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1 INTRODUCTION

The Endangered Species Act of 1973, as amended (ESA; 16 U.S.C. §1531 et seq.) establishes a
national mandate for conserving threatened and endangered species of fish, wildlife, plants, and
the habitat on which they depend. Section 7(a)(2) of the Act and its implementing regulations
require every Federal agency, in consultation with and with the assistance of the Secretary (16
U.S.C. §1532(15)), to insure that any action it authorizes, funds, or carries out, in whole or in
part, in the United States or upon the high seas, is not likely to jeopardize the continued existence
of any listed species or results in the destruction or adverse modification of critical habitat.

Section 7(b)(3) of the ESA requires that, at the conclusion of consultation, NMFS provide an
opinion stating whether the federal agency’s action is likely to jeopardize ESA-listed species or
destroy or adversely modify their critical habitat. If NMFS determines that the action is likely to
jeopardize species or destroy or adversely modify critical habitat, NMFS provides a reasonable
and prudent alternative that allows the action to proceed in compliance with section 7(a)(2) of
the ESA. If the action (or reasonable and prudent alternative) is expected to cause incidental take
without violating section 7(a)(2), section 7(b)(4), as implemented by 50 CFR §402.14(i), requires
NMES to provide an incidental take statement (ITS) that specifies the amount or extent of
incidental taking. Take in the ESA is to harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct (16 U.S.C. §1532(19)). The ITS
includes reasonable and prudent measures, which are actions necessary or appropriate to
minimize impacts of incidental taking and terms and conditions to implement the reasonable and
prudent measures.

The Federal action agency for this consultation is the U.S. Environmental Protection Agency
(EPA). Pursuant to Section 303(c)(4)(B) of the Clean Water Act (CWA), the EPA issued an
Administrator’s Determination finding that a revised designated use to protect aquatic life
propagation and corresponding dissolved oxygen (DO) criteria to protect that use were necessary
in Zones 3, 4, and Upper Zone 5 of the Delaware River (Specified Zones). The affected areas
comprise 38.4 mi (61.8 km, Figure 1) identified as Zone 3 at 108.4-95 rm (174.4-152.9 rkm),
Zone 4 at 95-78.8 rm (152.9-126.8 rkm), and the Upper Portion of Zone 5 at 78.8-70.0 rm
(126.8-112.6 rkm). The revised use applies only to New Jersey and Pennsylvania because
Delaware already has an aquatic life designation for the Delaware River that includes
propagation. On December 21, 2023, EPA released a proposed rule to establish water quality
standards (i.e. designated use and numeric DO criteria) consistent with the Administrator’s
Determination (EPA's Action).

Updates to the regulations governing interagency consultation (50 CFR Part 402) were effective
on May 6, 2024 (89 Fed. Reg. 24268). We are applying the updated regulations to this
consultation. The 2024 regulatory changes, like those from 2019, were intended to improve and
clarify the consultation process, and, with one exception from 2024 (offsetting reasonable and
prudent measures), were not intended to result in changes to the Services’ existing practice in
implementing section 7(a)(2) of the Act (89 Fed. Reg. 24268; 84 Fed. Reg. 45015). We have
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considered the prior rules and affirm that the substantive analysis and conclusions articulated in
this biological opinion and incidental take statement would not have been any different under the
2019 regulations or pre-2019 regulations.

Consultation in accordance with section 7(a)(2) of the statute (16 U.S.C §1536(a)(2)), associated
implementing regulations (50 CFR Part 402), and agency policy and guidance (NMFS/USFWS
1998) was conducted by the NMFS Office of Protected Resources (OPR) ESA Interagency
Cooperation Division (hereafter referred to as ‘we’ or ‘us’). We prepared this biological opinion
(opinion) and ITS in accordance with section 7(b) of the ESA and implementing regulations at
50 CFR Part 402. This document represents NMFS’s opinion on the effects of EPA's Action on
the endangered shortnose sturgeon (Acipenser brevirostrum), the endangered New York Bight
distinct population segment (DPS) of the Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus)
and critical habitat designated for this DPS in the Delaware River. This opinion also considered
the effects of EPA's action on species affected by water quality in the Specified Zones of the
Delaware River.

We completed pre-dissemination review of this document using criteria for utility, integrity, and
objectivity in compliance with applicable guidelines issued under the Data Quality Act (DQA;
section 515 of the Treasury and General Government Appropriations Act for Fiscal Year 2001,
Public Law 106-554). This opinion will be available in the NOAA Library Institutional
Repository. A complete record of this consultation is on file electronically with the NMFS OPR
in Silver Spring, Maryland.

1.1 Background

Section 101(a)(2) of the CWA establishes a national goal of “water quality which provides for
the protection and propagation of fish, shellfish, and wildlife, and provides for recreation in and
on the water,” wherever attainable (designated uses, see also 40 CFR §131.2). EPA’s regulation,
at 40 CFR §131.10(g), implements this statutory provision by requiring that water quality
standards protect designated uses unless those uses are shown to be unattainable. Under Section
303(c) of the CWA, states have the primary responsibility for reviewing, establishing, and
revising water quality standards, including numeric criteria, applicable to their waters. Aquatic
life criteria protect designated uses targeted toward aquatic life, such as survival, growth, and
reproduction of fish, invertebrates, and other aquatic species. Water quality standards define the
desired condition of a water body, in part, by designating the use or uses to be made of the water
(40 CFR §131.2 and 131.10) and by setting the numeric or narrative water quality criteria to
protect those uses. For waters with multiple use designations, the criteria shall support the most
sensitive use (40 CFR §§131.2 and 131.11).

1.1.1 EPA’s Oversight Role under the CWA

The CWA establishes a system of cooperative federalism under which states, tribes, and
territories are responsible for addressing water pollution and the EPA exercises a largely
oversight role. Specifically, the CWA authorizes EPA to:
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e Recommend guidelines for surface water conditions under §304(a) of the CWA.
e Approve or disapprove water quality standards proposed for adoption by states, tribes or
territories under Section §303(c) of the CWA. The proposed standards could be:
o §304(a) guidelines as recommended by EPA,
o modified §304(a) guidelines that reflect specific conditions (e.g., cold water
streams),
o a scientifically defensible alternative to the 304(a) guidelines;
e Promulgate water quality standards under 303(c)(4) of the CWA;
e Approve or disapprove and promulgate state water quality assessments and classification
of aquatic impairments under §305(b) and §303(d) — referred to as Integrated Reports;
e Approve or disapprove and promulgate state pollutant load allocations to restore impaired
waters under §303(d) — referred to as Total Maximum Daily Loads (TMDL);
e Approve, under §402(b), a state pollutant National Pollutant Discharge Elimination
System (NPDES) permitting program;
e Object, under §402(b)(5) and §402(d)(2), to state pollutant discharge permits that are not
protective and/or are inconsistent with the CWA;
e Federalize a state pollutant discharge permit under §402(d)(4) if EPA’s objections are not
adequately addressed;
e Enforce state pollutant discharge permit violations under §402(i), and
e Withdraw, under §402(c) EPA's approval of a state pollutant discharge permitting
program.

While the CWA provides for interventions by EPA, cooperation and collaboration is EPA’s
priority when working with the states, territories, and tribes in implementing the CWA.

1.1.2 The Delaware River Basin Commission

Predating the CWA, the Delaware River Basin Compact of 1961 established a regional
partnership between states and the federal government, the Delaware River Basin Commission
(DRBC), charged with watershed-based planning and management of the Delaware River
Basin’s water resources. Pursuant to the Delaware River Basin Compact, which predated the
CWA, DRBC adopts water quality standards for the Delaware River Estuary. However, as noted
above, under the CWA, states have the primary responsibility for reviewing, establishing, and
revising water quality standards applicable to their waters, and must submit new or revised water
quality standards to EPA for review and approval or disapproval. For the Delaware River, water
quality standards are coordinated across the state, regional, and federal levels. This process
begins when DRBC adopts water quality standards for the Delaware River Estuary. To comply
with CWA Section 303(c), the states of New Jersey, Delaware, and Pennsylvania have
provisions in their state water quality standards regulations that explicitly reference or implicitly
incorporate DRBC’s water quality standards as the applicable water quality standards for the
portions of the river under their jurisdiction. When DRBC adopts new or revised water quality
standards, each relevant member state submits a certification to EPA from that state’s attorney
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general or other appropriate legal authority, in accordance with 40 CFR §131.6(¢e). Those
certifications provide that DRBC’s new or revised water quality standards were duly adopted
pursuant to state law. EPA then reviews whether those water quality standards are consistent
with the CWA and EPA’s implementing regulation and approves or disapproves them.

1.1.3 Administrator’s Decision

On December 1, 2022, the Assistant Administrator for the EPA issued an Administrator’s
Determination, pursuant to CWA Section §303(c)(4)(B), that revised water quality criteria (water
quality standards) to protect aquatic life from rm 108.4 to rm 70.0 (rkm 174.4 to rkm 112.6) of
the Delaware River Estuary in New Jersey, Delaware, and Pennsylvania are necessary to satisfy
the requirements of the CWA. The current aquatic life designated uses for the Specified
Zonesare “maintenance of resident fish and other aquatic life” and “passage of anadromous fish”
with an associated DO criterion of 3.5 mg/L as a daily average. These water quality standards do
not include protections specified in CWA Section §101(a)(2) to provide for the “propagation of
fish” and there is now abundant evidence that fish species previously thought to survive but not
reproduce in the Delaware River Estuary have, in fact, been propagating there to some extent for
at least two decades. Information on ambient DO concentrations and evidence that further
improvements in those ambient concentrations are attainable indicate that the CWA Section
101(a)(2) use of “propagation” is attainable for Zones 3, 4, and Upper Zone 5 of the Delaware
River (Specified Zones). The affected areas comprise 38.4 mi (61.8 km, Figure 1) identified as
Zone 3 at 108.4-95 rm (174.4-152.9 rkm), Zone 4 at 95-78.8 rm (152.9-126.8 rkm), and the
Upper Portion of Zone 5 at 78.8-70.0 rm (126.8-112.6 rkm).

EPA’s regulation at 40 CFR §131.20(a) requires that states revise their water quality standards if
new information indicates that CWA Section §101(a)(2) uses that were previously not included
in the water quality standards are attainable. Therefore, to be consistent with the CWA and
EPA’s implementing regulation, the applicable aquatic life designated uses and corresponding
DO criterion in the Specified Zones of the Delaware River Estuary were revised to protect the
propagation of resident and migratory fish species.
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Figure 1. Map of Delaware River Basin and Specified Zones

1.1.4 Consultation History

On August 3, 2022, EPA Region 3 requested a meeting with NMFS staff to discuss
revising the use designation for Specified Zones of the Delaware River to include fish
propagation and revisions to the DO criteria for the Specified Zones to meet the revised
use designation.

On August 26, 2022, EPA and NMFS met virtually to discuss the proposed water quality
standards changes, the status of the New York Bight DPS of Atlantic sturgeon, and the
need to use DO saturation rather than concentration for DO water quality standards.

On February 8, 2023, EPA and NMFS met virtually to further discuss the proposed water
quality standards changes and the Administrator’s Determination and Rulemaking
Petition to Revise the Designated Uses and DO Criteria for Three Zones of the Delaware
Estuary. NMFS sent research papers concerning the presence of Atlantic sturgeon in the

Delaware River and population and genetic modeling for Atlantic sturgeon to EPA via
email.
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On June 8, 2023, EPA and NMFS met virtually to continue discussions of the proposed
water quality standards changes. EPA presented their strategy for addressing saturation-
based DO criteria versus the water quality standards proposed by the DRBC.

