperatures rise above this optimum temperature.
Jobling’s generalised illustration based on reviews of
numerous fish species under fluctuating regimes is based
on feeding to satiation. By determining growth rate
under constant vs. fluctuating temperatures, where each
thermocycle has a mean equal to the constant temperature
and varies by +2 °C to +3 °C around the mean, the ratios of
growth under cyclic/constant temperatures can be plotted
against temperature (°C). Although in Jobling’s conceptual
figure, growth rate is maximised at approximately 20 °C, the
crossover point where the growth rate ratio cyclic:constant
equals 1.0 is 16 °C. At the crossover point, when the
maximum diel temperature is increased from 2 °C to 3 °C
above the daily mean (equal to the constant temperature
growth optimum), the fluctuating temperature regimes
underperform the constant temperature regime and the
performance declines as theamplitude of the cycleincreases.
Fluctuating regimes with larger amplitudes of variation
provide lower growth rates than fluctuating regimes with
less variation and the magnitude of impairment increases
with extent of exceedance of the growth optimum.
Another way to look at this is that to achieve parity in
growth rates under fluctuating and constant regimes, the
fluctuating regime must have a mean less than the growth
optimum at constant temperatures. This is in contrast to
the common recommendations of States to adopt MWATs
that are substantially higher than the growth optimum.

Graphical explanation of the use of MWAT
relative to optimum temperature as a
temperature standard under field conditions

The implications of the use of various temperature criteria
under field conditions can be represented in a hypothetical
longitudinal temperature pattern for a pristine stream
(Fig. 2). For example, assume that a stream flows from
its headwaters 40 km to its mouth. In the headwaters,
the highest 7DADM (ie. MWMI) temperature is
approximately 9 °C; at the mouth this temperature is
approximately 27 °C. The longitudinal temperature

pattern increases monotonically over the 40 km mainstem
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but begins to level out at approximately rkm 15. Bull trout
are assumed to inhabit this hypothetical watershed. The
bull trout OT is 13.2 °C at full rations (Selong et al., 2001)
and assumed to be 12 °C at field rations (EPA, 2003a).
Given near optimum temperatures of 12 °C to 13.2 °C,
the core rearing zone under historic NTP (natural thermal
potential) conditions would have extended from rkm 27 to
rkm 32, with a 7DADM of 20 °C at rkm 17.5 (Fig. 2). Then
assume that this watershed was developed broadly over its
geographic extent, resulting in the 7DADM temperature
for all points along the entire mainstem length now being
elevated approximately 2.5 °C above the site-specific NTP.
This results in the temperature trend exceeding the 20 °C
7DADM temperature (i.e. the temperature causing virtual
extirpation of bull trout) at rkm 22.5. This means that
there is a 5 km loss in historic marginal rearing habitat. Of
even greater concern is the fact that the optimum growth
temperatures are now found only between rkm 37 and 40,
whereas historically they occurred between rkm 27 and 32.
Due to channel gradient, however, the mainstem between
rkm 37 and 40 is unusable by bull trout.

Under historic pre-development conditions in this
scenario, channel gradients as well as maximum 7DADM
temperatures were optimal between rkm 27 and 32
(the core growth zone), but under current conditions,
the core growth zone (ie. the channel with optimal
gradients) has temperatures exceeding optimum growth
temperatures for its entire length. One might argue
that maximum daily temperatures within 2.5 °C of a
maximum summertime 7DADM temperature equal to
the optimum growth temperature do not occur for many
days per summer and not for many hours per day, so if
fish can tolerate adverse growth conditions for a month
or two, growth compensation can overcome the poor
summertime growth. However, with the longitudinal
temperature patterns depicted in Fig. 2, the current,
developed condition always has at least 5 km less usable
habitat than the NTP condition. Implicit in this diagram
is that if we adopt 12 °C as a biologically-based standard,
this standard should not be exceeded on average for the
NPT condition at rkm 32 (i.e. the upstream end of the

core rearing zone). Under current, developed watershed
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conditions, a 7DADM of 14.5 °C should be reached on
average annually during the summer at rkm 32. But with
development comes a greater likelihood of more variable
annual 7DADM temperatures (Poole & Berman, 2001).
Consequently, even though the upstream end of the core
rearing area would reach 2.5 °C above optimum annually,
there is greater probability that the annual exceedance
of optimum would at times be greater than 2.5 °C.

For bull trout in this hypothetical stream under NTP
conditions, the mainstem from rkm 17.5 to rkm 35 was
usable during the peak in summertime water temperature
conditions due to the combination of suitable channel
gradient and temperature conditions. The hypothetical
watershed was uniformly developed, leading to a 2.5 °C

temperature increment throughout the entire mainstem
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length. After the watershed was developed, thelower limits
of distribution were reduced by a distance of 5 km. This
means that of the 17.5 km of historically occupied habitat,
28.6 % of the channel length is no longer usable. This is
the lower mainstem section, which is wider and therefore
contributes disproportionately to total instreamhabitatarea.

For the annual warmest 7-day period on average,
the developed watershed has a longitudinal temperature
pattern with 7DADM values that are greater than the
field optimum growth temperature (12 °C) as well as the
optimum at full ration, at all locations physically suitable
for bull trout in terms of temperature and gradient.
The annual NTP temperature distribution pattern can
also be viewed in terms of 7DADM values at specific

locations in a thermal continuum (downstream field
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Figure 2. Hypothetical longitudinal distribution of water temperatures (long-term average of annual maximum 7DADM) in a bull trout
stream system under natural thermal potential (NTP) conditions and developed watershed conditions with an anthropogenic temperature

increment.
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distribution limit, Fig. 3a; optimum growth temperature,
Fig. 3b). The long-term average July and August 7DADM
values (Fig. 3a, b) are similar to the long-term maximum
annual 7DADM values for representative points in the
longitudinal mainstem path (Fig. 2). At the downstream
distribution limit under developed conditions, the
long-term average 7DADM is 20 °C + 1.5 °C (or + 2SD)
(Fig. 4a) and this occurs at tkm 22.5. At the location in
the mainstem where the NTP is equal to the field-based
optimum growth rate temperature (Z/DADM of 12 °C,
at rkm 32), the current condition (developed) is 14.5 °C
+ 1.0 °C (or + 2 SD) — a realised 7DADM for this location

McCullough, D.A.

(Fig. 4b). The July-August temperature peak is fairly broad
so that occurrence of maximum daily temperatures near
the annual maximum 7DADM at any location are common
for extensive periods during the growth season, which can
limit growth for multiple days. This can be seen more
clearly by examining the daily maximum and minimum
As 7DADM
temperatures approach the UILT downstream, the

temperatures during July and August.

cumulative impairment from multiple consecutive days
of exposure begins to impose an increasing mortality load.

In the hypothetical example, if the bull trout biological
MWAT (15.7 °C) is used as a physical MWAT to specify
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Figure 3. Hypothetical seasonal distribution of water temperatures (long-term average of monthly 7DADM) in a bull trout stream system
under natural thermal potential (NTP) conditions at (a) the downstream field distribution limit (rkm 17.5) and (b) the site of optimum

growth rate under average field rations (rkm 32).
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the maximum temperature permitted in the river
continuum, the biological MWAT converts to a physical
7DADM of 18.5 °C. This value occurs in the developed
watershed at rkm 24 whereas under NTP conditions
this would have occurred at rkm 20 (Fig. 2). Under
current conditions, the 20 °C downstream bull trout
distribution limit occurs at rkm 22.5. This indicates that
if the biological MWAT value is used as a temperature
standard as proposed in EPA (1973) methodology, there
is less than 1.5 km of usable habitat that would physically
be incapable of achieving the MWAT value or better under
current developed conditions (i.e. tkm 24-rkm 22.5). An
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MWAT target (or any biologically-based standard) that
cannot physically be achieved is typically criticised as
being indefensible and unrealistic. But a critical issue
is whether a standard intended to protect fish should
always be attainable throughout the entire current range
or the entire historic range. In the full historic range in
the hypothetical example, the biological MWAT cannot
physically be achieved between rkm 17.5 and rkm 20
(see NTP longitudinal pattern). Does this mean that the
only ‘realistic’ standard is one that results in a complete
downstream end to the population distribution (i.e. 20 °C
as a 7DADM)? One would have to determine what the
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growth rate occurs under average field rations and NTP conditions (rkm 32).
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size of the watershed is to which this 20 °C standard
applies. Does it apply at rkm 17.5 or rkm 22.5? If, for
current conditions, we simply state that the standard
is 20 °C and it applies at tkm 22.5, this means that the
multi-year average 7DADM value that occurs at the lower
distribution limit is the biological standard. This simply
means that the current temperature trend is the status-quo
standard for the future. If we make the biological MWAT
(i.e. 18,5 °C as a 7DADM) the basin standard and apply it
at rkm 24, it would merely reinforce the condition where
the current degraded thermal regime for the basin is the
target. If we require that this MWAT applies at rkm 22.5
(the current downstream end of the bull trout distribution),
we would in effect adopt a standard that requires
approximately a 1 °C reduction in the longitudinal trend
(i.e. dropping the entire trend line by 1.5 °C). Itis currently
elevated by 2.5 °C. Only by applying it at rkm 20 would
we be specifying a longitudinal pattern comparable to
the NTP. It is clear that no single temperature standard
applies effectively at all points in a river continuum.
Rather, multiple check points related to the NTP are
needed to control longitudinal temperature increases
and create a set of targets for basin-scale restoration.

If a bull trout biological MWAT is specified for the
basin and is required to be met at rkm 24, one could
conclude that the current degraded regime is adopted.
However, when management decisions arise concerning
the allowable temperature increases permitted between
rkm 24 and rkm 35, it is typically decided by reference
to the basin standard. So, if the standard is the MWAT,
cumulative increases up to this value might be permitted.
This prospect, of a compounding set of land management
actions over time on basin temperatures and the elevation
of the longitudinal trendline in VDADM values, prompted
Oregon and Washington to adopt a 7ZDADM standard for
various control points on river networks and for Oregon
to adopt a maximum allowable increase that is specified
as a maximum due to all combined upstream impacts
at the point of greatest effect. This is a cumulative effect
standard that requires tracking all point and non-point
source impacts distributed in a basin. Washington has
an allowable cumulative effect limit, but it is 2.8 °C in
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comparison to the 0.3 °C limit in Oregon. Other States
have attempted to control the magnitude of temperature
increases via simple standards for allowable increases,
which in the cases of some States can be relatively
small. But the ability to control cumulative effects with
this method, which imposes no limit on the number of
increases, is limited. Application of a single numeric
limit such as MWAT for an entire drainage basin does
not limit all points upstream within the distribution of
a coldwater species to a standard less than MWAT. If
MWAT is then exceeded at a fixed control point at the
downstream distribution limit, it would be difficult for
most States then to look headward in a river system for
the points or zones of thermal increase that caused this
exceedance downstream. Standards that emphasise
allowable increase over natural could theoretically refer
to NTP as natural.

over ambient are more prone, by definition, to consider

Standards for allowable increase

the background standard simply as that temperature
found upstream of a discharge under consideration.