On June 12, 2023, EPA sent NMFS the slide deck from the June 8th call and a set of
questions for NMFS to respond to via email.

On July 12, 2023, NMFS responded to EPA’s questions via email.

On September 7, 2023, EPA informed NMFS via email that DRBC will no longer
proceed with its own rulemaking to update the aquatic life designated uses and DO
criteria for the Delaware River and will defer to EPA’s rulemaking.

On October 26, 2023, EPA requested, via email, confirmation of the species potentially
affected by its action as identified in the Greater Atlantic Region’s ESA section 7
mapper.

On December 15, 2023, EPA notified NMS via email that EPA released a pre-publication
version of the proposed DO water quality standards rule for the Delaware Estuary and
that a draft biological evaluation (BE) was under development.

On January 30, 2024, EPA transmitted its draft BE and the DO criteria technical support
document via email for review by NMFS.

On February 20, 2024, EPA informed NMFS that the Philadelphia Water Department
generated its own technical analysis via email. EPA asked NMFS for feedback on some
of the assertions made in the analysis during a call on March 11, 2024.

From March 11 to June 11, 2024, EPA and NMFS revised and reviewed EPA’s draft BE.
On July 1, 2024, EPA sent its final BE and request for formal consultation to NMFS via
email.

On August 22, 2024, NMFS sent our proposed Reasonable and Prudent Measures
(RPMs) and implementing terms and conditions in the ITS that will accompany the
opinion to EPA via email for review and comment.

On September 4, 2024, EPA agreed via email they would be able to implement the
RPMs.

2 ANALYTICAL APPROACH

This opinion includes a jeopardy analysis for the endangered shortnose sturgeon and the
endangered New York Bight DPS Atlantic sturgeon. We use the following approach to
determine whether the action agency is able to insure its proposed action is not likely to
jeopardize listed species or destroy or adversely modify critical habitat:

Identify all aspects of the proposed action (as defined in 50 CFR §402.02), including
activities that rely on the action for their occurrence.

Identify the physical, chemical, and biological modifications to land, water, and air
(stressors) that result from those actions and subsequent activities. Modifications to land
water or air that have no effect to listed species are not considered stressors and therefore
not considered in the opinion.
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e Establish the aerial extent of those stressors, which is the action area (50 CFR §402.02).

o Identify the listed species (as defined at 16 U.S.C. §1532(16)) and designated critical
habitat (as defined at 16 U.S.C. §1532(5)) in the action area.

e Identify the species and critical habitats that are not likely to be adversely affected by the
action.

e [Evaluate the range-wide status of the species and critical habitat expected to be adversely
affected by the proposed action.

¢ Evaluate the environmental baseline (as defined in 50 CFR §402.02) as it pertains to the
species and critical habitat.

e Evaluate the effects of the proposed action on listed species and their designated critical
habitat using an exposure-response approach. When complete, this section anticipates the
amount or extent, as well as the forms (harass, harm, etc.), of take of listed species (or a
surrogate) that is reasonably certain to occur as a result of the action, as well as the extent
of effects to critical habitat.

e Evaluate cumulative effects (as defined at 50 CFR §402.02).

e Produce an integration and synthesis, where we add the effects of the action and
cumulative effects to the environmental baseline, and, in light of the status of the species
and critical habitat, analyze whether the proposed action is likely to jeopardize the
continued existence of listed species or destroy or adversely modify critical habitat.

e Compile our jeopardy and destruction or adverse modification analyses conclusions
relying on the justification in the integration and synthesis.

If the opinion determines the action agency failed to insure its action is not likely to jeopardize
the continued existence of listed species or destroy or adversely modify critical habitat, we
suggest a reasonable and prudent alternative to the proposed action and assess the effects of that
alternative action.

In each of the steps above, we rely on the best scientific and commercial data available. In order
to ensure we reach supportable conclusions, this opinion is based on our review of the BE and
enclosure submitted by EPA, and various other information sources, including:

e Water quality monitoring reports;

e Government reports (including NMFS biological opinions and stock assessment reports);
e National Oceanic and Atmospheric Administration (NOAA) technical memoranda; and
e Peer-reviewed literature.

3 PROPOSED FEDERAL ACTION

Action means all activities or programs of any kind authorized, funded, or carried out, in whole
or in part, by Federal agencies. Examples include, but are not limited to: 1) actions intended to
conserve listed species or their habitat; 2) the promulgation of regulations; 3) the granting of
licenses, contracts, leases, easements, rights-of-way, permits, or grants in aid; or 4) actions
directly or indirectly causing modifications to the land, water, or air (50 CFR §402.02).
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In order to achieve the designated use for the propagation of aquatic life, the Administrator's
Determination requires promulgation of DO criteria for Delaware, New Jersey, and
Pennsylvania. Hereafter, this opinion will use the term "EPA's Action" to identify the
promulgated designated use propagation of aquatic life and supporting DO criteria in Specified
Zones of the Delaware River.

3.1 Designated Use for the Propagation of Aquatic Life

Because EPA's Administrator determined that the propagation of aquatic life is attainable in the
Specified Zones of the Delaware River and EPA’s regulation at 40 CFR §131.20(a) requires that
states revise their water quality standards if uses that were previously not included in the water
quality standards are attainable, EPA is proposing to promulgate a designated use to achieve
“water quality which provides for the protection and propagation of fish, shellfish, and wildlife”
for New Jersey and Pennsylvania in the Specified Zones for 38.4 mi (61.8 km) of the Delaware
River (see Figure 1). As explained previously, the promulgated use applies only to New Jersey
and Pennsylvania because Delaware already has an aquatic life designation for the Delaware
River that includes propagation.

The use designation establishes a desired purpose for the Delaware River. It does not identify
water quality conditions necessary to achieve this purpose nor does it identify stressors or
exposure intensities that can be evaluated in terms of effects to ESA-listed species or designated
critical habitat.

We note that, in establishing this use, criteria for other water quality factors or pollutants
determined to be limiting aquatic life propagation may become subject to revision. Potential
changes to other water quality standards resulting from promulgating the designated use would
be subject to separate ESA section 7 consultation and is not addressed in this opinion

3.2 The DO Criteria

The current dissolved oxygen criteria for the Specified Zones of the Delaware River are 3.5
mg/L during the summer months and 6.5 mg/L as a seasonal average during the periods of April
1 to June 15 and September 16 to December 31 (USEPA 2023). Based on 20 years of continuous
monitoring data from two USGS monitoring stations, one at Penn's Landing, at rm 99.5 (rkm
160) and Chester, about 17.4 mi (27 km) upstream at rm 82.5 (rkm 133, Figure 1). The specified
Zones comply with these criteria (Figure 2). However, these conditions are not optimal for the
survival and growth of oxygen-sensitive species such as Atlantic and shortnose sturgeon
(Campbell and Goodman 2004; Jenkins et al. 1993; Moberg and DeLucia 2016; Niklitschek and
Secor 2009; Stoklosa et al. 2018; USEPA 2023) and conditions supporting the propagation of
such species in the Delaware River are achievable through implementation of technically feasible
advanced treatments of key discharges to the estuary (DRBC 2022).
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Figure 2. Individual Observations Between 2002 and 2022 (Circles) and Daily Median (Red) Illustrating the
Seasonal Distribution of Dissolved Oxygen Saturation (top panels) and Concentration (Bottom Panels) at the
Chester (Left Panels) and Penn’s Landing (Right Panels) Monitoring Stations (Figure 2 from USEPA, 2023)

EPA proposes to promulgate more stringent DO criteria that are based on the percent oxygen
saturation of water rather than concentration because saturation reflects the maximum rate at
which aquatic organisms can absorb oxygen from the water and is thus a more relevant measure
of exposure than oxygen concentration (Niklitschek and Secor 2009). EPA based the proposed
DO criteria on the oxygen requirements of juvenile Atlantic sturgeon, a Federally endangered
species that is among the most oxygen-sensitive species identified for the Specified Zones of the
Delaware River (Stoklosa et al. 2018). This is expected to protect Atlantic sturgeon and other
oxygen-sensitive aquatic life, including shortnose sturgeon, in the Specified Zones. EPA’s
proposed criteria apply to three seasons (Table 1): Spawning and Larval Development (March 1
— June 30); juvenile development (July 1 — October 31); and Overwintering (November 1 —
February 28/29). (Niklitschek and Secor 2009)
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Table 1. Proposed Delaware River DO criteria from river mile 108.4 to river mile 70

Season Daily average Maximum frequency
percent below criteria per
saturation season

Spawning, Larval Development, and Continued 10%

Growth for age 1 fish (March 1 — June 30, 121 66% 0 .

(12 Days Cumulative)
days)

Juvenile Development 66% 10% _

(July 1 — October 31, 122 days) (12 Days Cumulative)

50%
o
3% (61 Days Cumulative)
Overwintering 0 10%
(November 1 — February 28/29, 119/120 days) | 86% (12 Days Cumulative)

Under the proposed criteria, no more than 12 days within any season can have a daily average
DO saturation below 66% and, during the juvenile development period, at least half of the daily
averages must be above 73% saturation. For context a DO concentration of 3.5 mg/L under the
summertime water column temperatures over atypical 25-28°C range corresponds to a DO
saturation of about 42%-45%. Because oxygen solubility decreases with increasing temperature,
identifying a protective threshold for the warmer growth and development period for Atlantic
sturgeon addresses challenging DO conditions. EPA expects that a threshold protecting juveniles
during this time would also be protective for larvae and overwintering juveniles experiencing
cooler water temperatures.

In some systems, water column stratification, with depleted DO in the cooler bottom strata and
improving DO conditions at warmer, shallower depths, may cause sturgeon to abandon deep
waters where their preferred prey occur and swim to shallower layers with higher DO, but
limited foraging and higher temperatures. The water column of the Specified Zones of the
Delaware River where the criteria will be in effect is not stratified, it is well mixed due to strong
tidal influence. For this reason, EPA’s proposed criteria are intended to apply to the entire water
column, from surface to bottom (page 8, USEPA 2024a).

EPA expects that waters meeting these criteria will achieve a habitat suitability index (HSI)
greater than zero, providing a net increase in fish biomass by promoting juvenile growth during
the initial growth period. EPA followed the modeling approach of Niklitschek and Secor (2005)
using 20 years of continuous monitoring data from two USGS monitoring stations, one at Penn's
Landing, at rm 99.5 (rkm 160) and Chester, about 17.4 mi (27 km) upstream at rm 82.5 (rkm
133) to characterize conditions in the Specified Zones (Figure 1). EPA defined the HSI for
Atlantic sturgeon as the average instantaneous young of year (YOY) daily production potential
from July 1 to October 31. When HSI is less than or equal to zero, seasonal average mortality
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rates are greater than or equal to seasonal average growth rates and the overall biomass of the
cohort is likely to decrease, reducing the potential for propagation, or recruitment, of juveniles to
the population. Conversely, a cohort of juveniles utilizing habitat with HSI greater than zero has
the potential to increase its biomass during the Juvenile Development Season, thus increasing the
likelihood of successful propagation. The predicted HSI value relies on an expected distribution
of percent oxygen saturation values during this critical season. EPA selected 66% and 73%
saturation limits to maintain the desired distribution of percent oxygen saturation as thresholds at
or above which median HSI is expected to be greater than zero. Improved DO conditions will
also benefit older juveniles. Year one fish continue to grow in the spring after overwintering and
may reside in brackish water of their natal river for 1 to 5 years before moving into nearshore
coastal waters.