Growth rates vary with temperature and describe
approximately an inverted parabola.  Growth rate
vs. temperature curves can be very peaked or broad
depending upon species (e.g. Bear et al., 2007) or juvenile
life stage (e.g. Brett et al., 1969). It has been assumed that
the process of calculating MWAT would be one that would
identify a point on the ‘shoulder’ of the growth curve that
represents the upper end of optimum. This conceptually
would be a temperature above the centre of the optimum
range but one that has nearly the same growth rate. This
situation is depicted in Fig. 5. The centre of the optimum
range for the bull trout example is at 13.2 °C, assuming
feeding at full ration (Selong et al., 2001) (Fig. 5, point a).
The UUILT for bull trout was measured by Selong et al.
(2001) as 209 °C (Fig. 5). Consequently, the biological
MWAT is calculated as 15.8 °C. If the growth response
curve for bull trout has an optimum growth range that is
fairly broad, the MWAT temperature would intersect this
curve at point b (Fig. 5), where the growth rate is similar to
that at the optimum temperature. If the growth response
is more typical of fish reported in the literature, it intersects

this curve at point ¢ (Fig. 5), where the growth rate is 10 %
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less than at the optimum temperature. The growth curve,
however, only depicts response to constant temperature
exposure. Growth at an MWAT of 15.8 °C (corresponding
to a 7DADM of 185 °C) would not produce a growth
rate similar to that expressed at point b (Fig. 5) because
fish in fluctuating temperature environments acclimate
to temperatures that are midway between the mean and
the maximum temperature (Golden & Schreck, 1978),
although Heath (1963) reported that sea-run cutthroat
trout (Oncorhynchus clarki clarki) appeared to acclimate
to the maximum temperature rather than the mean
for temperatures cycled between 10 °C and 20 °C. In
addition, growth rates at fluctuating temperatures
with means above the optimum become increasingly
impaired the greater the amplitude of variation around
the mean (Jobling, 1997). The accuracy of a biological
MWAT calculated from a growth curve, however, also
depends first upon an accurate calculation of the centre
of the optimum range. If one assumed that 15.8 °C was
the centre of the optimum based on growth studies at
constant temperatures where the only temperatures
tested were 12.0 °C, 158 °C and 21.1 °C, inaccurate
MWATs could be produced that are high and risky.

Using the Sullivan et al. (2000) risk-based growth
analysis, a 10 % growth reduction would result from a
constant test temperature of approximately 15.8 °C or a
fluctuating temperature between 132 °C
and 15.8 °C. If the stream is allowed to
reach its MWAT temperature, the actual -
growth rates that would result would
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optima (for example, Kitchell et al, 1977 for yellow
perch; Horning & Pearson, 1973 for smallmouth bass).
It is a fallacy to assume that near optimum growth
conditions occur at MWAT. This condition is expressed
in the field by the close association between the physical
expression of MWAT and the zone of extinction of a species.

Those opposed to recognising the value of optimum
thermal habitats and extending coldwater zones
spatially to the greatest extent feasible (by necessary land
management practices to minimise non-point sources and
regulation of point-source heat inputs) often maintain that
an incipient lethal temperature would be a good standard
as a maximum permissible value for each thermal
guild (e.g. coldwater, coolwater, warmwater). Such a
standard applied to all coldwater habitat would certainly
be achievable in most cases, but where it is achieved,
the species is likely to be eliminated from that point
downstream. So, proposals for MWAT appear to some tobe
reasonable (in the sense of compromising) because they are
based on average temperatures that are between optimum
and UUILT temperatures. Even with a coldwater species’
MWAT, there is only a small amount of habitat between
the point where MWAT is expressed in the downstream
temperature profile to where the coldwater species is
eliminated, where it might be argued that MWAT cannot
be achieved (Fig. 2). Unfortunately, a diel temperature

106 132 158 18.5 20.9

lie mid-way between points b and d or
between points ¢ and e. Most growth
response curves in the literature are similar
to the one with points a, ¢, and e with a
narrow optimum growth zone (Brett &
Shelbourn, 1975; Brett et al., 1982; Sullivan
et al, 2000; Meeuwig et al, 2004), and

Growth rate (g-g-'day")
T

hence significant declines in growth rate
at the MWAT compared to the optimum.
Both cool- and warmwater fish have

been shown to have very steep declines

// Temperature (°C) \\

Figure 5. Two contrasting hypothetical bull trout growth rate patterns relative to
constant water temperature exposure, illustrating the concept of breadth of the optimum

in growth rates above their growth growth response, a 10 % growth impairment level, and the problems associated with
application of MWAT as a protective water temperature standard.
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cycle having a mean equal to MWAT can have a maximum
very close to the UUILT that for all intents would eliminate
the species if applied to the full range of a species or to the
range of the thermal guild. MWAT by itself would be little
better than saying that UUILT is the maximum temperature
permitted. For it not to eliminate species throughout the
range of a thermal guild there would have to be rigorous
application of narratives for land use practices that
would protect and restore riparian zones, floodplains
and water availability (Coutant, 1999, p. 87, Appendix A).

Application of standards such as MWAT, which are
not based on biologically optimal temperatures, across
a stream system without regard to natural longitudinal
patterns of temperature increase, tends to allow upward
ratcheting of temperatures basinwide. With MWAT being
so aligned with upper thermal distribution limits, the risk
is in significant declines in abundance of sensitive
coldwater fish species. =~ Numerous studies have
demonstrated the control of maximum temperature on
salmonid densities (Hendrickson & Knutilla, 1974; Li
et al,, 1994; Lessard & Hayes, 2002; Ebersole et al., 2003;
Madrifidn, 2008) and probability of occurrence (Gamett,
2002; Dunham et al.,, 2003a; Picard et al.,, 2003). These
studies call into question presumptions by State agencies
that a temperature standard can be adjusted upward
to a level that is still tolerable but fully protective of the
designated use. If we know that every increment of
increase in the temperature standard beyond optimum
causes a decline in population abundance or probability
of occurrence, what higher temperature could provide
“full protection’? In addition, at temperatures approaching
distributional limits throughout much of their historic
range, fish experience suboptimal summer growth
rates, which can lead to impaired reproductive fitness,
alteration of migration timing for anadromous species,
lower condition factor, impaired gamete viability, reduced
competitive ability, and increased susceptibility to disease.
Reduced species geographic range and thermal diversity
lead to reduced genetic diversity. These mechanisms for
lowering population abundance, productivity, genetic
diversity, and geographic distribution reduce overall
population viability (McElhany et al., 2000; Sloat et al.,
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2002).
fish populations at upper thermal limits contribute to

Consequently, temperature indices that place

lowering population viability. In legal or regulatory
terms, it must be considered whether significant
shrinkage in range (causing a de facto loss of a
designated beneficial use) and population abundance

is consistent with the concept of full protection.

The effectiveness of forestry
practice rules

Coldwater fish are highly dependent upon maintenance
of riparian shade and, consequently, on the effectiveness
of State forest practice rules. Unfortunately, the rules
governing stream protection in the 50 States incorporate
dramatic variations in required buffer widths on
similar stream types (Murphy, 1995; Phillips et al., 1999;
Broadmeadow & Nisbet, 2004; Lee et al., 2004; Williams
et al, 2004). In addition to the variation among States in
buffer widths, there is also a large variation in leave-tree
requirements and level of zonation specified within
buffers. In Oregon, a State with a long history of forest
practice Act revision (Ellefson et al, 1997, ODEF, 2003)
as well as ESA protection of anadromous and resident
salmonids, stream shading is still not fully protected.
On large fish-bearing streams, buffer widths are only
30.5 m, with only a 6.1 m no-harvest zone. Tree removal
is permitted outside this inner zone provided a minimum
specified basal area is retained. However, on small
fish-bearing streams (0.057 m*s™ flow) the minimum tree
basal area coverage required is only 35 % of that of the
large streams. On non-fish bearing small streams that flow
into fish-bearing streams, the only leave-tree requirement
is for no harvest of non-commercial timber and understory
vegetation. In Idaho, the buffer for the major fish-bearing
streams is only 22.9 m and only 75 % of current shade
is required to be retained. For streams that have been
previously harvested, the 75 % rule implies that shading is
likely to continue to decline in successive riparian harvest
cycles because there is no reference to site potential. For
Idaho Class II streams (headwater fish-bearing streams

whose primary influence is listed as maintaining water
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quality of Class I streams), there is a 9.1 m buffer that has
no shade requirement and all trees larger than 20.3 cm
dbh (diameter breast height) can be removed, provided a
minimum number of trees between 7.6 and 20.3 cm dbh
are retained. For Class II streams flowing into other Class
II streams, buffers are only 1.5 m.

Riparian forest management on federal lands in
the Pacific Northwest States (Idaho (ID), Oregon (OR),
Washington (WA)), California and Alaska tends to provide
nearly full protection of riparian shade functions (although
lesser levels of protection of some other critical functions)
on the major fish-bearing streams, but buffers on private
lands subject to State forest practices provide far less
protection (Murphy, 1995) on all stream types. Federally
owned timberland accounts for 20 % of the nation’s forests,
while the remainder is nonindustrial private forest land (58
%), forest industry (14 %), State owned (6 %), and owned
by counties and municipalities (2 %) (EPA, 2005). In its
2004 305(b) report, EPA (2009) reported that only 16 % of
the nation’s streams were assessed in a national water
quality inventory. Of these streams, 44 % were found to be
impaired from various sources. Loss of streamside habitat
was a leading source of impairment. Of the 50 States, 13
have voluntary compliance, 9 mandatory compliance,
and 12 both voluntary and mandatory compliance
programmes. There are 16 States with no compliance
monitoring (Kilgore etal., 2003). In a recent survey of senior
State practice administrators, only 20 % of respondents
judged voluntary guidelines to effectively regulate private
forestry and 39 % viewed these to be ineffective (Ellefson et
al, 1997). A random survey in Washington State of private
forest practices under its new Forests and Fish programme
(Lingley et al,, 2009) showed that 37 % of the time forest
harvest operations were noncompliant with forestry rules
on fish-bearing streams. In addition to highly variable
buffer requirements, allowances for removal of shade in
riparian areas, and weaknesses in level of compliance and
monitoring of forest practices, there is a weak feedback loop

from water quality assessment to correcting forest practices.
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Best practice in setting
temperature standards

Technical strengths of the EPA-Region 10
temperature guidance

The EPA Regional Temperature Guidance Project (EPA,
2003a), conducted in EPA Region 10, serves as an excellent
model for the 50 States of the US in development of
protective temperature standards. Among the excellent
ecologically-based provisions and statements of ecological
concepts in this guidance are

1. EPA Region 10 guidance offers protection of existing
cold waters as being essential to the process of
protecting and restoring threatened fish populations.

2. It recommends protection of an entire thermal guild
of fish by evaluating the full life cycle needs of all
species in the guild.

3. It is explicit about full protection of the designated
uses.

4. It recognises that the anthropogenic causes of stream
temperature increases include riparian vegetation
removal, irrigation withdrawal, channelisation and
other channel modifications, separating the channel
from the floodplain, removal of upland vegetation,
dams and impoundments.

5. It highlights that elevated water temperatures are
a major factor in the decline in coldwater species
abundance.

6. The guidance requires expansion of the existing
range, beyond those habitats occupied since 1975, if
a greater range is needed for population viability. It
recommends that stream habitat with presumed
current use by a species, or potential use, is restored.

7. It recommends increasing the connectivity of a
population by improving migratory pathway
conditions.

8. It supports temperature requirements for all life
stages.

9.  Itfocuses on avoidance of sublethal or chronic thermal
effects rather than acute effects as the primary means

of controlling thermal impact.
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10. In this guidance, the sublethal thermal impacts
considered are comprehensive and the synergistic
effects are formally evaluated.

11. Consideration is given to levels of food availability
found under field conditions that affect optimum
growth conditions.

12. It supports restoration of coldwater refugia in large
rivers where they have been lost due to channel
modification or hydroelectric impacts.

13. It demonstrates the importance of maintaining
7DADM temperatures below the critical limit in 9
years out of 10. This means that in most years, the
limit should not be reached.

14. It recommends a 7DADM linked to optimum growth
temperature so that acute thermal effects are not
experienced.

15. It recognises that in a fluctuating temperature regime
the mean temperature needs to be lower than the
optimum in a constant temperature environment.

16. It supports separate thermal standards for fish with
temperature requirements that are significantly
colder and warmer than for the average coldwater
fish species.

17. It subdivides the stream system into zones that
provide for criteria for optimum spawning and
rearing conditions for super-coldwater fish; optimum
or core rearing and spawning conditions for coldwater
fish; marginal rearing conditions for coldwater fish;
and migratory corridors for coldwater fish.