3.3 Uncertainty

The BE acknowledges that its model may have arrived at DO thresholds that are less protective
than optimal conditions because it did not account for likely higher water temperatures due to
climate change, stressors other than temperature, and the optimized laboratory conditions for fish
used in the studies providing data for the model. The model also did not take into account the
ability of fish to avoid low DO conditions, assuming refugia are or will be available, which
would result in overestimating the effect threshold. Of course, the modeled HSI is based on data
for fish raised in a laboratory setting and the actual HSI to enable long-term sturgeon population
recovery in the wild is unknown.

3.4 Implementation

EPA’s role in implementing DO criteria is limited to its oversight authority (see Section 1.1.1).
EPA’s BE reports that the DRBC is leading efforts to develop implementation guidance to be
used by the states and other partners. EPA receives copies of all permit applications and permit
actions taken by the State agency except those for which EPA permit review has been waived.
EPA can comment on, object to, or make recommendations for proposed permits. If EPA issues
a specific objection to the issuance of a permit, the objection includes a written statement of the
reasons for the objection and the actions that must be taken by the State Director to eliminate the
objection, such as effluent limitations and conditions the permit would include, if it were issued
by the Administrator. In addition, 40 CFR §§124.10(c)(1)(iv) and (e) require that States provide
notice and copies of the draft permits and related documents to the U.S. Fish and Wildlife
Service and NMFS (collectively called the Services). This provides the Services the opportunity
to review and comment on draft permits before they are issued by the State. There is no
mechanism for EPA or the Services to address agricultural or atmospheric nutrient loading
sources or legacy pollutants that may influence DO conditions in the Delaware River. Once
promulgated, the DO criteria must be used in CWA regulatory programs such as the
identification of water quality limited (i.e., impaired) segments of the river, development of
TMDLs under CWA Section 303(d), and the issuance of NPDES permits under CWA Section
402. EPA expects that the criteria will be implemented by DRBC and the states through their
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regulatory programs. At this time, there are no DO TMDLs for the Delaware River because the
currently applicable DO criterion of 3.5 mg/L, as a daily average, is being attained.

3.5 Stressors of the Action

When an action or one if its components is “likely to directly or indirectly cause modifications to
the land, water, or air” (50 CFR §402.02), we identify that change as a stressor. Here we identify
stressors and their sources likely to result from implementation of the action. Understanding the
location, timing, intensity, and frequency of stressor exposures helps us differentiate the extent to
which stressors of the action may affect each listed species and critical habitat in the action area,
and inform the exposure assessment in our effects analyses for those species we expect to be
adversely affected.

EPA's Action is likely to modify DO conditions in the waters affected by the promulgation of the
criteria. However, the stressor of the action, DO, is not caused by the action; it is to be regulated
by the action. As such, the location affected by EPA's Action, and the duration, intensity, and
frequency are already determined by the criteria limits described in Table 1. The remaining
elements of EPA's Action needed to support the exposure analysis are the identification and
location of specific sources contributing to DO conditions, the timing of criteria implementation
for those sources that are regulated, and information on the ESA-listed resources that overlap
with the Action Area.

3.5.1 Regulated Sources Contributing to DO Conditions in the Specified Zones

Microbial breakdown of organic matter and nitrogen-containing pollutants like ammonia requires
oxygen and, thus, can lower the amount of oxygen dissolved in water and available to aquatic
organisms (USEPA 2024b). Wastewater treatment plants, agricultural lands, and other point and
nonpoint sources contribute excess organic substances and oxygen-demanding chemicals like
ammonia, to surface waters. NPDES permits for industrial facilities and municipalities that
manage stormwater, separate sanitary, or combined sewer systems will be expected to derive
from and comply with EPA’s proposed criteria once they are promulgated.

EPA's BE specifically identified nine discharges that are expected to affect DO levels and
achievement of the proposed criteria. ECHO data indicate that all have violated their permit
discharge limits in the past three years. Discharge violations for oxygen-demanding pollutants
other than ammonia and oxygen demand at each of these facilities included indicators of organic
matter contamination: fecal coliform and/or total suspended solids. Permits for three of these
facilities expired 12 years ago. Their discharges to Zones 3 and 4 account for 68% of the
ammonia load and 77% of the oxygen demand to the Specified Zones. According to EPA's BE,
these permits "are expected to remain administratively extended in the short-term" due to an
unresolved objection. Permits for two of the nine facilities are still effective and expire in 2026.
These discharge to Zone 4 and account for 9.5% of the ammonia load and 3% of oxygen demand
in 2023. The remaining four discharges have expired permits. Two of these discharge to Zone 3
and Upper Zone 5 and account for 21% of the ammonia load and 6% of the oxygen demand. The
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final two facilities are upstream of the Specified Zones and discharge loads that are about an
order of magnitude lower than the three 12-years-expired permits described above.

Because NPDES permits are issued for up to a 5-year permit term, EPA expects that six of the
nine permits for facilities discharging to the Delaware River will be reissued to include EPA’s
criteria within the next three years, provided the standard is promulgated in 2024 and there are
no delays to permit reissuance. The BE states that it is less clear at this time when the three
permits with unresolved objections will be reissued and, therefore, incorporate EPA’s criteria.
EPA has not waived review for any of these permits.

3.5.2 Sediment Oxygen Demand

The influence of oxygen-demanding legacy pollutants and stored nutrients in the sediment bed of
the Delaware River on DO is not expected to be significant due to the amount of navigational
maintenance dredging that has occurred and will continue to occur. Channel deepening activities
are conducted by the Army Corps of Engineers, and, like all Federal actions, have been and will
continue to be addressed in ESA section 7 consultations.

The absence of DMPF discharge monitoring data is a source of uncertainty for this consultation,
as they remain an uncharacterized source of pollutants. However, DMPF discharges to the
Delaware River are expected to be episodic, localized, and well-mixed by tidal action and thus
are expected to have a limited effect on DO trends in the river.

3.5.3 Lagin Criteria Attainment

The Specified Zones do not currently meet the promulgated DO criteria. A lag in the attainment
of the DO criteria is expected because implementation by the various regulatory programs will
necessarily take time. Frequent exceedances are reasonably certain to occur in the near term after
the rule goes into effect. The frequency of exceedances is expected to decline as the criteria are
implemented and the system recovers. It is EPA’s position that this lag is not an effect of its
action because it is the result of the present baseline conditions. For this opinion, the shift in the
existing baseline towards improved conditions would not occur but for the establishment of the
more protective DO criteria, thus, NMFS must consider this shift to be a consequence of EPA's
Action. While EPA does not have discretion over the implementation of its criteria, EPA's
oversight authority under the CWA, described in Section 1.1.1, enables it to take some actions
that could shorten this lag or minimize its impact, if warranted.

The aggregate effect of climate conditions interacting with nonpoint and the point sources of
oxygen-demanding pollutants described above results in unfavorable baseline DO conditions in
the Specified Zones of the Delaware River. These unfavorable conditions are reflected in 20
years of continuous monitoring data ((USEPA 2023) from Penn's Landing Chester (Figure 1).

These historical data indicate unfavorable daily median DO conditions, below 6 mg//L DO,
coinciding with the proposed criteria's Juvenile Development Season. Considering the relative
magnitude of the ammonia and oxygen demand pollutant loads reported for 2023 and described
in Section 3.5.1, these conditions are expected to largely persist until the three facilities with 12-
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years-expired permits comply with updated permit limits reflecting the promulgated criteria.
Updated permits for the other discharges to the Specified Zones potentially decrease ammonia
loads and their associated oxygen demand by 29.5% and 9%, respectively, after 2027. The
remaining two discharges identified in EPA's BE are upstream of the Specified Zones.
Derivation of permit limits for these discharges is expected to take the aquatic life propagation
designated use and promulgated DO criteria for the Specified Zones into consideration consistent
with the watershed-based management objective of the DRBC.

NMEFS understands that the duration of the shift towards compliance will be influenced by
factors that are not within EPA’s control or determined by the implementation of the criteria
(e.g., climate change, nonpoint sources). This presents additional uncertainty. As explained in
Section 1.1.1, EPA has an oversight role in implementing the DO criteria. Discharge permits are
renewed every five years by the states, and those renewed after promulgation of the criteria are
expected to include limits on oxygen-demanding pollutants consistent with criteria requirements
of the receiving water. However, renewals can be subject to administrative delays when
objections, compliance issues, or other circumstances require resolution. Section 305(b) of the
CWA requires that states and other entities prepare and submit Watershed Assessment Reports to
the EPA on April 1 of every even-numbered year, so the criteria will not be applied until the
2026 reporting cycle. The lag also includes the time it may take to apply the protective criteria in
monitoring to establish that the Delaware River is impaired by poor DO conditions and the time
it takes to develop and approve the necessary TMDLs or TMDL alternatives needed to achieve
compliance with the promulgated criteria.

4 ACTION AREA

Action area means “all areas to be affected directly or indirectly by the Federal action and not
merely the immediate area involved in the action” (50 CFR §402.02). The action area is defined
by the extent of the environmental changes the stressors cause on the physical environment (e.g.,
land, air, or water, detailed in the previous section). EPA’s BE stated that the action area
included downstream zones of the Delaware River and Estuary. The mean monthly salt front for
the Delaware River is roughly located at the lower limit of Upper Zone 5, at rmi 67 in April to 74
in August (DRBC 2024). The influence of attained DO criteria in the Specified Zones is
expected to be diminished, but not eliminated, downstream of upper Zone 5 by the strong
negative influence of salinity on DO and tidal fluctuations in salinity. Although depressed by
increased salinity, under EPA's Action the criteria-compliant DO levels of Delaware River water
entering the salt front and Delaware Bay are expected to be higher than current conditions more
often than not, thus, we consider the action to include Delaware Bay.

EPA's BE also identifies two permitted sources upstream of the Specified Zones that are
expected to have an impact on dissolved oxygen levels and achievement of the criteria. This is
consistent with the DRBC watershed-based management objective. Because the aquatic life
propagation designated use and DO criteria promulgated for the Specified Zones are expected to
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be considered when establishing permit limits upstream, the action area necessarily extends to
the upstream limits of the Delaware River Basin.

5 SPECIES AND CRITICAL HABITAT THE PROPOSED ACTION MAY AFFECT

The ESA allows for three general determinations for listed species and critical habitat: 1) no
effect, 2) may affect, not likely to adversely affect (NLAA), and 3) may affect, likely to
adversely affect (LAA). Action agencies, prior to requesting ESA consultation, determine
whether their proposed action may affect ESA-listed species or their designated critical habitat.
Generally, a “no effect” determination means there is no plausible exposure or response to
stressors generated by the proposed action for any ESA-listed species or designated critical
habitat. A “no effect” determination does not require consultation and is, therefore, not addressed
in an action agency BE. Any scenario where there is a plausible exposure to stressors generated
by the action, no matter how unlikely, is considered “may affect.” For any action that “may
affect” an ESA-listed species or its designated critical habitat, the action agency shall consult
with the Services under section 7(a)(2) of the ESA. Although the Specified Zones are
freshwaters, we consider the action area to include Delaware Bay, so marine species, including
whales and sea turtles, and critical habitat are addressed in this opinion (Figure 1). In this
opinion, the term “subadult” refers to juvenile sturgeon that have emigrated from the natal river,
and the term “juvenile” refers to juvenile fish that have not yet emigrated from the natal river.

Table 2. Species and critical habitat present in the action area

Federal Register

Species o Critical habitat
Listing

Fin Whale (endangered, Balaenoptera physalus) 35 FR 18319 --

North Atlantic Right Whale (endangered, Eubalaena glacialis) | 73 FR 12024 81 FR 4837

Green Sea Turtle (threatened, Chelonia mydas), North 81 FR 20057

Atlantic DPS

Kemp’s Ridley Sea Turtle (endangered, Lepidochelys kempii) | 35 FR 18319 --

Leatherback Sea Turtle (endangered, Dermochelys coriacea) | 35 FR 8491 Critical habitat is
not in action area

Hawksbill Sea Turtle (endangered, Eretmochelys imbricata) 35 FR 8491 Critical habitat is
not in action area

Loggerhead Sea Turtle (threatened, Caretta caretta), 76 FR 58868 Critical habitat is

Northwest Atlantic Ocean DPS not in action area

Atlantic sturgeon (endangered, Acipenser oxyrinchus 77 FR 5879 82 FR 39160

oxyrinchus) Chesapeake DPS, Migrating and foraging New 77 ER 5913

York Bight, Carolina, South Atlantic DPSs (endangered), and

Gulf of Maine DPS (threatened)

Shortnose sturgeon (endangered, Acipenser brevirostrum) 32 FR 4001 --
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This opinion does not address critical habitats designated for whales, sea turtles, or for the Gulf
of Maine, Chesapeake, Carolina, and South Atlantic DPSs of Atlantic sturgeon because these do
not occur in the action area.

5.1 ESA-Listed Species and Critical Habitat Not Likely To Be Adversely Affected

Once we have determined the action may affect ESA-listed species or their designated critical
habitat, the next step is differentiating between stressors that are NLAA and LAA for each listed
species and critical habitat in the action area. An action warrants an NLAA finding when its
effects are completely beneficial, discountable, or insignificant. Completely beneficial effects
have an immediate positive effect without any adverse effects to the species or habitat.
Completely beneficial effects are usually discussed when the project has a clear link to the ESA-
listed species or its specific habitat needs and consultation is required because the species may be
affected, albeit positively. Discountable effects are those that could occur while an ESA-listed
species is in the action area but, because of the intensity, magnitude, frequency, duration, or
timing of the stressor, exposure to the stressor is extremely unlikely to occur. Insignificant
effects relate to the response of exposed individuals where the response, in terms of an
individual’s growth, survival, or reproduction, would be immeasurable or undetectable, or an
impact to the conservation value of a physical or biological feature (PBF) of critical habitat
would be immeasurable or undetectable. For stressors that meet these criteria for completely
beneficial, discountable, or insignificant, the appropriate conclusion is NLAA.

To assist us in reaching a determination, we perform a two-step assessment that considers all of
the stressors identified in Section 3.5 of this opinion and all of the species and critical habitats
identified in 5.2 to understand the likelihood of the stressors having an effect on the ESA-listed
species or their designated critical habitat. First, we consider whether it is likely that a listed
species or critical habitat is exposed to a stressor or there is a reasonable expectation of the
stressor and an individual or habitat co-occurring. If we conclude that exposure of a species or
critical habitat to a stressor caused by the proposed action or activity is discountable, we must
also conclude it is NLAA. However, if exposure is probable, the second step is to evaluate the
probability of a response to the stressor. When all stressors of an action are found to be NLAA
for a listed species or a critical habitat, we conclude consultation for that species or critical
habitat. Likewise, if a stressor associated with this action is found to be NLAA for all listed
species and all critical habitats, there is no need to continue analyzing the consequences of that
stressor in the Analysis of Effects. Where the negative effects to any species or critical habitat or
from any stressor to those species or critical habitat are found to exceed the standards of
insignificant or discountable, we must analyze those consequences in the Analysis of Effects.

5.1.1 Whales

EPA’s Action may affect water quality conditions downstream of the Specified Zones of the
Delaware estuary where fin whales and North Atlantic right whales may occur. Fin whales and
North Atlantic right whales breathe air and do not drink seawater, so these species will not be
exposed to, and, therefore, will not be directly affected by DO conditions resulting from EPA's
Action.
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Shifts in spatial distribution of prey due to DO levels is a potential pathway for effects (Craig et
al. 2001) to listed whales in the action area. Fin whales are highly migratory species and are
more commonly associated with, and forage in, deep offshore habitats (Hayes et al. 2022). In
contrast to the fin whale, North Atlantic right whales will frequent nearshore waters. However,
they do not forage in Delaware waters because their primary prey, Calanus finmarchicus, either
does not occur (Grieve et al. 2017) or is not abundant in estuarine waters (Durbin and Kane
2007; Kane 2005).

While North Atlantic right whales and occasionally fin whales migrate through the waters of the
Delaware River Estuary, water quality conditions resulting from EPA's Action are not expected
to affect these species because they breathe air, do not drink seawater, and do not forage while in
these waters. Therefore, NMFS has determined that EPA’s Action is not likely to adversely
affect the North Atlantic right whale or the fin whale and this opinion does not consider these
species in the analyses that follow.

5.1.2 Sea Turtles

EPA’s Action may affect water quality conditions downstream of the Specified Zones of the
Delaware estuary where ESA-listed sea turtles occur. For the Kemp’s ridley sea turtle, water
quality is listed among specific threats or recovery needs. For the remaining species, water
quality is key to recovery. The NMFS section 7 map indicates that the North Atlantic DPS of
green sea turtle, Kemp’s ridley sea turtle, leatherback sea turtle, and Northwest Atlantic Ocean
DPS of loggerhead sea turtle range within Delaware Bay up to the Chesapeake and Delaware
River Canal (C&D canal). Sea turtles breathe air, so DO conditions resulting from EPA's Action
would not adversely affect their ability to respire, but they drink seawater. Oxygen dissolved in
water is not toxic, so it is extremely unlikely that sea turtles would be directly affected by DO
conditions resulting from EPA's Action, and thus direct effects to these species are discountable.
However, shifts in spatial distribution of prey due to aquatic DO levels is a potential pathway for
effects (Craig et al. 2001).

The diet of the North Atlantic DPS green sea turtle differs by age class (NMFS 2007). Adult and
maturing juvenile green sea turtles forage on algae and seagrasses in nearshore habitats, but these
species generate oxygen through photosynthesis and, therefore, would not be adversely affected
by DO conditions resulting from EPA's Action (NMFS 2007). Hatchling and younger juvenile
green sea turtles live and forage in the open ocean, so their prey would not be exposed to DO
conditions resulting from EPA's Action. Therefore we conclude that the promulgated criteria
would have no indirect effects on green sea turtle through impacts to forage species.

Chesapeake Bay is an important foraging area for Kemp’s ridley sea turtle (Seney and Musick
2005) so it is reasonable to expect foraging to occur in nearby Delaware Bay. Stomach content
analysis indicates a broad taxonomic range of forage species, with crabs, in particular, blue crab
(Callinectes sapidus), an important dietary component (Seney and Musick 2005). This sea turtle
species avoids, but can tolerate hypoxic conditions (Brill et al. 2015; Geoffrey et al. 2003).
Considering that Kemp's ridley sea turtles consume a broad range of species and the most
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abundant species in their diet is tolerant of hypoxic conditions, taken with an attenuated
influence of EPA's Action on DO conditions in Delaware Bay, the effect of EPA's Action on the
abundance of Kemp's ridley forage species would be immeasurable or undetectable and thus
insignificant.

Leatherback sea turtles are a widely migrating pelagic species that forage on jellyfish. Rider et
al. (2024) used satellite transmitter data from 52 leatherback tagged between 2017 and 2022 to
model periods of transit and estimate locations of area-restricted searching (foraging). The
modeling indicates that the foraging behavior of leatherback sea turtles migrating in the Mid-
Atlantic Bight is concentrated between Cape Hatteras, North Carolina, and the mouth of
Delaware Bay during the summer. However, as broadly migrating pelagic foragers, it is
extremely unlikely that DO conditions within Delaware Bay resulting from EPA's Action will
influence the ability to forage and find prey for leatherback sea turtles and thus the effects on
foraging are discountable.

The Northwest Atlantic Ocean DPS of loggerhead sea turtle nests from southern Virginia to
Florida and from Florida to Texas (78 Fed. Reg. 43006). Notable inshore habitat includes
estuarine waters of Long Island Sound, Delaware River Estuary, and Chesapeake Bay, as well as
large open sounds of South Carolina and Georgia, Mosquito and Indian River Lagoons, Biscayne
Bay, Florida Bay, and numerous embayments fringing the Gulf of Mexico (78 Fed. Reg. 43000).
The Delaware River Estuary is regularly used by both juveniles and adults during warmer
months for foraging of benthic invertebrates such as horseshoe crabs, blue crabs, other decapod
crustaceans, and mollusks, although loggerhead diets vary based upon prey availability, habitat,
and geographical location (78 Fed. Reg. 43006). While larval and juvenile crustaceans are
generally sensitive to hypoxic conditions, adult crustaceans and mollusks are generally tolerant,
although tolerances vary by species and life stage (Stoklosa et al. 2018). Due to the diversity of
forage prey and tolerances of certain prey species to hypoxic conditions, taken with an attenuated
influence of EPA's Action on DO conditions in Delaware Bay, the effect of EPA's Action on the
abundance forage species Northwest Atlantic Ocean DPS of the loggerhead sea turtle for
Northwest Atlantic Ocean DPS of the loggerhead sea turtle would be immeasurable or
undetectable and thus insignificant.

We conclude that EPA’s Action may affect, but is not likely to adversely affect the North
Atlantic DPS of green sea turtle, Kemp’s ridley sea turtle, leatherback sea turtle, and Northwest
Atlantic Ocean DPS of loggerhead sea turtle because the effects of DO in ingested seawater and
on prey will not occur (North Atlantic DPS green sea turtle) or are discountable (leatherback sea
turtle) or insignificant (Kemp's ridley sea turtle and Northwest Atlantic Ocean DPS loggerhead
sea turtle).

5.1.3 Atlantic Sturgeon DPSs that do not Spawn in the Delaware River

Adult and subadult Atlantic sturgeon from the four DPSs that do not spawn in the Delaware
River Estuary may be exposed to DO conditions in the Specified Zones, but are expected to
avoid adverse conditions because they are able to move freely among coastal waters and rivers.
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Figure 3 shows the extent of the migrating and foraging range of adult and subadult Atlantic
sturgeon. The Delaware River is a very small fraction of this range such that foraging in the
Delaware River Estuary by individuals from the Gulf of Maine, Chesapeake Bay, Carolina, and
South Atlantic DPSs is opportunistic. The consequences of exposures of these DPSs to water
quality conditions in the action area, in terms of growth, survival, and reproduction, would,
therefore, be immeasurable or undetectable and thus insignificant. We therefore conclude that
EPA’s action is not likely to adversely affect these four DPSs.

Defoware River
m Atlantic sturgeon
Range

Figure 3. Delaware River (green) relative to the range migrating and foraging range of Atlantic sturgeon
(pink)
5.1.4 Designated Critical Habitat for the New York Bight DPS of Atlantic
Sturgeon

Critical habitat for the New York Bight DPS of Atlantic sturgeon was designated in 2017 (82
Fed. Reg. 39160). Designated critical habitat includes approximately 340 mi (547 km) of aquatic
habitat within the Connecticut, Housatonic, Hudson, and Delaware Rivers. The Delaware River
falls under New York Bight Unit 4 and is designated from the crossing of the Trenton-
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Morrisville Route 1 Toll Bridge downstream to where the main stem river discharges at its
mouth into Delaware Bay (Figure 4). This unit represents 40% of the 340 mi (547 km) extent of

critical habitat for this DPS.