18. It recommends that multiple check points within a
stream system be set up at which the temperature
limits should be met. These points represent the
lower limit to the zones for optimal or core spawning/
rearing, marginal spawning/rearing, and migratory
habitat for coldwater fish. This acts as a means to
control the rate of downstream warming. Standards
for core spawning/rearing and for migration, and
the dates by which these life functions must be met,
coupled with the designated zones in the stream
systems, provide geographically and temporally
specific standards that provide anchor points on

desirable thermal regimes, representative of the NTP.
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19. It acknowledges that by controlling the 7DADM
during summer, the prospect of meeting temperature
criteria in other seasons is increased.

20. It acknowledges that in order to meet the required
temperatures at the lower limits to a temperature
zone, there must be controls on the rate of thermal
increase within the zone starting from the headwaters.

21. It acknowledges that temperature control in a
large watershed requires proper management at
the watershed scale. The watershed is integrated
longitudinally and the thermal condition at all
points along this river continuum is a product of all
ecological conditions and anthropogenic impacts
(hydrology, vegetation, channel geomorphology etc)
within the adjacent and upstream watersheds.

22. It recommends only a 0.25 °C cumulative increase
in temperature (from all sources at the point of
greatest impact) above full protective numeric criteria
or natural background temperatures, to allow for
monitoring error and negligible human impact.

23. It recommends a summer temperature at the warm
end of the optimum range so that temperatures near
the middle of the range would be the maximum
achieved during most of the spring to autumn period.
The upper end of optimum as a 7DADM was never
considered as representing MWAT.

Strengths and weaknesses of Oregon’s
temperature standards

Oregon’s temperature standards provide some good

guidance for standards development elsewhere.

Oregon’s standards have predominantly adopted the

major recommendations provided by the EPA Region 10

temperature guidance document. But, in addition, Oregon

has pioneered certain other aspects of water quality
standards:

1. Oregon’s standards incorporate a cumulative effects
provision that calculates the effect of all combined
sources as demonstrated downstream at a point
producing the greatest effect. This greatest effect

should be < 0.3 °C, a level that is assumed to be the
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maximum allowable effect that would have minimal
biological impact.

Oregon uses a state-of-the-art water temperature
model to conduct its TMDL analysis whereby
allowable heat loading by point and non-point
sources is calculated that will result in less than or
equal to the permissible increase.

Oregon’s standards have some weak points, however, that

are often shared with other States:

1.

Implementation of management actions needed to
achieve temperature standards is a State responsibility
expressed in the State Forest Practices Act and
the Agricultural Practices Act. The State agencies
(Forestry, Agriculture) implementing these Acts,
devise BMPs (best management practices) that are
typically 20 years behind the best available science,
yet are trusted unequivocally to deliver conditions
that will result in achieving standards if implemented
consistently over the long-term. The combination
of the lag time from implementation to monitoring
results and the political process that slowly makes
current practices conform to best available science,
ensure that progress toward goals will result in slow
recovery. Also, failure to achieve standards will be
resisted as evidence of failure of current practices.
Proponents merely claim that they have not been
tried for a sufficiently long time to demonstrate their
success.

Low flows with a 7Q10 recurrence interval (i.e. 7-day
low flow with a 10-year recurrence interval) or lower
are taken as conditions that exempt temperature
exceedances. However, irrigation withdrawals can
easily produce conditions that artificially trigger
exemptions.

High air temperatures (> 90th percentile of an annual
series of maximum annual 7DADM temperatures)
are permitted as an exemption. Upward trends in
climatic maxima make statistics of past meteorological
conditions unsuitable for creating biologically safe
exemptions.
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Insufficient effort is directed to tracking of current
levels of cumulative watershed impact in order to
predict maximum thermal impact.

The BMPs provided as options in TMDLs are
frequently voluntary (EPA, 1994; Boyd, 2000) and
offer many easy but ineffective actions that reduce the
already weak regulatory pressure.

Temperature modelling is typically conducted
without incorporating full hydrological restoration,
due to technical difficulties such as accounting for
effects of lost wetlands and changes in watershed
vegetation cover. Furthermore, the social conflicts
involving water rights for agriculture versus
minimum  established flows for fish can inhibit
State agency modellers from identifying the natural
potential water temperatures that would be associated
with historical flow.  Consequently, modelled,
restored temperature regimes are not representative
of historical conditions.

No provisions for incorporating the anticipated effects
of global warming as a measure of safety are made.
Intermittent or non-fish bearing streams typically have
much lower levels of protection, which disregards the

downstream impacts of thermal disturbances.

Recommendations for development of
revised temperature standards in future
triennial reviews

This review of water temperature standards at a national

level suggests a number of actions that are needed for

improving protection of the nation’s coldwater fish species:

1.

Recognise stream temperatures as having a natural
potential thermal regime at all points along the river
continuum that is also subsequently influenced by
cumulative anthropogenic actions.

Given the spatial and temporal variations in
temperature that have become increasingly
recognised by FLIR (Forward Looking Infrared, or
TIR) monitoring, establish control points along the
river continuum that express desired quantitative
targets along the NTP trajectory, allowing for a

Freshwater Reviews (2010) 3, pp. 147-199



186

minimum anthropogenic temperature increase that
does not impair the use.

Use NTP as a guide for target temperatures along the
river continuum.

Recognise that thermal restoration toward NTP as an
endpoint provides the greatest balance in potentially
occupied range and viability for all native species and
provides the conditions where the thermal regime
is ideally matched with channel gradient and other
habitat factors suitable for all native species. As a
corollary, when considered at a basin level, there is
no such thing as being ‘overprotective’ when NTP
and the associated riparian, channel, floodplain, and
watershed protection required to achieve NTP are
employed.

Derive the NTP from a combination of procedures,
including physical temperature modelling (based
on restoration of channel riparian cover, channel
morphology, instream flows and floodplain condition
and connectivity with the stream channel), inference
from minimally disturbed streams of the same stream
class, use of historical temperature records collected
prior to significant disturbance, and use of fish records
collected prior to disturbance (see ODEQ), 2004).
Abandon the use of the biological MWAT as specified
by EPA (1973) as a criterion for full protection of
growth, because it is linked to significant large
reductions in growth.

Also abandon the concept that an adequate standard
can create multiple levels of impairment (e.g.
10-20 %) on physiological function (e.g. growth, egg
viability, disease resistance) that would not produce
cumulative impairment to a species’ population,
restrict its spatial distribution, reduce viability, of
impair genetic diversity.

Revise water temperature standards so as to provide
full protection to the most sensitive species. If a State
has salmonids with requirements for cold water
that vary quantitatively (e.g. bull trout and Chinook
salmon (Oncorhynchus tshawytscha), or cutthroat trout
and rainbow trout), it is better to apply the optimum

requirements for the various life stages to standards
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than to simply manage to a median condition. These
standards would then apply to core areas on the basis
of NTP. Appropriate land management upstream
of core areas would then be required to ensure core
habitat conditions were met downstream.

Abandon the use of RIS for thermal protection
under point-source impacts. Instead, substitute the
use of IBI (Index of Biological Integrity) or another
full community composition measure and NTP, as
inferred from a scientific investigative process such as
outlined above.

Rely on optimum growth temperatures as the best
guide to thermal conditions that are protective of
the species rather than MWAT, UUILT, or avoidance
temperatures.

Counteract the shifting environmental baseline
paradigm by use of reference conditions, even for
large river systems. There is no reason, for example,
that the Penobscot River could not represent, as a
rough guide, macroinvertebrate or fish community
trends for the Connecticut River.

Eliminate the use of incremental comparisons to
justify a conclusion of ‘no effect’. For example, after
allowing two centuries of thermal degradation on
the Connecticut River, considering the biological
impact of an additional proposed small temperature
increment is the wrong test of protecting the
designated beneficial use, unless a highly disturbed
is the
condition. Also, upstream-downstream comparisons
in a system that is already highly disturbed will
make significant changes increasingly difficult to

ecosystem (current condition) desired

demonstrate. Coldwater fishes are already rare and
are found in numbers difficult to define statistically
via sampling relative to more abundant species that
are more heat tolerant. Under such circumstances, the
disappearance of coldwater fishes may be overlooked.

Require actions to be implemented that are known
from scientific studies to be effective in restoring
thermal regimes. Most of these actions will have
related benefits in improving other aquatic limiting

factors, such as reducing fine sediment delivery,
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improving delivery of large woody debris, and
increasing bank stability.

14. Recognise that the increasing air temperatures
predicted from global warming effects will place
greater demands on retaining and restoring riparian
vegetative cover, restoring stream channels, and

returning instream flows to natural hydrologic
regimes.

Conclusions

The Clean Water Act is the key US law dealing with
maintenance and restoration of water quality and aquatic
health. Although the CWA has many strengths that have
resulted in large gains in water quality in past decades,
it has many built-in weaknesses that thwart continued
progress. From its inception, implementation of the CWA
focused primarily on point-source pollution (EPA, 1994).
This emphasis might be assumed to provide protection
of dependent fish communities faced with point-source
discharges from facilities such as thermoelectric plants,
were it not for the multitude of exceptions and conflicting
provisions of the CWA in its various sections (noted above).
Non-point source (NPS) pollution, contributed by diffuse
sources (agriculture, forestry, rangeland grazing, and
urban runoff), is the predominant cause of nonattainment
of standards in the United States (Houck, 1999; Copeland,
2009). Despite their pre-eminent role in the intent of the
CWA not being met (ie. ‘to restore and maintain the
chemical, physical, and biological integrity of the Nation’s
waters’ and achieving ‘fishable, swimmable waters’),
non-point sources of thermal pollution have remained
largely unregulated except via an assortment of BMPs that
may have a level of effectiveness inadequate to achieve
standards, or TMDLs that may or may not be written
or enforced by States. Lack of enforcement is a problem
common in the US as well as in the EU (Rechtschaffen,
2004, 2007). Failure to address full protection in the
US has arisen over the years due to a variety of agency
administrative perspectives and legal interpretations as
well as narrowing of the CWA by various courts, none of
which hold true to the overriding goals of protecting biotic
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integrity. For example, EPA has consistently argued that
pollution produced from dams was exempt from permit
requirements under the CWA (Blumm & Warnock, 2003),
which has resulted in thousands of US dams not being
responsible for thermal pollution caused by their operation.
EPA’s preference has been upheld by various courts on
grounds of agency deference. The US Forest Service has
argued in court that livestock grazing or any NPS pollution
on federal lands does not require a 401 certification (a
certification provided by a State under Section 401 of the
CWA that any applicant for a federal permit to discharge
wastes into a waterbody will not violate State water quality
standards). Again, EPA elected to support this view and
the currently dominant court opinion makes it unfeasible
to use the CWA to control NPS water pollution arising
from federal land management (Blumm & Warnock, 2003).

The US Congress must also assume a greater role in
clarifying the level of aquatic resource protection required
under the CWA. This conclusion was reached in a recent
US Supreme Court ruling in Entergy Corp. v. Riverkeeper,
Inc. EPA had been operating under a policy of applying
best available technology (BAT) to ‘minimize adverse
environmental impact’. However, in a 2001 amendment
to EPA regulations with regard to existing power plants,
it opted to employ cost-benefit analysis in deciding the
extent to which mortality in cooling towers from
impingement and entrainment would be limited when
balancing aquatic resource protection and economic
impact to industry (Harvard Law Review, 2009). The
majority opinion in this case noted that minimising
impact does not always imply the ‘greatest possible
reduction’ in mortality. This case allows EPA to use
discretion in determining the extent of impact allowed.
However, it is questionable to what extent cumulative
effects, external environmental costs, and general
ecosystem impairment can be effectively assessed and
prevented in such cost-benefit analyses (Mears, 2008).