- e

0

Kilometers B S S_———
Miles B I— )

20

New York Bight Unit 4 Map 8
Delaware River
T T T ’\w"’
75°30W 75°W U e TAB0W
\ | HUNTERDON _\ SOMERSET. }
o -~/ MIDDLESEX
BERKS |
BUCKS MH‘QCFR B s
Y ey -
2 Trenton-Mornstxlle § L
Y i 4 MONMOUTH
MONTGOMERY Route 1 Toll B{ufge P .;S*e mon 7
frsesetn, - | \ " = X - \
B B
s D .
N\
: Philadelphia :
(AN CHESTER . e © 40°N
~ DELAWARE 1.
OCEAN
BURLINGTON
S
ATLANTIC
0510 20 30 40

30
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from the ordinary high water mark of one riverbank to the ordinary
high water mark of the opposing riverbank. For clarification of the
critical habitat definition, please refer to the narrative description.
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Figure 4. Map of New York Bight DPS Delaware River designated critical habitat

The critical habitat designation for the New York Bight DPS of Atlantic sturgeon does not
include PBFs such as prey that may be affected by DO levels. The PBFs identified as essential
components of the critical habitat to conserve the New York Bight DPS of Atlantic sturgeon

include:

1. Hard bottom substrate (e.g., rock, cobble, gravel, limestone, boulder, etc.) in low salinity
waters (i.e., 0.0-0.5 ppt range) for settlement of fertilized eggs and refuge, growth, and

development of early life stages.
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2. Aquatic habitat with a gradual downstream salinity gradient of 0.5 up to as high as 30 ppt
and soft substrate (e.g., sand, mud) between the river mouth and spawning sites for
juvenile foraging and physiological development;

3. Water of appropriate depth and absent physical barriers to passage (e.g., locks, dams,
thermal plumes, turbidity, sound, reservoirs, gear, etc.) between the river mouth and
spawning sites necessary to support (i) Unimpeded movement of adults to and from
spawning sites, (ii) Seasonal and physiologically dependent movement of juvenile
Atlantic sturgeon to appropriate salinity zones within the river estuary; and (iii) Staging,
resting, or holding of subadults or spawning condition adults. Water depths in main river
channels must also be deep enough (at least 3.9 ft [1.2 m]) to ensure continuous flow in
the main channel at all times when any sturgeon life stage would be in the river.

4. Water, between the river mouth and spawning sites, especially in the bottom meter of the
water column, with the temperature, salinity, and oxygen values that, combined, support:
Spawning; annual and inter-annual adult, subadult, larval, and juvenile survival; and
larval, juvenile, and subadult growth, development, and recruitment (e.g., 55.4-78.8 °F
[13-26 °C] for spawning habitat and no more than 86 °F [30 °C] for juvenile rearing
habitat, and 6 mg/L or greater DO for juvenile rearing habitat).

The purpose of the DO criteria is to improve dissolved oxygen conditions over 38.4 mi (61.8 km)
of the Delaware River, or about 28% of unit 4 and 11% of the total critical habitat area. Because
resource management for the Delaware River is watershed-based, criteria established for the
Specified Zones are expected to affect regulatory decisions (permit limits, TMDLs, and TMDL
alternatives) in the upstream reaches of the Delaware River Basin. Improvements in water
quality within the Specified Zones is also expected to improve conditions downstream. As
explained in Section 3 of this opinion, the influence of attained DO criteria in the Specified
Zones is expected to be diminished, but not eliminated, downstream of upper Zone 5 due to the
strong negative influence of salinity on DO, and tidal fluctuations in salinity. Although depressed
by increased salinity, under EPA's Action, criteria-compliant DO levels of Delaware River water
flowing into Delaware Bay are expected to be higher than current conditions more often than not.
Thus, we consider EPA's Action to modify the entire extent of Atlantic sturgeon designated
critical habitat unit 4 for the New York Bight DPS.

However, the habitat modification expected to result from EPA's Action is beneficial. The
criteria were developed using data for Atlantic sturgeon and 20 years of monitoring data for the
Delaware River to arrive at DO criteria that are expected to improve the survival and growth of
first-year Atlantic sturgeon and other oxygen-sensitive species. Because the criteria are expected
to improve habitat DO conditions for Atlantic sturgeon, EPA's Action is not likely to adversely
affect designated critical habitat for the New York Bight DPS of Atlantic sturgeon.

5.2 Status of Species the Action May Affect and Likely Adversely Affect

The remainder of this opinion examines the status of each species that is likely to be adversely
affected by EPA’s Action. The status is an assessment of the abundance, recent trends in
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abundance, survival rates, life stages present, limiting factors, and sub-lethal or indirect changes
in population trends such as inter-breeding period, shifts in distribution or habitat use, and shifts
in predator distribution that contribute to the extinction risk that the listed species face. The
status of each species below is described in terms of life history, threats, population dynamics,
and recovery planning.

The information used in each of these sections is based on parameters considered in documents
such as status reviews, recovery plans, and listing decisions and based on the best available
scientific and commercial information. This informs the description of the species’ likelihood of
both survival and recovery. The species status section helps to inform the description of the
species’ “reproduction, numbers, or distribution” as described in 50 C.F.R. §402.02. More
detailed information on the status and trends of these ESA-listed species and their biology and
ecology can be found in the listing regulations published in the Federal Register, status reviews,
recovery plans, and on the NMFS OPR web site (https://www.fisheries.noaa.gov/species-
directory/threatened-endangered).

The ESA-listed species that are likely to be adversely affected by EPA’s Action are the shortnose
sturgeon and the New York Bight DPS of Atlantic sturgeon.

5.2.1 Shortnose Sturgeon

Shortnose sturgeon were first listed under the ESA’s predecessor, the Endangered Species
Preservation Act on October 15, 1966 (32 Fed. Reg. 4001). No critical habitat has been
designated for the shortnose sturgeon. Shortnose sturgeon occur along the Atlantic Coast from
the Saint John River in Canada to the Saint Johns River in Florida. While shortnose sturgeon
spawning has been documented in several rivers across its range, the status for many other rivers
remains unknown.

Life History

Table 3. Life stages of the shortnose sturgeon in the Delaware River and estuary

Life Stage J F M A M J J A S o N D

ACTION

Egg

Larva

Young of Year

Juvenile

Adult
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The shortnose sturgeon is a relatively slow-growing, late-maturing, and long-lived fish species
inhabiting large coastal rivers or nearshore estuaries within river systems (Buckley and Kynard
1985; Kieffer and Kynard 1993). The maximum age of shortnose sturgeon in the northern
portion of the species’ range is greater than the southern portion of the species’ range (Dadswell
1984; Gilbert 1989). Although age determination for older individuals can be problematic the
oldest documented female at 67 years old and the oldest male at 32 were both taken from the
Saint John River, Canada (Dadswell 1984). The maximum age reported for a shortnose sturgeon
taken from the Kennebec River is 40 years, 37 years from the Hudson River, 34 years from the
Connecticut River, 20 years from the Pee Dee River, and ten years from the Altamaha River
(Gilbert 1989 using data presented in Dadswell et al. 1984).

Sturgeon spawn in upper freshwater areas and feed and overwinter in both fresh and saline
habitats. Adult shortnose sturgeon typically prefer deep downstream areas with vegetated
bottoms and soft substrates. During the summer and winter months, adults occur primarily in
freshwater tidally influenced river reaches; therefore, they often occupy only a few short reaches
of a river’s entire length (Buckley and Kynard 1985). Older juveniles or subadults tend to move
downstream in the fall and winter as water temperatures decline and the salt wedge recedes. In
the spring and summer, they move upstream and feed mostly in freshwater reaches above the
saltwater/freshwater river interface (Dadswell et al. 1984; Hall et al. 1991). Young-of-the-year
shortnose sturgeon drift downstream after hatching (Bain 1997) but remain within freshwater
habitats.

Telemetry data indicate that shortnose sturgeon make localized coastal migrations (Dionne et al.
2013). Inter-basin movements have been documented among rivers within the Gulf of Maine,
between the Gulf of Maine and the Merrimack, between the Connecticut and Hudson rivers,
between the Delaware River and Chesapeake Bay, and among the rivers in the Southeast region
(Dionne et al. 2013; Fernandes et al. 2010; Finney et al. 2006; Welsh et al. 2002). Non-spawning
movements include rapid, directed post-spawning movements to downstream feeding areas in the
spring, and localized, wandering movements in the summer and winter (Buckley and Kynard
1985; Dadswell 1984). In the northern extent of their range, shortnose sturgeon exhibit three
distinct movement patterns associated with spawning, feeding, and overwintering. In the spring,
as water temperatures reach between 7.0-9.7 °C (44.6-49.5 °F), pre-spawning shortnose sturgeon
move from overwintering grounds to spawning areas.

In areas between South Carolina and New England, males reach sexual maturity at age three
while females reach sexual maturity by age seven (SSSRT 2010). Shortnose sturgeon spawning
migrations are characterized by rapid, directed, and often extensive upstream movement (NMFS
1998). One to two years after reaching sexual maturity, males will spawn every other year or
annually depending on the river they inhabit, and females will begin spawning five years after
reaching sexual maturity and continue to do so every three years (Dadswell 1979; NMFS 1998).
Spawning is estimated to last from a few days to several weeks. Shortnose sturgeon are believed
to spawn at discrete sites within their natal river (Kieffer and Kynard 1996), typically at the
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farthest upstream reach of the river, if access is not obstructed by dams (Kieffer and Kynard
1996; NMFS 1998). Spawning occurs over channel habitats containing gravel, rubble, or rock-
cobble substrates (Dadswell 1979; NMFS 1998). Additional environmental conditions associated
with spawning activity include decreasing river discharge following the peak spring freshet,
water temperatures ranging from 43.7-64.4 °F (6.5-18 °C), and bottom water velocities of 1.3-2.6
ft/s (0.4-0.8 m/sec, Dadswell 1979; Hall et al. 1991; Kieffer and Kynard 1996; NMFS 1998).
Adult shortnose sturgeon typically leave the spawning grounds shortly after spawning. Spawning
in the Delaware River is estimated to occur from late March to early May in the northern part of
the river near Scudder Falls and Trenton Rapids, New Jersey (O'Herron I et al. 1993; SSSRT
2010).

Estimates of annual egg production for shortnose sturgeon are difficult to calculate and are likely
to vary greatly in this species because females do not spawn every year. Fecundity estimates
range from 27,000 to 208,000 eggs/female, with a mean of 11,568 eggs/kg body weight
(Dadswell 1984). Eggs adhere to the substrate quickly after being deposited and egg
development depends on water temperature, with hatch times ranging from approximately 8-13
days post-spawn (Buckley and Kynard 1981; Dadswell 1984). At hatching, shortnose sturgeon
are 0.27-0.43 in (7-11 mm) long and resemble tadpoles (Buckley and Kynard 1981). In 9 to 12
days, the yolk sac is absorbed and the sturgeon develop into larvae which are about 0.59 in (15
mm) total length (Buckley and Kynard 1981). Sturgeon larvae are believed to begin drifting
downstream migrations at about 0.79 in (20 mm) total length and are typically found in the
deepest freshwater water available. The larval phase ends at about 40 days post-hatch (Bath et al.
1981; Kieffer and Kynard 1993; Taubert and Dadswell 1980).

Shortnose sturgeon are benthic omnivores that feed on crustaceans, insect larvae, worms,
mollusks (Moser and Ross 1995; Savoy and Benway 2004), oligochaete worms (Dadswell 1979).
They have been observed feeding on invertebrates from plant surfaces (Dadswell 1984).
Subadults feed indiscriminately, consuming aquatic insects, isopods, and amphipods along with
large amounts of mud, stones, and plant material (Bain 1997; Dadswell 1979).