EPA does maintain a role in requiring that the States
implement TMDLs, but if they fail to produce a TMDL
or even a sufficient TMDL to address meeting State
water quality standards, EPA will promulgate a TMDL.
The TMDL is designed to ensure that both point and
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non-point pollution sources are accountable for meeting
water quality standards. However, NPS provisions in
TMDLs, to the extent that a TMDL is ever developed,
rely on application of BMPs, which are at the prerogative
of individual States (Houck, 1999). Also, EPA does
not enforce anti-degradation provisions as a means to
‘maintain’ water quality on high quality waters (i.e. Tier II)
at risk from NPS pollution, because in the TMDL process
used to control NPS pollution, control is not considered
until standards fail to be met (Blumm & Warnock, 2003).

Clearly, a combination of a more engaged EPA plus
clearer CWA language that directs efforts equally to point
and non-point sources, remains true to the original 1972
intent to maintain and restore the nation’s waters and
biodiversity, and eliminates loopholes and conflicting
directions, would assist in protecting the nation’s coldwater
fishes and aquatic diversity as a whole. Importantly,
implementation of TMDLs that consider the dual
thermal pollution sources (point source and NPS) is
also predicated on the prior presence of temperature
standards. To be effective and provide full protection,
standards need to be biologically meaningful and
optimal and also suitable to be implemented in a spatially
appropriate fashion consistent with natural potential
thermal regimes (Poole et al.,, 2004). Without standards
or effective standards, monitoring, and 303(d) listings
of streams not meeting standards, there is no TMDL
process. The haphazard nature of 303(d) temperature
listings and temperature TMDL programmes across
the 50 States is testimony to the central lack of attention
to temperature in many States as a key determinant of
aquatic health. Lastly, EPA Gold Book guidance for water
temperature is in great need of revision for temperature
effects to fish and no longer serves as a reliable model
for setting water temperature standards given the
inadequacy of the biological MWAT index elaborated here.

The question of whether the US’s coldwater fish
species are being protected through application of the
CWA is a complicated one involving consideration of
the distribution of native and non-native species, natural
potential of streams to sustain salmonids, land ownership

and relevant management rules, inadequate laws,
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inconsistent EPA guidance, standards adopted as fully
protective, exemptions in the State water quality standards,
effectiveness of BMPs used in addressing a TMDL, the
willingness of States to provide sufficient instream flows,
the likelihood of development and enforcement of TMDLs,
frequency of enforcement, and climate change. The
climate change that has already occurred has resulted in
widespread, upward water temperature trends (Kaushal et
al, 2010). Even small water temperature increases can result
in significant range reductions in coldwater fish species
(Rahel et al.,, 1996). Also, most States have no obvious
mechanism to prevent progressive thermal degradation,
or to manage thermal regimes on a system-wide basis in
relation to natural thermal potential, that would ensure
a robust distribution and population health of historic
native species. Considering all these factors, it is difficult to
arrive at any other conclusion than that water temperature
increases, usable habitat contraction, and range expansion
by warmwater tolerant species present a clear threat to the
future viability of salmonid populations in all States of the
US supporting salmonids, placing increased emphasis on
the need to devise and implement effective water quality
standards that are technically sound and fully protective.

Acknowledgments

I would like to thank Patrick Parenteau, Professor of Law,
of the Vermont Law School for his very helpful suggestions
on an early version of this document. Past interaction with
members of Oregon DEQ's Technical Advisory Committee
and EPA’s Region 10 Water Temperature Criteria Guidance
Project has been a great stimulus to generation of thoughts
on development of protective temperature standards
for coldwater fishes. Don Essig, Idaho DEQ, provided a
review of an early draft that was helpful. Ithank technical
members of Colorado’s Temperature Criteria Project for
stimulating thought concerning protection of salmonids
within basins containing warmwater species. I appreciate
my many useful discussions on the Clean Water Act
with Nina Bell of Northwest Environmental Advocates.
I also am grateful to the encouragement and critical
review from Dr G. Wayne Minshall, Emeritus Professor

DOI: 10.1608/FR]-3.2.4



Are fish populations being protected by temperature standards?

of Biology, Idaho State University, in completing this
paper. I give thanks to Denise Kelsey for her GIS analysis
of characteristics of selected Idaho streams and their
watersheds. Dr Seth White provided helpful suggestions
for improving the document. In addition, an anonymous
peer reviewer and Prof. Colin Reynolds provided helpful
reviews of the paper. I thank Laura Murphy, Assistant
Prof. of the Vermont Law School and her legal interns, for

providing numerous Vermont Yankee NPDES permits.

References

Aquatec. (1982). Ecological Studies of the Connecticut River, Vernon/
Vermont. Report XI. January 1981-December 1981. Prepared for
Vermont Yankee Nuclear Power Corporation by Aquatec, Inc,,
South Burlington, Vermont.

Barbour, M.T., Gerritsen, J., Snyder, B.D., & Stribling, ].B. (1999).
Rapid Bioassessment Protocols for Use in Streams and Wadeable
Rivers: Periphyton, Benthic Macroinvertebrates and Fish, Second
Edition. EPA 841-B-99-002. U.S. Environmental Protection
Agency, Office of Water, Washington, D.C.

Barnthouse, L.W., Heimbuch, D.G., Anthony, V.C,, Hilborn, RW.
& Myers, R.A. (2003). Indicators of AEI applied to the Delaware
estuary. In: Defining and Assessing Environmental Impact from
Power Plant Impingement and Entrainment of Aquatic Organisms
(eds D.A. Dixon, J.A. Veil, & J. Wisniewski), pp. 165-184. A.A.
Balkema Publishers, Lisse, The Netherlands. 292 pp.

Baum, E. (2004). Wounded Waters: the Hidden Side of Power Plant
Pollution. Clean Air Task Force. Boston, MA. 18 pp.

Bear, E.A, McMahon, TE. & Zale, AV. (2005).

requirements of westslope cutthroat trout. Department of

Thermal

Ecology, Fish and Wildlife Program, Montana State University,
Bozeman, MT. Final Report to the Wild Fish Habitat Initiative
Montana Water Center at Montana State University-Bozeman
Partners for Fish and Wildlife Program, U.S. Fish and Wildlife
Service (unpublished).

Bear, E.A, McMahon, TE. & Zale, A.V. (2007). Comparative
thermal requirements of westslope cutthroat trout and rainbow
trout: implications for species interactions and development
of thermal protection standards. Transactions of the American
Fisheries Society 136(4), 1113-1121.

Beschta, R.L., Bilby, R.E., Brown, G.W.,, Holtby, L.B. & Hofstra, T.D.

DOI: 10.1608/FR]-3.2.4

189

(1987). Stream temperature and aquatic habitat: fisheries and
forestry interactions. In: Streamside Management: Forestry and
Fishery Interactions (eds E.O. Salo & T.W Cundy), pp. 191-231.
College of Forest Resources, University of Washington, Seattle.
Contribution No. 57. Proceedings of a Symposium held at
University of Washington, February 12-14, 1986.

Binkerd, R.C,, Countryman, W.D., McNeer, RM. & Marx, D.J.
(1978).

biological information and environmental impact assessment.

316 demonstration. Engineering, hydrological &
Aquatec, Inc. Environmental Services. Vermont Yankee Nuclear
Power Corporation. Vernon, Vermont. 316 pp. (unpublished).

Bisson, P.A., Gregory, S.V,, Nickelson, T.E. & Hall, ].D. (2008). The
Alsea watershed study: a comparison with other multi-year
investigations in the Pacific Northwest. In: Hydrological and
Biological Responses to Forest Practices (ed ].D. Stednick), pp.
259-289. Springer.

Blumm, M.C. & Warnock, W. (2003). Roads not taken: EPA vs.
clean water. Environmental Law 33(1), 79-112.

Bogardus, RB. (1981). Ecological factors in the selection of
representative species for thermal effluent demonstrations.
In: Ecological Assessments of Effluent Impacts on Communities of
Indigenous Aquatic Organisms (eds ].M. Bates & C.I. Weber), pp.
49-67. American Society for Testing and Materials, Philadelphia,
Pennsylvania.

Boyd, J. (2000). The New Face of the Clean Water Act: A Critical
Review of the EPA’s Proposed TMDL Rules. Resources for the
Future. Discussion Paper 00-12. March 2000.

Boyd, M. & Kasper, B. (2002). Improvements in stream
temperature assessment. In: Hydrologic Extremes: Challenges
for Science and Management. Proceedings of the American
Institute of Hydrology Fall Symposium, Portland, Oregon
(unpublished).

Boyd, M. & Kasper, B. (2003). Analytical methods for dynamic
open channel heat and mass transfer: methodology for
heat source model Version 7.0. Oregon Department of
Environmental Quality, Portland, Oregon. Retrieved from
http://www.deq.state.or.us/wq/TMDLs/tools.htm, July 2010.

Brett, ].R. (1952). Temperature tolerance in young Pacific salmon,
genus Oncorhynchus. Journal of the Fisheries Research Board of
Canada 9(6), 265-323.

Brett, ].R. & Shelbourn, J.E. (1975). Growth rate of young sockeye

salmon, Oncorhynchus nerka, in relation to fish size and ration

Freshwater Reviews (2010) 3, pp. 147-199


http://www.deq.state.or.us/wq/TMDLs/tools.htm

190

level.  Journal of the Fisheries Research Board of Canada 32,
2103-3110.

Brett, ].R,, Shelbourn, J.E. & C.T. Shoop (1969). Growth rate and
body composition of fingerling sockeye salmon, Oncorhynchus
nerka, in relation to temperature and ration size. Journal of the
Fisheries Research Board of Canada 26(9), 2363-2394.

Brett, ].R,, Clarke, W.C. & Shelbourn, J.E. (1982). Experiments on
thermal requirements for growth and food conversion efficiency
of juvenile chinook salmon, Oncorhynchus tshawytscha. Canadian
Technical Report of Fisheries and Aquatic Sciences 1127. 29 pp.

Broadmeadow, S. & Nisbet, TR. (2004). The effects of riparian
forest management on the freshwater environment: a literature
review of best management practice. Hydrology and Earth
System Science 8(3), 286-305.

Buchanan, D.V. & Gregory, S.V. (1997). Development of water
temperature standards to protect and restore habitat for bull
trout and other cold water species in Oregon. In: Friends of the
Bull Trout Conference Proceedings (eds W.C.Mackay, M.K. Brewin
& M. Monita), pp. 119-126. Bull Trout Task Force (Alberta), c/o
Trout Unlimited Canada, Calgary, AB, Canada.

Cohen, R. (2007). The Massachusetts comprehensive wildlife
conservation strategy and “at risk” fish and riverine species
and habitats. News Notes 24. Electronic newsletter from the
Massachusetts Riverways Program, Massachusetts Department
of Fish and Game. Retrieved from http:/www.mass.gov/
dfwele/der/newsletters/newsnotes24.htm, July 2010.

Connecticut DEP (2006). Appendix C. 2006 List of Connecticut
Waterbodies not Meeting Water Quality Standards. Connecticut
Department of Environmental Protection.

Copeland, C. (2009). Water Quality Issues in the 111th Congress:
Oversight and Implementation. Congressional Research Service
7-5700. 21 pp.

Coutant, C.C. (1999). Perspectives on Temperature in the Pacific
Northwest’s Fresh Waters. Oak Ridge National Laboratory,
ORNL/TM-1999/44.
Publication No. 4849. Oak Ridge, Tennessee. 108 pp.

Coutant, C.C. (2000). What is ‘normative’ at cooling water intakes?

Environmental Sciences Division,

Defining normalcy before judging adverse. Environmental
Science & Policy 3(1), 37-42.

CRASC (1997). Minutes of Meeting June 26, 1997. Connecticut
River Atlantic Salmon Commission. Conte Anadromous Fish

Research Center, Turners Falls, Massachusetts. Retrieved from

© Freshwater Biological Association 2010

McCullough, D.A.

http://www.fws.gov/R5CRc/crasc_minutes_06261997.pdf, July
2010.

CRASC (1998). Strategic Plan for the Restoration of Atlantic Salmon
to the Connecticut River. Connecticut River Atlantic Salmon
Commission, Sunderland, Massachusetts. 109 pp. Retrieved
from http://www.fws.gov/r5crc/documents/strplan.pdf, July
2010.

Dickerson, B.R. & Vinyard, G.L. (1999). Effects of high chronic
temperatures and diel temperature cycles on the survival and
growth of Lahontan cutthroat trout. Transactions of the American
Fisheries Society 128(3), 516-521.

Dixon, D.A., Veil, ].A & Wisniewski, J. (eds.) (2003). Defining and
Assessing Environmental Impact from Power Plant Impingement and
Entrainment of Aquatic Organisms. A.A. Balkema Publishers,
Lisse, The Netherlands. 292 pp.

Donato, M.M. (2002). A statistical model for estimating stream
temperatures in the Salmon and Clearwater River Basins,
central Idaho.  US. Geological Survey, Water-Resources
Investigations Report 02-4195. Boise, Idaho. 39 pp.

Downey, PC, Binkerd, RC. & Marx, DJ. (1990). 316
demonstration.  Biological, hydrological & engineering
information and environmental impact assessment. Aquatec,
Inc,, South Burlington, VT, for Vermont Yankee Nuclear Power
Station, Connecticut River, Vernon, VT. 78 pp. (unpublished).

Dunham, J.,, Rieman, B. & Chandler, G. (2001). Development of
Field-based Models of Suitable Thermal Regimes for Interior Columbia
Basin Salmonids. Final report, Interagency agreement No. 00-IA-
11222014-521.

Dunham, J., Rieman, B. & Chandler, G. (2003a). Influences of
temperature and environmental variables on the distribution of
bull trout within streams at the southern margin of its range.
North American Journal of Fisheries Management 23(3), 894-904.

Dunham, J.,, Schroeter, R. & Rieman, B. (2003b). Influence of
maximum water temperature on occurrence of Lahontan
cutthroat trout within streams. North American Journal of
Fisheries Management 23(3), 1042-1049.

Dunham, ], Chandler, G, Rieman, B. & Martin, D. (2005).
Measuring Stream Temperature with Digital Data Loggers: a User’s
Guide. General Technical Report RMRSGTR-150WWW. Fort
Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station. 15 pp.

Eaton, J.G., McCormick, J.H., Goodno, B.E., OBrien, D.G,

DOI: 10.1608/FR]-3.2.4


http://www.mass.gov/dfwele/der/newsletters/newsnotes24.htm
http://www.mass.gov/dfwele/der/newsletters/newsnotes24.htm
http://www.fws.gov/R5CRc/crasc_minutes_06261997.pdf
http://www.fws.gov/r5crc/documents/strplan.pdf

Are fish populations being protected by temperature standards?

Stefany, H.G., Hondzo, M. & Scheller, RM. (1995a). A field
information-based system for estimating fish temperature
tolerances. Fisheries 20(4), 10-18.

Eaton, J.G., McCormick, J.H., Stefan, H.G. & Hondzo, M. (1995b).
Extreme value analysis of a fish/temperature field database.
Ecological Engineering 4(4), 289-305.

Ebersole, J.L., Liss, WJ]. & Frissell C.A. (2003). Thermal
heterogeneity, stream channel morphology and salmonid
abundance in northeast Oregon streams. Canadian Journal of
Fisheries and Aquatic Sciences 60(10), 1266-1280.

EBTJV (Eastern Brook Trout Joint Venture) (2006). Eastern Brook
Trout: Status and Threats. Produced by Trout Unlimited for
the Eastern Brook Trout Joint Venture. 36 pp. Retrieved from
http://www.easternbrooktrout.org/publications.aspx, July 2010.

Edsall, T.A., Frank, A.M. Rottiers, D.V. & Adams, ].V. (1999). The
effect of temperature and ration size on the growth, body
composition, and energy content of juvenile coho salmon.
Journal of Great Lakes Research 25(2), 355-362.

Ellefson, PV, Cheng, A.S, & Moulton, RJ. (1997). State forest
practice regulatory programs: an approach to implementing
ecosystem management on private forest lands in the United
States. Environmental Management 21(3), 421-432.

Elliott, ].M. (1981). Some aspects of thermal stress on freshwater
teleosts. In: Stress and Fish (ed A.D. Pickering), pp. 209-245.
Academic Press. 367 pp.

Elliott, ].M. (1991). Tolerance and resistance to thermal stress in
juvenile Atlantic salmon, Salmo salar. Freshwater Biology 25(1),
61-70.

Elliott, .M. (1994). Quantitative Ecology and the Brown Trout. Oxford
Series in Ecology and Evolution (eds R.M. May & PH. Harvey).
Oxford University Press, Oxford, England. 286 pp.

EPA & NMFS. (1971). Columbia River Thermal Effects Study. Volume
1. Biological Effects Study. U.S. Environmental Protection
Agency and National Marine Fisheries Service. 102 pp.

EPA (1973). Water Quality Criteria 1972. EPA-R3-73-033. US
Environmental Protection Agency. Available from National
Technical Information Service, Springfield, VA. 594 pp.

EPA (1976). Quality Criteria for Water. EPA PB-263-943. US
Environmental Protection Agency, Washington, D.C. 534 pp.
EPA (1977a). Draft Interagency 316(a) Technical Guidance Manual and
Guide for Thermal Effects Sections of Nuclear Facilities Environmental
Impact Statements (DRAFT). May 1, 1977. US Environmental

DOI: 10.1608/FR]-3.2.4

191

Protection Agency, Office of Water Enforcement, Washington,
D.C. 147 pp.

EPA (1977b). Draft Guidance for Evaluating the Adverse Impact
of Cooling Water Intake Structures on the Aquatic Environment:
Section 316(b) PL. 92-500. May 1, 1977. US Environmental
Protection Agency, Office of Water Enforcement, Washington,
D.C. 64 pp.

EPA (1986). Quality Criteria for Water. EPA 440/5-86-001. US
Environmental Protection Agency, Office of Water, Regulations
and Standards, Washington, D.C.

EPA (1992). Review of Water Quality Standards, Permit Limitations,
and Variances for Thermal Discharges at Power Plants. EPA
831/R-92-001. October 1992.

EPA (1994). Interpretation of federal antidegradation regulatory
requirement. Letter from T.T. Davies, Director to Water
Division Management Directors, Regions 1-10. Environmental
Protection Agency, Washington, D.C. (unpublished).

EPA (1997). Water Quality Standards for Idaho. Federal Register:
April 28, 1997 (Volume 62, Number 81). Proposed Rules, pp.
23003-23029.

EPA (2003a). EPA Region 10 Guidance for Pacific Northwest State and
Tribal Temperature Water Quality Standards. EPA 910-B-03-002.
U.S. Environmental Protection Agency, Region 10 Office of
Water, Seattle, WA.

EPA (2003b). Water Quality Standards for Oregon. Federal Register:
October 10, 2003 (Volume 68, Number 197). Proposed Rules,
pp- 58757-58790.

EPA (2005). National Management Measures to Control Nonpoint
Source Pollution from Forestry. Appendix E: State and Private
Forestry Programs. EPA 841-B-05-001, May 2005. Retrieved from
http://www.epa.gov/nps/forestrymgmt, July 2010.

EPA (2006). National Recommended Water Quality Criteria. US
Environmental Protection Agency, Office of Water, Washington,
DC.

EPA (2009). National Water Quality Inventory: Report to Congress,
2004 Reporting Cycle. EPA 841-R-08-001. US Environmental
Protection Agency, Office of Water, Washington, D.C. 37 pp.

Directive 2000/60/EC of the

European Parliament and of the Council of 23 October 2000

European Commission (2000).
establishing a framework for Community action in the field of

water policy. Official Journal of the European Communities L 327,
1-73 (as subsequently amended: consolidated text, 13 January

Freshwater Reviews (2010) 3, pp. 147-199


http://www.easternbrooktrout.org/publications.aspx
http://www.epa.gov/nps/forestrymgmt

192

2009, 82 pp.). Office for Official Publications of the European
Communities, Brussels.

Faler, M.P, Mendel, G. & Fulton, C. (2005). Evaluate Bull Trout
Movements in the Tucannon and Lower Snake Rivers. 2004
Annual Report, Project Number 200200600.
Power Administration Report DOE/BP-00009774-3. Portland

Bonneville

Oregon. Retrieved from http://www.efw.bpa.gov/Publications/
R00009774-3.pdf, July 2010.

Fay, C, Bartron, M., Craig, S., Hecht, A, Pruden, J.,, Saunders,
R, Sheehan, T. & Trial, J. (2006). Status Review for Anadromous
Atlantic Salmon (Salmo salar) in the United States. Report to the
National Marine Fisheries Service and U.S. Fish and Wildlife
Service. 294 pp. Retrieved from http://www.nmfsnoaa.gov/pr/
pdfs/statusreviews/atlanticsalmon.pdf, 12 July 2010.

Fields, R, Lowe, S.S., Kaminski, C., Whitt, G.S. & Philipp, D.P.
(1987). Critical and chronic thermal maxima of northern and
Florida largemouth bass and their reciprocal F1 and F2 hybrids.
Transactions of the American Fisheries Society 116(6), 856-863.

Gaffield, SJ., Potter, KW. & Wang, L. (2007). Predicting the
summer temperature of small streams in southwestern
Wisconsin.  JAWRA Journal of the American Water Resources
Association 41(1), 25-36.

Gamett, B. (1999). The history and status of fishes in the Little Lost
River drainage, Idaho. Idaho Department of Fish and Game,
Upper Snake Region. May 1999 (unpublished).

Gamett, B.L. (2002). The relationship between water temperature
and bull trout distribution and abundance. M.S. thesis, Utah
State University, Logan, Utah. 94pp. (unpublished).

Gephard, S. & McMenemy, J. (2004). An overview of the program
to restore Atlantic salmon and other diadromous fishes to the
Connecticut River with notes on the current status of these
species in the river. American Fisheries Society Monograph 9,
287-317.

Golden, J.T. (1975). Immediate Effects of Logging on the Freshwater
Environment Salmonids: Lethal Temperatures for Coastal Cutthroat
Trout under Fluctuating Temperature Regimes: Job Progress Report,
1974-1975. Oregon Department of Fish and Wildlife Federal
Aid Progress Report Anadromous Fish Project AFS-585. 7 pp.

Golden, J.T. (1976). Lethal Temperatures for Coastal Cutthroat Trout
under Fluctuating Temperature Regimes. Federal Aid Progress
Reports, Fisheries. Oregon Department of Fish and Wildlife.

14 pp.

© Freshwater Biological Association 2010

McCullough, D.A.

Golden, J.T. & Schreck, C.B. (1978).

temperatures on the thermal tolerance limits of coastal cutthroat

Effects of fluctuating

trout Salmo clarki clarki). M.S. thesis, Oregon Department of Fish
and Wildlife, Corvallis, Oregon (unpublished).

Gucinski, H., Furniss, M.J., Ziemer, RR. & Brookes, M.H. (2001).
Forest Roads: a Synthesis of Scientific Information. General Technical
Report PNWGTR 509, U.S. Department of Agriculture, Forest
Service, Pacific Northwest Research Station, Portland, Oregon.
103 pp.

Ham, K.D. & Pearsons, TN. (2000). Can reduced salmonid
population abundance be detected in time to limit management
impacts? Canadian Journal of Fisheries and Aquatic Sciences 57(1),
17-24.

Hanson, PC. Johnson, T.B. Schindler, D.E. & Kitchell, J.F.
(1997).  Fish Bioenergetics 3.0 Users manual. University of
Wisconsin-Madison Center for Limnology, University of
Wisconsin, Madison, Wisconsin.

Harvard Law Review (2009). Clean Water Act —judicial review of
cost-benefit analysis: Entergy Corp. v. Riverkeeper, Inc. Harvard
Law Review 123(1), 342-352.

Heath, W.G. (1963). Thermoperiodism in the sea-run cutthroat
(Salmo clarki clarki). Science 142, 486-488.