Population Dynamics

Historically, shortnose sturgeon are believed to have inhabited nearly all major rivers and
estuaries along the entire east coast of North America. NMFS’s shortnose sturgeon Recovery
Plan identifies 19 populations based on the fish’s strong fidelity to natal rivers and the premise
that populations in adjacent river systems did not interbreed with any regularity (NMFS 1998).
Both mitochondrial DNA and nuclear DNA analyses indicate effective (with spawning) coastal
migrations are occurring between adjacent rivers in some areas, particularly within the Gulf of
Maine and the Southeast (King et al. 2014).

Currently, shortnose sturgeon can be found in 41 bays and rivers along the East Coast, but there
is a large gap of about 250 mi (400 km) separating the northern and mid-Atlantic
metapopulations from the southern metapopulation. A metapopulation is composed of groups of
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separate, but interacting populations with gene flow occurring. The northern and mid-Atlantic
metapopulations include shortnose sturgeon that are currently found in the Delaware River.

Genetic components of sturgeon in rivers separated by more than 250 mi (400 km) appear to be
connected by very little migration, while rivers separated by less than 12 mi (20 km) have high
migration rates. The highest rate of gene flow (which suggests migration) occurs between the
Kennebec, Penobscot, and Androscoggin Rivers (Wirgin et al. 2005).

The best available information we have on the historic distribution of shortnose sturgeon in the
Delaware River is anecdotal. There are reports of this species as far south as Delaware City,
Delaware and north to Bristol, Pennsylvania (SSSRT 2010). Throughout the 19th and 20th
centuries, shortnose sturgeon were abundant and in high demand in Philadelphia markets
(SSSRT 2010). Shortnose sturgeon stocks ultimately crashed after decades of sturgeon over-
exploitation (Saffron 2005).

Today, shortnose sturgeon may be found throughout the Delaware River Estuary and
occasionally enter nearshore waters. In spring, spawning adults occur in the non-tidal Delaware
River and are common at least as far upstream as Scudders Falls. Acoustic tagging studies
suggest that an overwintering area exists in the lower portion of the Delaware River, below
Wilmington, DE. Additionally, results from a tracking study of juvenile shortnose sturgeon
suggest that the entire lower Delaware River from Philadelphia to the salt front is an
overwintering area for juvenile shortnose sturgeon (ERC 2007). These acoustic tag studies also
demonstrated that shortnose sturgeon may migrate between the upper tidal river and the
Chesapeake and Delaware Canal. The Delaware River population was estimated at 12,796 adults
based on mark-recapture data collected during 1981 to 1984 and at 12,047 adults based on mark-
recapture data collected during 1999 to 2003 (ERC 2006; Hastings et al. 1987). The similarity
between these estimates suggests the Delaware River shortnose sturgeon population is stable and
likely serves as a source of recruits to other nearby rivers (SSSRT 2010). Overall estimates for
other populations of northern and mid-Atlantic metapopulations of shortnose sturgeon range
from 143 in the upper Connecticut River to approximately 30,000 in the Hudson River (SSSRT
2010). The Delaware River is comparable in size to the Hudson River. The Delaware River is
342 miles long and has a basin area of 13,539 square miles while the Hudson River is 315 miles
long with a basin size of 13,000 square miles (Kauffman 2013). Even so, the size of the
shortnose sturgeon population in the Delaware River is about 40% that of the Hudson River.

Threats

According to the 2010 status review, water quality is a major threat to one shortnose sturgeon
population, a moderately high threat to six populations (including the Delaware River), and a
moderate threat to 13 populations. In the Delaware River, mercury, cadmium, and endocrine-
disrupting chemicals have been found in shortnose sturgeon tissue. Toxic pollutants like these
are linked to reduced fecundity and egg viability, increased early life stage mortality, and
anatomical defects in larvae. Pollutants and non-pollutant stressors that may be adversely
affecting shortnose sturgeon include nutrient loading causing or sustaining eutrophic conditions,

25



EPA Region 3, Delaware River DO Tracking no. OPR-2022-03643

low DO, toxic algal blooms, increased sedimentation, chemical toxicants, high temperature, and
low pH (SSSRT 2010).

A suitable habitat availability model for juvenile Shortnose and Atlantic sturgeon in the
Chesapeake Bay demonstrated cumulative summer stresses of hypoxia, high temperatures, and
high salinity reduced potential nursery habitat for both species (Niklitschek 2001). The model
also suggested that, during dry years, hypoxia was found in deeper waters, reducing suitable
habitat for juvenile sturgeon and access to thermal refuges.

Dredging was identified as a major threat to one shortnose sturgeon population, a moderately
high threat to three populations (including the Delaware River), and a moderate threat to six
populations. In the Delaware River, maintenance dredging occurs in areas of nursery, foraging
and wintering areas; restricted to periods to protective anadromous fishes.

Impingement/entrainment at power plants and treatment plants was rated as a moderately high
threat to one population (the Delaware River) and a moderate threat to two populations. In the
Delaware River, impingement and entrainment is likely occurring near spawning sites and taking
early life stages. Shortnose sturgeon larvae had been reported from intakes at recently retired
Mercer Generating Station in Trenton, NJ and a small cogeneration plant in Fairless Hills, PA, as
well as in the vicinity of water treatment plant intakes in Trenton and Morrisville (SSSRT 2010).

Finally, bycatch was identified as a major threat to one shortnose sturgeon population, a
moderately high threat to two populations, and a moderate threat to twelve populations
(including the Delaware River). In the Delaware River, bycatch generally occurs due to gillnets
used in the commercial American shad fishery as well as hook and line used in the recreational
fishery.

Recovery Planning

As abundance and available data vary greatly across the shortnose sturgeon range, the shortnose
sturgeon status review team determined the best approach to an extinction risk assessment was to
weigh and rank stressor effects at a riverine scale (SSSRT 2010). The ranking system was similar
to an extinction risk method developed by the Atlantic Sturgeon Status Review Team(ASSRT
2007 ) but incorporated a weighting system in calculating overall scores for hazards. A
Population Health Score was calculated for each riverine population to represent species viability
and resilience at the riverine scale and considers the number of individuals, demographics, and
abundance trends, with a score of 12 representing the healthiest possible population (SSSRT
2010). Similarly, a Stressor Score was calculated for each population to represent specific
stressors identified for the species (e.g. dams, degraded water quality, dredging, bycatch
mortality, impingement, and entrainment). The Delaware River was given a Population Health
Score of 9.56 and an Overall Stressor Score of 8.80, indicating a moderately healthy population
with a perilous stressor score.

The SSSRT reported results of an age-structured population model using software from Applied
Biomathematics (Akgakaya and Root 2007) to estimate shortnose sturgeon extinction
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probabilities for three river systems: Hudson, Cooper, and Altamaha. The estimated probability
of extinction was zero for all three populations under the default assumptions, despite the long
(100-year) horizon and the relatively high year-to-year variability in fertility and survival rates.
The estimated probability of a 50% decline was relatively high (Hudson 0.65, Cooper 0.32,
Altamaha 0.73), whereas the probability of an 80% decline was low (Hudson 0.09, Cooper 0.01,
Altamaha 0.23; SSSRT 2010).

The recovery plan identifies 19 population segments within their range with a goal of each
segment maintaining a minimum population size to maintain genetic diversity and avoid
extinction (NMFS 1998). The actions needed are:

1. Establish listing criteria for shortnose sturgeon population segments;
2. Protect shortnose sturgeon and their habitats;

3. Rehabilitate shortnose sturgeon populations and habitats; and

4. Implement recovery tasks.

If the distance to rivers that could support a reproducing population exceeds the migration
distance for sturgeon inhabiting the southeast or Delaware River/Chesapeake Bay
metapopulations. King et al. (2014) recommends supplementation as a plausible restoration
strategy. Accordingly, to ensure the long-term survival of populations, conservation actions
should be based on available habitat and structural isolation.

5.2.2 New York Bight DPS of Atlantic Sturgeon

On February 6, 2012, four DPSs of Atlantic sturgeon: New York Bight, Chesapeake Bay,
Carolina, and South Atlantic, were listed as endangered and the Gulf of Maine DPS was listed as
threatened (77 Fed. Reg. 5880; 77 Fed. Reg. 5914). While all five DPSs may occur in the action
area, the Chesapeake and New York Bight DPSs are expected to be dominant. The New York
Bight DPS of Atlantic sturgeon originates from rivers that drain into the coastal waters from
Chatham, Massachusetts, to the Delaware-Maryland border at Fenwick Island.

Life History

The general life history pattern of Atlantic sturgeon is that of a long lived, late-maturing,
anadromous species with multiple reproductive cycles throughout its life. Hager et al. (2020)
reports return rates for fish spawning in the York River system of once every 1.13 years for
males and once every 2.13 years for females. Fecundity increases with age and body size
(ranging from 400,000 — 8 million eggs, Dadswell 2006; Smith et al. 1982; Van Eenennaam and
Doroshov 1998). The average age at which 50% of maximum lifetime egg production is
achieved is estimated to be 29 years, approximately 3-10 times longer than for other bony fish
species examined (Boreman 1997).
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Table 4. Life stages of the New York Bight DPS of Atlantic sturgeon in the Delaware River
and estuary

Life Stage J F M A M J J A S o N D

ACTION

Egg

Larva

Young of Year

Juvenile

Adult

While few specific spawning locations have been identified, at least 21 rivers are known to
support reproducing populations. Smith (1985) reported that the timing of the arrival of mature
adults into estuaries was temperature dependent and varied with latitude: February in Florida,
Georgia, and South Carolina; April in the Delaware and Chesapeake Bay systems; and May-June
in the Gulf of Maine and Gulf of St. Lawrence systems. Traditionally, it was believed that
spawning within all populations occurred during the spring and early summer months. More
recent studies, however, suggest that spawning occurs from late summer to early autumn in two
tributaries of the Chesapeake Bay (James River and York River, Virginia) and in the Altamaha
River, Georgia (Balazik et al. 2012a; Hager et al. 2014). A recent study by Balazik and Musick
(2015) indicates that two races of Atlantic sturgeon repeatedly spawn during two different times
(spring and fall) and places in the James River, and possibly the groups have become genetically
distinct from each other. Based on a combination of telemetry data and historical documentation
Balazik et al. hypothesize that a dual spawning strategy likely occurs in various degrees
throughout the Atlantic sturgeon's range. Smith et al. (2015) identified fall spawning in the
Roanoke River. These studies suggest that adult Atlantic sturgeon that show up in the southern
estuaries spend the summer in the estuary before making a spawning run in the fall. Farrae et al.
(2017) found genetically distinct fall- and spring-spawned Atlantic sturgeon in the Edisto River.

Sturgeon eggs are highly adhesive and are deposited in freshwater or tidal freshwater reaches of
rivers on the bottom substrate, usually on hard surfaces such as cobble (Gilbert 1989; Smith and
Clugston 1997). Hatching occurs approximately 94-140 hours after egg deposition, and larvae
assume a bottom-dwelling existence (Smith et al. 1980). The yolk sac larval stage is completed
in about 8-12 days, during which time larvae move downstream to rearing grounds over a 6 — 12
day period (Kynard and Horgan 2002). During the daytime, larvae use benthic structure (e.g.,
gravel matrix) as refugia (Kynard and Horgan 2002). Juvenile sturgeon continue to move further
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downstream into waters ranging from zero to up to ten parts per thousand salinity. Older
juveniles are more tolerant of higher salinities as juveniles typically spend at least two years and
sometimes as many as five years in freshwater before eventually becoming coastal residents as
subadults (Boreman 1997; Schueller and Peterson 2010; Smith 1985).