Hendrickson, G.E. & Knutilla, R.L. (1974). Hydrology and trout
populations of cold water rivers of Michigan and Wisconsin.
Wisconsin Academy of Sciences, Arts and Letters 62, 181-193.

Hillman, TW. & Essig, D. (1998). Review of Bull Trout Temperature
Requirements: a Response to the EPA Bull Trout Temperature Rule.
BioAnalysts and Idaho DEQ. Prepared for Idaho Division of
Environmental Quality. Boise, Idaho.

Hokanson, KEF. (1977). Temperature requirements of some
percids and adaptations to seasonal temperature cycle. Journal
of the Fisheries Research Board of Canada 34(10), 1524-1550.

Hokanson, K.E.E, Kleiner, C.F. & Thorslund, TW. (1977). Effects
of constant temperatures and diel temperature fluctuations
on specific growth and mortality rates and yield of juvenile
rainbow trout, Salmo gairdneri. Journal of the Fisheries Research
Board of Canada 34(5), 639-648

Horning II, W.B. & Pearson, R.E. (1973). Growth and temperature
requirements and lower lethal temperatures for juvenile
smallmouth bass (Micropterus dolomieui). Journal of the Fisheries
Research Board of Canada 30, 1226-1230.

Houck, O.A. (1999). Clean Water Act TMDL program: Law, Policy,

DOI: 10.1608/FR]-3.2.4


http://www.efw.bpa.gov/Publications/R00009774-3.pdf
http://www.efw.bpa.gov/Publications/R00009774-3.pdf
http://www.nmfs.noaa.gov/pr/pdfs/statusreviews/atlanticsalmon.pdf
http://www.nmfs.noaa.gov/pr/pdfs/statusreviews/atlanticsalmon.pdf

Are fish populations being protected by temperature standards?

and Implementation. Environmental Law Institute, Washington,
D.C. 362 pp.

Huff, D.D., Hubler, S.L. & Borisenko, A.N. (2005). Using field data
to estimate the realized thermal niche of aquatic vertebrates.
North American Journal of Fisheries Management 25(1), 346-360.

IDEQ (2002). Dissenting opinion on biological threshold numbers
proposed by Regional Temperature Criteria Development
Technical Workgroup. Idaho Department of Environmental
Quality, Boise, Idaho. Retrieved from http://www.deq.idaho.
gov/water/data_reports/surface_water/monitoring/dissenting
opinion_temp.pdf, July 2010.

Jackson, D.A. & Mandrak, N.E. (2002). Changing fish biodiversity:
predicting the loss of cyprinid biodiversity due to global climate
change. In: Fisheries in a Changing Climate (ed. N.A. McGinn), pp.
89-98. American Fisheries Society Symposium 32. American
Fisheries Society, Bethesda MD.

Jacobs, RP, Hyatt, WA, Hagstrom, N.T., O'Donnell, EB,,
Schluntz, E.C.,, Howell, P. & Molnar, D.R. (2004). Trends in
Abundance, Distribution, and Growth of Freshwater Fishes
from the Connecticut River in Connecticut (1988-2002).
American Fisheries Society Monograph 9, 319-343.

Jobling, M. (1997). Temperature and growth: modulation of
growth rate via temperature change. In: Global Warming:
Implications for Freshwater and Marine Fish (eds C.M. Wood &
D.G. McDonald), pp. 225-253. Society for Experimental Biology
Seminar Series 61. Cambridge University Press.

Johnstone, H.C. & Rahel, FJ. (2003). Assessing temperature
tolerance of Bonneville cutthroat trout based on constant and
cycling thermal regimes.
Society 132(1), 92-99.

Jones, K.L., Poole, G.C,, Meyer, ].L., Bumback, W. & Kramer, E.A.
(2006). Quantifying expected ecological response to natural

Transactions of American Fisheries

resource legislation: a case study of riparian buffers, aquatic
habitat, and trout populations. Ecology and Society 11(2), 15.
Retrieved from http://www.ecologyandsociety.org/vol11/iss2/
art15/ES-2006-1821.pdf, 12 July 2010.

Juanes, F.,, Gephard, S. & Beland, K.F. (2004). Long-term changes
in migration timing of adult Atlantic salmon (Salmo salar) at the
southern edge of the species distribution. Canadian Journal of
Fisheries and Aquatic Sciences 61(12), 2392-2400.

Kaushal, S.S,, Likens, G.E., Jaworski, N.A., Pace, M.L., Sides, AM.,
Seekell, D., Belt, K.T., Secor, D.H., & Wingate, R.L. (2010). Rising

DOI: 10.1608/FR]-3.2.4

193

stream and river temperatures in the United States. Frontiers
in Ecology and the Environment, e-view, doi:10.1890/090037.
Retrieved from http://www.frontiersinecology.org, July 2010.

Kendall, M.G. (1970). Rank Correlation Methods. Charles Griffin &
Company Limited, London.

Kibler, VM. & K.P. Kasturi. (2007). Understanding water quality
trading: the basics. Journal of Environmental Monitoring 9,
1302-1305.

Kilgore, M.A.,, Ellefson, PV. & Phillips, M.J. (2003). Ensuring
the application of sound forest practices on private forests:
challenges facing the design and implementation of state

In: Forest Policy for
Private Forestry: Global and Regional Challenges (eds L.D. Teeter,
B.W Cashore, B. Cashore & D. Zhang), pp. 117-128. CABI
Publishing, Wallingford, UK. 307 pp.

Kitchell, J.E, Johnson, M.G., Minns, CK,, Loftus, KH., Greig, L. &
Olver, C.H. (1977). Percid Habitat: the River Analogy. Journal of
the Fisheries Research Board of Canada 34(10), 1936-1940.

Larsson, S. (2005). Thermal preference of Arctic charr, Salvelinus

compliance monitoring programmes.

alpinus, and brown trout, Salmo trutta — Implications for their
niche segregation. Environmental Biology of Fishes 73(1), 89-96.

Lee, P, Smyth, C. & Boutin, S. (2004). Quantitative review of
riparian buffer width guidelines from Canada and the United
States. Journal of Environmental Management 70(2), 165-180.

Leonard, ].B.K. & McCormick, S.D. (1999). Effects of migration
distance on whole-body and tissue-specific energy use in
American shad (Alosa sapidissima). Canadian Journal of Fisheries
and Aquatic Sciencies 56(7), 1159-1171.

Lessard, J.L. & Hayes, D.B. (2002). Effects of elevated water
temperature on fish and macroinvertebrate communities below
small dams. River Research and Applications 19(7), 721-732.

Li, HW., Lamberti G.A. Pearsons, TN. Tait, CK, Li, J.L.
& Buckhouse, J.C. (1994).
disturbances along high desert trout streams of the John Day

Cumulative effects of riparian

basin, Oregon. Transactions of the American Fisheries Society
123(4), 627-640.

Lingley, L., Gregory, D. & Shelly, A. (2009). Compliance Monitoring
Summary Report: Biennium 2006-2007. Forest Practices Division,
Washington State Department of Natural Resources. 71pp.

Madej, M.A,, Currens, C., Ozaki, V., Yee, ]. & Anderson, D.G.
(2006).  Assessing possible thermal rearing restrictions for
juvenile coho salmon (Oncorhynchus kisutch) through thermal

Freshwater Reviews (2010) 3, pp. 147-199


http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/dissenting_opinion_temp.pdf
http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/dissenting_opinion_temp.pdf
http://www.deq.idaho.gov/water/data_reports/surface_water/monitoring/dissenting_opinion_temp.pdf
http://www.ecologyandsociety.org/vol11/iss2/art15/ES-2006-1821.pdf
http://www.ecologyandsociety.org/vol11/iss2/art15/ES-2006-1821.pdf

194

infrared imaging and in-stream monitoring, Redwood Creek,
California. Canadian Journal of Fisheries and Aquatic Sciences
63(6), 1384-1396.

Madrifian, L.F. (2008). Biophysical factors driving the distribution
and abundance of redband/steelhead trout (Oncorhynchus
mykiss gairdneri) in the South Fork John Day River basin, Oregon,
USA. PhD thesis, Department of Fish and Wildlife, Oregon
State University, Corvallis, Oregon. 113 pp. (unpublished).

Marcy, B.C,, Jr., Jacobson, PM. & Nankee, R.L. (1972). Observations
on the reactions of young American shad to a heated effluent.
Transactions of the American Fisheries Society 101(4), 740-743.

Massachusetts DEP (2005). Massachusetts Year 2004 Integrated
List of Waters. Final Listing of the Condition of Massachusetts’
Waters Pursuant to Sections 303(d) and 305(b) of the Clean Water
Act. Massachusetts Department of Environmental Protection,
Worchester, Massachusetts.

McCormick, S.D., Cunjak, R.A., Dempson, B.,, O'Dea, M.F. & Carey,
J.B. (1999). Temperature-related loss of smolt characteristics in
Atlantic salmon (Salmo salar) in the wild. Canadian Journal of
Fisheries and Aquatic Sciences 56(9), 1649-1658.

McCullough, D.A. (1999). A Review and Synthesis of Effects of
Alterations to the Water Temperature Regime on Freshwater Life
Stages of Salmonids, with Special Reference to Chinook Salmon. EPA
910-R-99-010. Prepared for the USEPA, Region 10, Seattle,
Washington. 279 pp. Retrieved from http://maps.critfc.org/
tech/EPAreport.htm, July 2010.

McElhany, P, Ruckelshaus, M.H., Ford, M]J., Wainwright,
T.C. & Bjorkstedt, E.P. (2000). Viable Salmonid Populations
and the Recovery of Evolutionarily Significant Units.  U.S.
Department of Commerce, NOAA Technical Memorandum
NMFS-NWFSC-42. 156 pp.

McPhail, ].D. & Baxter, ].S. (1996). A Review of Bull Trout
(Salvelinus confluentus) Life-history and Habitat Use in Relation
to Compensation and Improvement Opportunities. — Fisheries
Management Report No. 104. Department of Zoology,
University of British Columbia, Vancouver, B.C.

Mears, D.K. (2008). Amicus Curiae briefof National Wildlife Federation
and Sierra Club in support of respondents. In the Supreme

Court of the United States Entergy Corporation, petitioner, v.

Environmental Protection Agency, et al., PSEG Fossil LLC, et al.,

petitioners v.Riverkeeper, Inc,, et al., Utility Water Act Group,

petitioner v.Riverkeeper, Inc., et al. Nos. 07-588, 07-589 and

© Freshwater Biological Association 2010

McCullough, D.A.

07-597.

Meeuwig, M.H. (2000). Thermal effects on growth, feeding, and
swimming of Lahontan cutthroat trout. M.S. thesis, University
of Nevada, Reno. 35pp. (unpublished).

Meeuwig, M.H., Dunham, ].B., Hayes, ].P. & Vinyard, G.L. (2004).
Effects of constant and cyclical thermal regimes on growth and
feeding of juvenile cutthroat trout of variable sizes. Ecology of
Freshwater Fish 13(3), 208-216.

Merriman, D. & Thorpe, LM. (1976). Appendix II. In: The
Connecticut River Ecological Study. The impact of a nuclear
power plant (eds D.Merriman & LM. Thorpe). American
Fisheries Society, Monograph No. 1.

Minshall, G.W. (1996). Bringing biology back into water quality
assessments. In: Freshwater Ecosystems: Revitalizing Educational
Programs in Limnology, pp. 289-324. Committee on Inland
Aquatic Ecosystems. Water Science and Technology Board,
Commission on Geosciences, Environment and Resources,
National Research Council.

Moring, J. (2005). Recent trends in anadromous fishes. Chapter 3.
In: The Decline of Fisheries Resources in New England: Evaluating the
Impact of Overfishing, Contamination, and Habitat Degradation (eds
R. Buchsbaum, J.Pederson & W.E. Robinson), pp. 25-42. MIT
Sea Grant College Program Publication No. 05-5. Cambridge,
Massachusetts. ~ Retrieved from http://massbay.mit.edu/
publications/NEFishResources/Decline%200f%20Fisheries %20
Resources.pdf, 18 July 2010.