Atlantic sturgeon feed primarily on soft-bodied benthic invertebrates like polychaetes, isopods,
and amphipods in the saltwater environment, while in fresh water, they feed on oligochaetes,
gammarids, mollusks, insects, and chironomids (Brosse et al. 2002; Collins et al. 2008; Guilbard
et al. 2007; Haley 1998; Haley 1999; Johnson et al. 1997; Moser and Ross 1995; Savoy 2007).
Diets vary latitudinally and seasonally, though universally researchers have found that
polychaetes constitute a major portion of Atlantic sturgeon diets. The directed movement of
subadult and adult Atlantic sturgeon in the spring is from saltwater waters to river estuaries.
River estuaries provide foraging opportunities for subadult and adult Atlantic sturgeon in
addition to providing access to spawning habitat. The directed movement of subadult and adult
Atlantic sturgeon reverses in the fall as the fish move back into saltwater waters for the winter. In
the saltwater environment, subadults and adults typically occur within the approximate 170-ft
(50-m) depth contour.

Population Dynamics

There were two known spawning subpopulations when the New York Bight DPS was listed as
endangered under the ESA: the Hudson River and Delaware River spawning subpopulations.
Since then, new information provided from the capture of juvenile Atlantic sturgeon suggests the
Connecticut River likely also supports a spawning subpopulation of Atlantic sturgeon for the
New York Bight DPS. It is speculated that the abundance of subadults within the Delaware River
during the 1980s and early 1990s was the result of a mixture of stocks including the Hudson
River stock. Genetic data indicate that the Delaware River has a distinct genetic signature of a
remnant population (King et al. 2001; Waldman and Wirgin 1998). The 2017 ASMFC stock
assessment determined that abundance of the New York Bight DPS is "depleted" relative to
historical levels (ASMFC 2017). However, the assessment also determined there is a relatively
high probability (75%) that the New York Bight DPS abundance has increased since the
implementation of the 1998 fishing moratorium, and a 31% probability that mortality for the
New York Bight DPS exceeds the mortality threshold used for the assessment (ASMFC 2017).

In the Delaware River, there is evidence of Atlantic sturgeon presence from the mouth of the
Delaware Bay to the head-of-tide at the fall line near Trenton on the New Jersey side and
Morrisville on the Pennsylvania side of the River, a distance of approximately 140 mi (220 km)
(Breece et al. 2013). The Delaware historically may have supported the largest stock of Atlantic
sturgeon of any Atlantic coastal river system (NMFS 1998c¢). Prior to 1890, it is expected that
more than 180,000 adult females were spawning in the Delaware River. White et al. (2022)
estimated that only 125 — 250 adult Atlantic sturgeon currently return to spawn in the Delaware
River. Other estimates for the Delaware River spawning population are reported at 108.7 (95%
CI=74.7-186.1) and 40 (95% CI=34.7-46.2) for samples from subadults and juveniles,
respectively (O’Leary et al. 2014; Waldman et al. 2019), and 56.7 (95% CI=42.5-77.0) based on
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samples from a combination of juveniles and adults (ASMFC 2017). The Delaware Division of
Fish and Wildlife has conducted juvenile abundance surveys in the Delaware River in most years
since 2010. The estimated abundance in 2014 was 3,656 (95% CI = 1,935-33,041) age 0-1
juveniles (Hale et al. 2016). The current abundance of all Atlantic sturgeon life stages in the
Delaware River has been greatly reduced from historical levels. Brundage I1I and Meadows
(1982) recorded 130 Atlantic sturgeon captures between the years of 1958-1980.

New information in the 2022 Status Update supports NMFS’s determination in the listing rule
that the New York Bight DPS has low abundance, and that the current numbers of spawning
adults are one to two orders of magnitude smaller than historical levels. More recently, White et
al. (2022) used microsatellite data to reconstruct pedigrees and arrived at an estimate of between
125 and 250 adult sturgeon in the Delaware River.

NMEFS estimated adult and subadult abundance of the New York Bight DPS based on available
information for the genetic composition and the estimated abundance of Atlantic sturgeon in marine
waters (Damon-Randall et al. 2013; Kocik et al. 2013). NMFS has relied upon these numbers in the
ESA section 7 consultation context, and concluded that subadult and adult abundance of the New
York Bight DPS was 34,566 sturgeon (Damon-Randall et al. 2013). This number encompasses many
age classes since, across all DPSs, subadults can be as young as one year old when they first enter the
marine environment, and adults can live as long as 64 years (Balazik et al. 2012b; Hilton et al. 2016).
For example, Dunton et al. (2016) determined that the 742 Atlantic sturgeon that they captured in the
New York Bight represented 21 estimated age classes and that, individually, the sturgeon ranged in
age from 2 to 35 years old.

Threats

The most significant threats to Atlantic sturgeon are unintended catch (bycatch) in some
commercial fisheries, dams that block access to spawning areas, poor water quality (which harms
development of sturgeon offspring), dredging of spawning areas, water withdrawals from rivers,
and vessel strikes. The New York Bight DPS’s risk of extinction is “High” due to low
productivity (e.g., relatively few adults compared to historical levels and irregular spawning
success), low abundance (e.g., only three known spawning populations and low DPS abundance,
overall), and limited spatial distribution (e.g., limited spawning habitat within each of the few
known rivers that support spawning).

Construction projects and maintenance dredging continue to be a stressor for the New York
Bight DPS throughout its range, particularly in the areas nearest to and within the rivers that
support spawning habitat (ASSRT 2022b). Injury and mortality of Atlantic sturgeon in dredge
gear still occurs and it is currently unclear what effect the Delaware River channel deepening and
channel blasting will have on the Delaware River spawning population, particularly for the early
life stages that had used habitat in areas where blasting occurred (ASSRT 2022b).
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Low DO levels in the Delaware continue to occur in some areas, including areas where age 0-1
Atlantic sturgeon would be present (ASSRT 2022b). Even if juvenile sturgeon are able to avoid
areas of low DO, they may be forced to use habitat that is not optimal (e.g. higher salinity
waters) which may negatively impact their growth (Allen et al. 2014; ASSRT 2022b). Summer
months with lower DO levels correspond to lower fall capture rates of age 0-1 Atlantic sturgeon,
providing additional evidence that low DO levels are causing or contributing to the death of the
young sturgeon in the Delaware River in some years (ASSRT 2022b; Moberg and DeLucia
2016)Stetzar et al. 2015; Park 2020). Sturgeon species are more affected by hypoxia than other
fish species due to sturgeon’s limited ability to oxyregulate at low DO levels, particularly in the
first year of life in part due to the limitied means to escape from hypoxic waters (SSSRT
2010)Klyashtorin 1976, (Secor and Gunderson 1998) (Secor 2002; Secor and Niklitschek 2001).
A suitable habitat availability model for juvenile Shortnose and Atlantic sturgeon in the
Chesapeake Bay demonstrated cumulative summer stresses of hypoxia, high temperatures, and
high salinity reduced potential nursery habitat for both species (Niklitschek 2001). The model
also suggested that, during dry years, hypoxia was found in deeper waters, reducing suitable
habitat for juvenile sturgeon and access to thermal refuges. A model of EPA’s 2003 DO criteria
for Atlantic sturgeon predicted an increased in water temperature of 1.8 °F (1 °C) would reduce
available habitat by 65%.

Hare et al. 2016 determined that Atlantic sturgeons are highly vulnerable to climate change due
to their low potential to change distribution in response to climate change (e.g., spawning
locations are specific to a DPS within a specific geographic region) and their exposure to climate
change throughout their range, including in estuarine and marine waters (ASSRT 2022b).
Modeling by Breece et al. (2013) demonstrates that the Delaware River salt front is likely to
advance even further upriver with climate change, which would reduce the amount of transitional
salinity habitat available to natal juveniles.

Overutilization in terms of bycatch in federally-managed and state-managed fisheries remains
one of the primary stressors for the New York Bight DPS (ASSRT 2022b). All of the Atlantic
sturgeon that are killed as bycatch in federally-managed fisheries are subadults or adults,
although capture, injury, and bycatch as a result of state-managed fisheries can result in the
mortality of any of the Atlantic sturgeon life stages depending on where and when those fisheries
occur (ASSRT 2022b).

New information confirms that vessel strikes are a primary threat to the New York Bight DPS
and that the number of strikes is far greater than NMFS anticipated when the DPS was listed as
endangered (ASSRT 2022b). In addition, the inadequacy of existing regulatory mechanisms to
address vessel strikes of Atlantic sturgeon is a stressor for the New York Bight DPS. Finally, the
sale and trade of non-native Acipenser species poses a potential threat to the New York Bight
DPS (ASSRT 2022b).
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Recovery Planning

A recovery plan has not been completed for the listed Atlantic sturgeon DPSs. However, a
recovery outline has been prepared (NMFS 2018). A recovery outline is an interim guidance to
guide recovery efforts until a full recovery plan is developed and approved. NMFS’s vision,
explained in the recovery outline, is that subpopulations of all five Atlantic sturgeon DPSs must
be present across the historical range. These subpopulations must be of sufficient size and
genetic diversity to support successful reproduction and recovery from mortality events. The
recruitment of juveniles to the subadult and adult life stages must also increase and must be
maintained over many years. Recovery of these DPSs will require conservation of the riverine
and marine habitats used for spawning, development, foraging, and growth by abating threats to
ensure a high probability of survival into the future. The outline includes a recovery action to
implement region-wide initiatives to improve water quality in sturgeon spawning rivers, with
specific focus on eliminating or minimizing human-caused anoxic zones. The key conservation
objective for the New York Bight DPS is to increase abundance by facilitating increased
successful reproduction and recruitment to the marine environment (ASSRT 2022b).

6 ENVIRONMENTAL BASELINE

The environmental baseline refers to the condition of the listed species or its designated critical
habitat in the action area, without the consequences to the listed species or designated critical
habitat caused by the proposed action. The environmental baseline includes the past and present
impacts of all Federal, State, or private actions and other human activities in the action area, the
anticipated impacts of all proposed Federal projects in the action area that have already
undergone formal or early section 7 consultation, and the impact of State or private actions
which are contemporaneous with the consultation in process. The impacts to listed species or
designated critical habitat from Federal agency activities or existing Federal agency facilities that
are not within the agency's discretion to modify are part of the environmental baseline (50 CFR
§402.02).

The U.S. Atlantic coast has undergone significant physical, biological, and ecological changes
over the past few centuries. These changes are primarily the result of human population growth
and associated activities that have drastically altered the natural environment in this region
through aggregate impacts, including:

e time-crowded perturbations (i.e., repeated occurrence of one type of impact in the same
area) or perturbations that are so close in time that the effects of one perturbation do not
dissipate before a subsequent perturbation occurs;

e space-crowded perturbations (i.e., a concentration of a number of different impacts in the
same area) or perturbations that are so close in space that their effects overlap;

e interactions or perturbations that have qualitatively and quantitatively different
consequences for the ecosystems, ecological communities, populations, or individuals
exposed to them because of synergism (when stressors produce fundamentally different
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effects in combination than they do individually), additivity, magnification (when a
combination of stressors have effects that are more than additive), or antagonism (i.e.,
when two or more stressors have less effect in combination than they do individually);
and

e nibbling (e.g., the gradual disturbance and loss of land and habitat) or incremental and
decremental effects are often, but not always, involved in each of the preceding three
categories (NRC 1986).

The Delaware River Basin supplies drinking water to over 16 million people, including people in
New York City and central New Jersey (Kauffman 2018). Between 2000 and 2010, the
population in the Delaware River Basin increased by half a million people (Kauffman 2018).