Moss, S.A. (1970). The responses of young American shad to
rapid temperature changes. Transactions of the American Fisheries
Societyy 99(2), 381-384.

Murphy, M.L. (1995). Forestry Impacts on Freshwater Habitat of
Anadromous Salmonids in the Pacific Northwest and Alaska —
Requirements for Protection and Restoration. NOAA Coastal
Ocean Program Decision Analysis Series No. 7, NOAA Coastal
Ocean Office, Silver Spring, Maryland.

Nelitzz, M.A, Maclsaac, EA. & Peterman, RM. (2007). A
science-based approach for identifying temperature-sensitive
streams for rainbow trout. North American Journal of Fisheries
Management 27(2), 405-424.

New Hampshire DES (2004a). New Hampshire Final 2004 List
of Designated Uses and Waters that are Fully Supporting each
Use. March 31, 2004.

Environmental Services. 87 pp.

New Hampshire Department of

DOI: 10.1608/FR]-3.2.4


http://maps.critfc.org/tech/EPAreport.htm
http://maps.critfc.org/tech/EPAreport.htm
http://massbay.mit.edu/publications/NEFishResources/Decline%20of%20Fisheries%20Resources.pdf
http://massbay.mit.edu/publications/NEFishResources/Decline%20of%20Fisheries%20Resources.pdf
http://massbay.mit.edu/publications/NEFishResources/Decline%20of%20Fisheries%20Resources.pdf

Are fish populations being protected by temperature standards?

New Hampshire DES (2004b).  Final 2004 List of Threatened
or Impaired Waters that require a TMDL. New Hampshire
Department of Environmental Services. 139 pp.

New Hampshire DES (2005). 2006 Section 305(b) and 303(d)
Consolidated ~ Assessment and ~ Listing Methodology. ~ New
Hampshire = Department of Environmental —Services.
NHDES-R-WD-05-29.

New Hampshire DES (2009). New Hampshire Code of Administrative
Rules, 1 env-ws 1700. Chapter env-ws 1700. Surface Water Quality
Regulations. New Hampshire Department of Environmental
Services, Concord, New Hampshire.

Ney, J.J. (1993). Bioenergetics modeling today: Growing pains on
the cutting edge. Transactions of the American Fisheries Society
122(5), 736-748.

Nielsen, E. & Richardson, K. (1996). Can changes in the fisheries
field in the Kattegat (1950-1992) be linked to changes in primary
production? ICES Journal of Marine Science 53, 988-994.

NMES & USFWS. (2005). Recovery Plan for the Gulf of Maine Distinct
Population Segment of Atlantic Salmon (Salmo salar). National
Marine Fisheries Service, Silver Spring, Maryland, US Fish and
Wildlife Service. 325 pp.

NOAA (2004).  Snake River Steelhead ESU.  Chapter 7.0.
Biological Opinion on Remand. November 30, 2004. National
Oceanographic and Atmospheric Administration, NOAA
Fisheries, Portland, Oregon.

NOAA & USFWS. (1999). 1999 Biological Report on the Status
of Atlantic Salmon. National Oceanographic and Atmospheric
Administration and US Fish and Wildlife Service. 161 pp. Retrieved
from http://www.nmfs.noaa.gov/pr/pdfs/statusreviews/
atlanticsalmon1999.pdf, July 2010.

Normandeau (2003). §316(a) Demonstration in Support of
a Request for Increased Discharge Temperature Limits at
Vermont Yankee Nuclear Power Station during May through
October. Normandeau Associates, Environmental Consultants.
143 pp. (unpublished).

Normandeau (2004). §316(a) Demonstration in Support of
a Request for Increased Discharge Temperature Limits at
Vermont Yankee Nuclear Power Station during May through
October. Normandeau Associates, Environmental Consultants.
367 pp. (unpublished).

Normandeau (2005).

River, Vernon, Vermont.

Ecological studies of the Connecticut

Report 34.  January-December

DOI: 10.1608/FR]-3.2.4

195

2004. Prepared for Entergy Nuclear Vermont Yankee. 77 pp.
(unpublished).
Normandeau (2006). Ecological Studies of the Connecticut
River, Vernon, Vermont. Report 35. January-December 2005.
Normandeau Associates, Environmental Consultants. 103 pp.

(unpublished).

NPCC (2004a). Salmon Subbasin Assessment. Prepared for the
Northwest Power and Conservation Council. Portland,
Oregon. 358 pp.

NPCC (2004b).

by Ecovista for Nez Perce Tribe Watershed Division and

Salmon Subbasin Management Plan.  Written

Shoshone-Bannock Tribes. Northwest Power and Conservation
Council. Portland, Oregon. 221 pp.

ODEQ (2004). Draft Willamette Basin TMDL: Mainstem Temperature.
October 2004.  Chapter 4: Temperature-mainstemn TMDL and
Subbasin Summary. Oregon Department of Environmental
Quality, Portland, Oregon.

ODEQ (2009). Department of Environmental Quality, Water Pollution
Division 41. Water Quality Standards: Beneficial Uses, Policies, and
Criteria for Oregon. Retrieved from http://arcweb.sos.state.or.us/
rules/OARs_300/OAR _340/340_041.html, July 2010.

ODF (2003).
1971-2003.  Prepared by Oregon Department of Forestry Public
Affairs and Private and Community Forests Staff. Salem, Oregon.
Retreived from http://159.121.125.11/FP/BackgroundPg/
EvolutionFPA, July 2010.

Osenberg, C.W., Schmitt, RJ.,, Holbrook, SJ.,, Abu-Saba, K.E. &
Flegal, A.R. (1994). Detection of environmental impacts: natural

The Evolution of Oregon’s Forest Practice Rules,

variability, effect size, and power analysis. Ecological Applications
4(1), 16-30.

Ott, D.S. & Maret, T.R. (2003). Aquatic Assemblages and their Relation
to Temperature Variables of Least-disturbed Streams in the Salmon
River Basin, central Idaho, 2001. Water-Resources Investigations
Report 03-4076. USGS. Boise, Idaho. Prepared in Cooperation
with Idaho Department of Environmental Quality, Boise, Idaho.
Retrieved from http://id.water.usgs.gov/PDF/wri034076/index.
html, October 2010.

Petrosky, C.E., Schaller, HA. & Budy, P. (2001). Productivity
and survival rate trends in the freshwater spawning and
rearing stage of Snake River Chinook salmon (Oncorhynchus
tshawytscha). Canadian Journal of Fisheries and Aquatic Sciences
58(6), 1196-1207.

Freshwater Reviews (2010) 3, pp. 147-199


http://www.nmfs.noaa.gov/pr/pdfs/statusreviews/atlanticsalmon1999.pdf
http://www.nmfs.noaa.gov/pr/pdfs/statusreviews/atlanticsalmon1999.pdf
http://arcweb.sos.state.or.us/rules/OARs_300/OAR_340/340_041.html
http://arcweb.sos.state.or.us/rules/OARs_300/OAR_340/340_041.html
http://159.121.125.11/FP/BackgroundPg/EvolutionFPA
http://159.121.125.11/FP/BackgroundPg/EvolutionFPA
http://id.water.usgs.gov/PDF/wri034076/index.html
http://id.water.usgs.gov/PDF/wri034076/index.html

196

Phillips, M.J., Swift, Jr., LW. & Blinn, C.R. (1999). Best management
practices for riparian areas. Chapter 16. In: Riparian Management
in Forests of the Continental Eastern United States (eds S.Verry,
J. Hornbeck & A. Dolloff), pp. 273-286. Lewis Publishers,
Boca Raton, Florida. Available at http://coweeta.uga.edu/
publications/31.pdf, as at July 2010.

Picard, CR, Bozek, M.A. & Momot, W.T. (2003). Effectiveness
of using summer thermal indices to classify and protect brook
trout streams in northern Ontario. North American Journal of
Fisheries Management 23(1), 206-215.

Pinnegar, ].K. & Engelhard, G.H. (2008). The ‘shifting baseline’
phenomenon: a global perspective. Review of Fish Biology and
Fisheries 18(1), 1-16.

Poole, G.C. & Berman, C.H. (2001). An ecological perspective on
in-stream temperature: natural heat dynamics and mechanisms
of human-caused thermal degradation.  Environmental
Management 27(6), 787-802.

Poole, G.C., Dunham, ].B., Keenan, D.M,, Sauter, S.T., McCullough,
D.A., Mebane, C., Lockwood, J.C., Essig, D.A., Hicks, M.P,
Sturdevant, D.J, Materna, EJ., Spalding, S.A. Risley, J. &
Deppman, M. (2004). The case for regime-based water quality
standards. BioScience 54(2), 155-161.

Rahel, FJ., Keleher, CJ. & Anderson, ].L. (1996). Potential habitat
loss and population fragmentation for cold water fish in the
North Platte River drainage of the Rocky Mountains: response
to climate warming.
1116-1123.

Rechtschaffen, C. (2004). Enforcing the Clean Water Act in the
Twenty-First Century: Harnessing the Power of the Public Spotlight.
Center for Progressive Regulation, Washington, D.C. 32 pp.

Rechtschaffen, C. (2007). Shining the spotlight on European Union
environmental compliance. Pace Environmental Law Review 24,
161-186. School of Law, Pace University. Retreived from http://
digitalcommons.pace.edu/envlaw/522, July 2010.

Limnology and Oceanography 41(5),

Regetz, J. (2002). Landscape-level constraints on recruitment of
chinook salmon (Oncorhynchus tshawytscha) in the Columbia
River basin, USA. Aquatic Conservation: Marine and Freshwater
Ecosystems 13(1), 35-49.

Risley, J.C,, Roehl, Jr, E.A. & Conrads, PA. (2003). Estimating
Water Temperatures in Small Streams in Western Oregon using
Neural Network Models. U.S. Geological Survey. Prepared in
cooperation with the Oregon Watershed Enhancement Board.
59 pp.

Schaller, H.A., Petrosky, C.E. & Langness, O.P. (1999). Contrasting
patterns of productivity and survival rates for stream-type
chinook salmon (Oncorhynchus tshawytscha) populations of the
Snake and Columbia rivers. Canadian Journal of Fisheries and
Aquatic Sciences 56(6), 1031-1045.

Scheller, RM., Snarski, VM. Eaton, J.G. & Oehlert, G.W. (1999).

© Freshwater Biological Association 2010

McCullough, D.A.

An analysis of the influence of annual thermal variables on
the occurrence of fifteen warmwater fishes. Transactions of the
American Fisheries Society 128(2), 257-264.

Schindler, D.W. (1987).  Detecting ecosystem responses to
anthropogenic stress. Canadian Journal of Fisheries and Aquatic
Sciences 44(S1), 6-25.

Selong, ].H., McMahon, TE.,, Zale, A.V. & Barrows, ET. (2001).
Effect of temperature on growth and survival of bull trout, with
application of an improved method for determining thermal
tolerance in fishes. Transactions of the American Fisheries Society
130(6), 1026-1037.

Shuter, BJ. & Post, JR. (1990). Climate, population viability,
and the zoogeography of temperate fishes. Transactions of the
American Fisheries Society 119(2), 314-336.

Sloat, MR, Shepard, B.B.,, White, RG. & Carson, S. (2005).
Influence of stream temperature on the spatial distribution of
westslope cutthroat trout growth potential within the Madison
River basin, Montana. North American Journal of Fisheries
Management 25(1), 225-237.

Sloat, MR, White, RG. & Shepard, B.B. (2002). Status of
westslope cutthroat trout in the Madison River basin: influence
of dispersal barriers and stream temperature. Intermountain
Journal of Sciences 8(3), 153-177.

Strange, E.M.,, Lipton, J., Beltman, D. & Snyder, B. (2003). Scientific
and societal considerations in selecting assessment endpoints
for environmental decision-making. In: Defining and Assessing
Environmental Impact from Power Plant Impingement and
Entrainment of Aquatic Organisms (eds D.A. Dixon, J.A. Veil &
J.Wisniewski), pp. 12-20. A.A. Balkema Publishers, Lisse, The
Netherlands. 292 pp.

Sullivan, K., Martin, D.J.,, Cardwell, R.D., Toll, J.E. & Duke, S.
(2000). An Analysis of the Effects of Temperature on Salmonids of
the Pacific Northwest with Implications for Selecting Temperature
Criteria. Sustainable Ecosystems Institute, Portland Oregon.
192 pp.

Super, RW. & Gordon, D.K. (2003). Minimizing adverse
environmental impact: how murky the waters. In: Defining and
Assessing Environmental Impact from Power Plant Impingement and
Entrainment of Aquatic Organisms (eds D.A. Dixon, J.A. Veil &
J.Wisniewski), pp. 213-230. A.A. Balkema Publishers, Lisse, The
Netherlands. 292 pp.

Talabere, A.G. (2002). Influence of water temperature and beaver
ponds on Lahontan cutthroat trout in a high-desert stream,
southeastern Oregon. M.S. Thesis, Oregon State University,
Corvallis, Oregon. 45 pp. (unpublished).

Todd, AS., Coleman, M.A., Konowal, A.M., May, M.K,, Johnson,
S., Vieira, NKM. & Saunders, J.E. (2008). Development of
new water temperature criteria to protect Colorado’s fisheries.
Fisheries 33(9), 433-443.

DOI: 10.1608/FR]-3.2.4


http://coweeta.uga.edu/publications/31.pdf
http://coweeta.uga.edu/publications/31.pdf

Are fish populations being protected by temperature standards?

USFWS & Maine ASC (2006). Maine Atlantic Salmon Habitat
Atlas. US Fish and Wildlife Service, Gulf of Maine Coastal
Program, and Maine Atlantic Salmon Commission. Retrieved
from http://pearl. maine.edu/windows/salmon/habitat_maps.
htm, July 2010.

van Winkle, W,, Dey, WP, Jinks, S.M., Bevelhimer, M.S. & Coutant,
C.C. (2003). A blueprint for the problem formulation phase of
EPA-Type ecological risk assessments for 316(b) determinations.
In: Defining and Assessing Environmental Impact from Power Plant
Impingement and Entrainment of Aquatic Organisms (eds D.A.
Dixon, J.A. Veil & J.Wisniewski), pp. 264-290. A.A. Balkema
Publishers, Lisse, The Netherlands. 292 pp.

VEC (2008). State of Vermont Environmental Court. Entergy Nuclear/
Vermont Yankee Thermal Discharge Permit Amendment. Docket
No. 89-4-06 Vtec. May 22, 2008.

Vermont ANR (2008).  State of Vermont, 2008 Water Quality
Assessment.  Clean Water Act Section 305b report. Vermont
Agency of Natural Resources, Department of Environmental
Conservation.

Vermont DEC (2006). State of Vermont 2006, 303(d) List of Waters.
Part A — Impaired Surface Waters in need of TMDL. Vermont
Department of Environmental Conservation, Waterbury,
Vermont.

Vermont NRB (2008). Vermont Water Quality Standards. Vt. Code
R. 12 004 052. Effective January 1, 2008. Natural Resources
Board, Montpelier, Vermont. Retrieved from http://www.nrb.
state.vt.us/wrp/rules.htm, July 2010.

Walter, R.C. & D.J. Merritts (2008). Natural streams and the legacy
of water-powered mills. Science 319(5861), 299-304.

Webster-Martin, Inc. (1968). Ecological Studies of the Connecticut
River, Vernon, Vermont. Vermont Yankee Nuclear Power Corporation,
1967-1968.  Prepared for Vermont Yankee Nuclear Power
Corporation. 172 pp.

Webster-Martin, Inc. (1971). Ecological studies of the Connecticut
River, Vernon, Vermont. Preoperational Report. Prepared
for Vermont Yankee Nuclear Power Corporation. 639 pp.
(unpublished).

Wehrly, KE., Wang, L. & Mitro, M. (2007). Field-based estimates
of thermal tolerance limits for trout: incorporating exposure
time and temperature fluctuation. Transactions of the American
Fisheries Society 136(2), 365-374.

Welsh, HH., Hodgson, G.R,, Harvey, B.C. & Roche, MLE. (2001).
Distribution of juvenile coho salmon in relation to water
temperatures in tributaries of the Mattole River, California.
North American Journal of Fisheries Management 21(3), 464-470.

Willey, WS. (2004). Energetic response of juvenile coho salmon
(Oncorhynchus kisutch) to varying water temperature regimes
in northern California streams. M.S. thesis, Humboldt State
University, Arcata, California. 82 pp. (unpublished).

DOI: 10.1608/FR]-3.2.4

197

Williams, TM., Lipscomb, D.J. & Post, CJ. (2004). Defining
streamside management zones or riparian buffers. In:
Proceedings of the 12th Biennial Southern Silvicultural Research
Conference. General Technical Report SRS-71 (ed. K.F. Connor),
pp- 378-383. U.S. Department of Agriculture, Forest Service,
Southern Research Station, Asheville, NC. 594 pp.

I am a senior fisheries scientist for the Columbia River
Inter-Tribal Fish Commission in Portland, Oregon
with a background in stream ecology. I have worked
for over 25 years for four Native American tribes
with treaty fishing rights on the Columbia River.
My work has focused on technical analysis of water
quality, salmonid habitat, and land management in
the interest of protecting and restoring stream and
watershed conditions in the ancestral tribal lands.

Freshwater Reviews (2010) 3, pp. 147-199


http://pearl.maine.edu/windows/salmon/habitat_maps.htm
http://pearl.maine.edu/windows/salmon/habitat_maps.htm
http://www.nrb.state.vt.us/wrp/rules.htm
http://www.nrb.state.vt.us/wrp/rules.htm

198

Glossary

McCullough, D.A.

Commonly used acronyms and terms:

303(d)

303(d) report/list

305(b)

305(b) report

316(a)

316(b)

AEIL

Antidegradation
BIC
BIP

BMP

CFR

CWA

Designated beneficial

use

EPA

IBI
Kendall-Tau b

NPS

NPDES
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A section of the Clean Water Act (CWA). It specifies that water bodies not meeting water quality standards
after point sources have had pollution control technology applied, will be listed in a statutory report
(commonly referred to as the “303(d) List’). Listed water bodies require development of a TMDL.

A report to EPA required under the CWA that lists all waterbodies not meeting water quality standards set
individually by each State to meet all State-designated uses of the waterbodies. When a waterbody is placed
on the 303(d) list for a water temperature impairment, the State must develop a TMDL that defines how
thermal loads will be managed to fully protect the designated beneficial use(s).

A section of the CWA requiring EPA and the States to submit a biennial report to Congress detailing water
quality by State.

A report that is required to be submitted to EPA by each US State every two years stating the water quality
condition of all navigable waters and the extent to which they provide protection and propagation of a
balanced population of shellfish, fish, and wildlife, and allow recreational activities.

A section of the CWA that regulates point-source thermal discharges into water bodies. A permittee (e.g.
power plant owner) interested in gaining a thermal variance may conduct a 316(a) ‘demonstration” to show
that a ‘balanced indigenous population’ [interpreted as community] will be maintained. Harm to the BIP was
interpreted by EPA (1977a) as impairment to growth, development, reproduction, survival and distribution.

A section of the CWA requiring that power plant cooling water intake structures use best technology available
(BTA) to minimise adverse environmental impact (AEI). Cooling water intake impacts to be considered in
this section include organism impingement and entrainment.

Adverse Environmental Impact. AEI was interpreted by EPA (1977a) as absolute or percentage damage
to fish impinged or entrained, or to endangered, commercially valuable or sport species, important aquatic
species, and to the BIP.

This is a policy under the CWA to prevent deterioration of good water quality.
Balanced indigenous community. BIC was interpreted by EPA (1977a) to be equivalent to BIP.

Balanced indigenous population. The BIP consists of desirable species of fish, shellfish and wildlife that are
essential components of the foodweb, but may also include desired, introduced species.

Best Management Practices. BMPs are considered to be best procedures for controlling pollution sources and
are employed in TMDL implementation plans to control thermal sources.

Code of Federal Regulations. This is the codification of rules published in the Federal Register by executive
departments and agencies of the US Government, published under 50 titles representing subjects under
Federal regulation.

Clean Water Act. This is the major US environmental law, passed in 1972, dealing with regulation of surface
water pollution.

A purpose or benefit to be derived from a water body and which is formally designated for the water body.
Potential beneficial uses include watering of livestock irrigation, aquatic life, recreation involving contact with
the water, municipal or domestic supply, industrial supply, propagation of wildlife, waters of extraordinary
ecological or aesthetic value, and enhancement of water quality. States may tailor beneficial uses to local
conditions, such as subdividing aquatic life uses as coldwater fish or warmwater fish uses. The CWA
requires States to designate one or more beneficial uses for each waterbody. Water quality standards must
then be devised so that designated beneficial uses are fully protected, especially the most sensitive use

US Environmental Protection Agency. EPA is an agency of the US Government charged with protecting
human health and environmental quality. It interprets and enforces laws created by Congress.

Index of Biotic Integrity. This is a multimetric index of community composition.

This is a nonparametric statistical test of rank correlation between two variables (Kendall, 1970). This statistic
has values of -1 to +1.

Non-point source pollution. Common sources of NPS pollution are the diffuse runoff from agricultural,
urban and forestry lands.

National Pollutant Discharge Elimination System. Section 402 of the CWA requires that industries obtain an
NPDES permit with TBELs and/or WQBELSs, and monitor and report pollution discharges.
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oT

PS
RBP

RIS

TBEL

TMDL

usC

UUILT

WQOBEL

WQS

Natural Thermal Potential. NTP is an estimate of the thermal regime without prior anthropogenic
modification.

Optimal temperature. OT for a certain life stage is generally identified as that temperature that maximises
growth rate and survival.

Point source. This is a source of pollution typically emanating from a pipe, ditch, or animal feedlot.

Rapid Bioassessment Protocol. This is a set of protocols for characterising periphyton, macroinvertebrate and
fish communities to assess reference and impaired stream conditions.

Representative Important Species. RISis a set of species considered representative of a BIC. Itis assumed that
if they are protected, the entire community will be protected.

Technology-based effluent limitations. TBELs are effluent limitations required by EPA for the discharge
from a particular industrial plant, regardless of the quality of the receiving water.

Total Maximum Daily Load. Itis a calculation of the maximum pollutant load permissible that will still result
in water quality standards being met. This is followed by an implementation plan to meet standards.

US Code. The USC is the codification of the permanent laws of the US under 50 titles, published by the US
House of Representatives.

Ultimate Upper Incipient Lethal Temperature. UUILT is the highest UILT possible under conditions where
organisms with prior temperature acclimation are then subjected to a test temperature for a period of either
1000 min or 24 h, producing 50 % survival.

Water quality-based effluent limitations. WQBELS are effluent limitations imposed on a point source and
are based on the water quality standards for the receiving water body designed to support a designated
beneficial use.

Water quality standard. WQSs include designated uses, water quality criteria (narrative or quantitative), and
antidegradation provisions.

Acronyms used to describe water temperature statistics:

7DADM
MWMT

MDMT (and MDT)
MWAT (physical)

MWAT (biological)
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7-day average of the daily maximum. 7DADM is the same as MWMT.

Maximum weekly maximum temperature. MWMT is the highest 7-day running average of daily maximum
temperatures during a year.

Maximum daily maximum temperature.

Maximum weekly average temperature. MWAT is the largest 7-day running average of daily average
temperatures, generally computed from hourly temperatures.

Maximum weekly average temperature. MWAT (biological) is computed by an equation relying on OT and
UUILT EPA (1973). A physical MWAT under field conditions equal to the biological MWAT is assumed to
be protective (EPA 1973).
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