Water quality in riverine and estuarine systems is affected by human activities conducted in the
riparian zone, as well as those conducted more remotely in the upland portion of the watershed
Industrial activities can result in discharge of pollutants, changes in water temperature and levels
of DO, and the addition of nutrients. Forestry and agricultural practices can result in erosion, run-
off of fertilizers, herbicides, insecticides or other chemicals, nutrient enrichment and alteration of
water flow. Coastal and riparian areas are also heavily impacted by real estate development and
urbanization resulting in stormwater discharges, non-point source pollution, and erosion. The
CWA regulates pollution discharges into waters of the United States from point sources;
however, it does not regulate non-point source pollution. DO in the Delaware River Zone 3 may
measure below 3.5 mg/L in summer months when the water temperature meets or exceeds 86 °F
(30 °C; Kauffman 2018).

6.1 Clean Water Act-Permitted Sources

Under the CWA, NPDES permits are renewed every five years and include permit limits for
discharge constituents that have a reasonable potential to cause an aquatic impairment. Among
the approximately 600 permitted discharges within catchments adjacent to the Specified Zones
and associated tributaries of the Delaware River, 94 are required to report ammonia and/or
oxygen loading, according to EPA's Enforcement Compliance History Online (ECHO) database
(accessed August 26, 2024). Thirty-three of these reported loadings for 2023 to EPA's Water
Pollutant Loading Tool (accessed August 26, 2024). Reporting facilities include nine discharging
to the Delaware River that, according to At the time of this writing, a total of 25 facilities
discharging pollutants directly to the Delaware River have limits for ammonia and/or oxygen
demand. Twenty five other permits with ammonia and/or oxygen demand discharge to ditches or
tributaries proximate to the Delaware River. A discharge's potential to contribute to reduced DO
levels is measured using biochemical oxygen demand (BOD) and carbonaceous organic material
(CBOD). The minimum level of 30-day average wastewater effluent criteria for the Delaware
River Basin are listed in Table 5 (DRBC 2013).
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Table 5. Minimal level of wastewater treatment for the Delaware River Basin

Parameter 30-day average effluent
criteria

5-day CBOD 10 mg/L or less

DO 6.0 mg/L or greater

Total suspended solids 10 mg/L or less

Ammonia-nitrogen 1.5 mg/L or less

Total nitrogen 10.0 mg/L or less

Total phosphorus 2.0 mg/L or less

Fecal coliform 50/100 mL or less

Section 1.1.1 of EPA’s BE identifies oxygen-consuming pollutants such as ammonia nitrogen
and organic materials in untreated and poorly treated municipal and industrial wastewater
discharges as the principle cause of poor DO conditions in the Delaware River. Presently, the
Specified Zones receive permitted treated wastewater discharges of ammonia nitrogen,
sometimes in high concentrations and, when stormwater exceeds wastewater treatment plant
capacity, untreated wastewater discharges will flow into the Delaware River in combined sewer
overflow events (CSOs). In addition to immediate pollutant load effects, untreated organic
material from a CSO can accumulate on the riverbed to be broken down over time by oxygen-
consuming bacteria. This is how CSOs increase or maintain sediment oxygen demand. CSOs
have been a persistent source of pollutants in the Specified Zones of the Delaware River for over
a century. For example, sewer overflows from Philadelphia in the early 1900s deposited over
200,000 tons of solids per year, which, in combination with other solid wastes, created deposits
12 ft deep in the river (Hardy 1999). CSOs continue to occur. From July 1, 2021, to June 30,
2022, Philadelphia’s wastewater system alone released over 1.7 billion cubic feet of CSO
discharges into the Delaware River (Philadelphia Water Department 2022).

6.2 Dredged Materials

Consultations for dredging the Delaware River navigation channel acknowledge the upland
disposal of dredged materials, but do not evaluate the potential for pollutants to enter the
Delaware River through eventual dewatering or ground water infiltration and seepage. Dredged
sediments for the Delaware River, Philadelphia to the Sea Federal Navigation project (DFNP)
and private and municipal projects (e.g., marinas, piers, road crossings) have been and are
expected to continue to be disposed of in Federally and privately owned and maintained upland
dredged material placement facilities (DMPFs). Alternatives to the DMPFs that may alleviate
storage demand include beneficial uses such as beach nourishment and wetland restoration
(Leary 2024).

There are three large DMPFs adjacent to the Delaware River in Zone 4 and three in Upper Zone
5 (Figure 5). All are located on the New Jersey side of the river. The three DMPFs in Upper
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Zone 5 borders about 6 km of the river, are Federally owned, and together cover approximately
573 hectares. The three large DMPFs in Zone 4 are privately owned, border about 5 km of the
river, and together they cover just over 400 hectares.
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Figure 5. Locations of DMPFs adjacent to Specified Zones of the Delaware River

The State of New Jersey assumed the CWA section 404 permit program for discharges of
dredged or fill material to Waters of the United States from the United States Army Corps of
Engineers in 1994. The New Jersey Department of Environmental Protection does not require
state NPDES discharge permits for DMPFs receiving materials only from the water body into
which they discharge (NJDEP 1997). Annual reports describing the condition, operation,
maintenance, and discharge monitoring are required, but are not publically available. Section 401
of the CWA requires that Federal projects involving discharges into waters of the United States
must obtain a certification from the relevant state that the project meets state water quality
standards. Federally owned DMPFs therefore require 401 certification from New Jersey.
Operation of these facilities are expected to be consistent with the Army Corps of Engineers
Dredging and Dredged Material Management Engineer Manual. According to the manual,
maintaining as high a percentage of fine-grained sediment particles as possible is a principle
design criterion as most chemical contaminants are expected to remain bound to sediment
particles and settled fine particles act as a barrier to groundwater infiltration. The manual
identifies potential adverse water quality impacts from discharges to be increased chloride,
potassium, sodium, calcium, total organic carbon, alkalinity, iron, and manganese (USACE
2015).
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Dredging activities conducted since 1910 for the DFNP have likely attenuated the impact of
legacy sediment contamination and attendant oxygen demand. For example, approximately 3
million cubic yards of material was removed annually between 1995 and 2020 in order to
maintain the channel. Four “hot spots” of sediment accumulation account for 80% of the
removed material, two of these are within the Specified Zones of the Delaware River affected by
the criteria (Leary 2024). At this time, the Army Corps of Engineers, Philadelphia District is
scoping a 20-year operation and management plan for materials dredged for the DFNP to address
expected limitations in disposal capacity. Aerial images of DMPFs along the Delaware River
occasionally show bright green algal or duckweed blooms indicating nutrient-enriched water and
substrate, such as that seen at the Federally owned and operated Oldmans DFNP in Upper Zone
5, just south of Zone 4 Figure 6, taken June, 2022). This suggests the removal of sediment
pollutants that would otherwise contribute to poor DO conditions, but these facilities may also
act as land-based sources of such pollutants.

Delaware

Oldmans Creek

Figure 6. Oldmans Dredged Material Placement Facility showing bright green bloom of algae or duckweed
6.3 Municipal Separate Storm Sewer Systems

Stormwater Municipal Separate Storm Sewer Systems (MS4s) permits regulate discharges on a
system or jurisdiction-wide basis and must effectively prohibit non-stormwater discharges into
the sewer system. Stormwater discharges regulated under a MS4 permit represent a baseline
stormwater impact to which other regulated discharges are added.

Stormwater monitoring data for the states of Delaware and Pennsylvania recorded for 1981 to
2005 in the National Stormwater Water Quality Database summarize ammonia, cadmium and
other pollutants occurring in stormwater and potentially reaching Delaware River and Estuary
surface waters, leading to exposure of ESA-listed sturgeon (Table 6). No water quality
monitoring stations were located in New Jersey.
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Table 6. Summary of available stormwater monitoring data from the National Stormwater

Water Quality Database (1981-2005)

Pollutant and units Delaware Pennsylvania
All valu_es total unless Detected De_tec_:tion Detected De_tec_:tion
otherwise noted limits limits
Phosphorous (dissolved) mg/L 0.06-1.8 (N=24) 0.05-0.1  0.023-0.433 (N=12) 0.001-0.5
Phosphorous mg/L 0.043-4.6 (N=33) 0.04-0.1  0.057-0.574 (N=12)  0.01-0.5
Fecal Coliform MPN/100 mL - - 280-43,000 (N=11) 1-2000
Fecal Streptococcus MPN/100 _ _ 1080-64,000 1-200
mL (N=12)
Ammonia mg/L 0.1-1.7 (N=26) 0.1-1 0.01-1
Nitrate & Nitrite mg/L - - 0.3-0.97 (N=12) 0.02-1
Total Kjeldahl Nitrogen mg/L 0.49-4.7 (N=33) 0.5-2 0.56-2.52 (N=12) -
i Oxygen Demand 3.2-50 (N=39) 4-11 2-36 (N=12) -
el Oxygen bemand 12-535 (N=46) 5 17-106 (N=12) -
Oil and Grease mg/L 0.15-9.1 (N=38) 1-9 <10 (N=12) --
Total Petroleum Hydrocarbon
mg/L B B B B
2-Chloroethylvinylether ug/L -- -- <10 (N=12) --
Acrolein ug/L -- -- <20-<40 (N=12) --
Chloroform pg/L -- -- <5 (N=12) --
Ethylbenzene ug/L -- -- <5 (N=12) --
Methylchloride ug/L -- -- <10 (N-=12) --
Toluene pg/L -- -- <5 (N=12) --
Antimony ug/L -- -- <1 (N=12) --
Arsenic ug/L -- -- <1 (N=12) --
Beryllium pg/L -- -- --

. 0.076- _
Cadmium pg/L 0.13 055 <5-<10 (N=12) --
Chromium pg/L -- -- <1 (N=12) --
Copper pg/L 0.33-5.25 (N=35) 2.8 <20-60 (N=12) --
Cyanide ug/L -- -- <5-6 (N=12) --
Lead pg/L 0.46-2.9 (N=23) 0.33-1 <200 (N=12) --
Mercury ug/L -- -- -- --
Nickel pg/L -- - <50 (N=12) -
Selenium ug/L -- -- <1 (N=12) -
Silver ug/L -- -- <20 (N=12) --
Thallium pg/L -- -- <1 (N=12) -
Zinc ug/L 1.69-130 (N=46) 2.2 50-280 (N=12) --

Management of the NPDES permit program was delegated to Delaware under Section 402 of the
CWA, which is managed under by the Surface Water Discharges Section, within the Department
of Natural Resources and Environmental Control,Division of Water. The DRBC has regulations
that apply to NPDES discharges to the Delaware River Watershed. In Delaware there are two
types of NPDES permits, individual and general. General permits are issued for a given state-
wide activity such as the discharge of stormwater associated with industrial permits, while

37



EPA Region 3, Delaware River DO Tracking no. OPR-2022-03643

individual permits are permits developed and issued on a case-by-case basis for activities not
covered by general permits.

In Pennsylvania, EPA has delegated authority to issue NPDES permits to the Pennsylvania
Department of Environmental Protection. If applicants qualify, they may be approved for
coverage under a General State NPDES permit. If facilities do not qualify for General Permit
coverage submission of an application for an individual NPDES permit may be necessary. Water
Quality Management permits are also issued by Regional Clean Water programs under
Pennsylvania's Clean Streams Law for discharges to groundwater and for the construction of
sewage and industrial waste treatment facilities, sewage collection systems and pump stations,
and manure storage facilities. Pennsylvania Department of Environmental Protection’s Central
Office has also issued two General Water Quality Management permits that applicants may
qualify for to streamline the permitting process. Pennsylvania Department of Environmental
Protection also issues a joint permit with the Pennsylvania Fish and Boat Commission for the
application of algicides, herbicides and fish control chemicals.

In New Jersey, EPA has delegated authority to issue NPDES permits to the New Jersey
Department of Environmental Protection. NPDES permits in New Jersey are issued under the
New Jersey Pollutant Discharge Elimination System. A suite of programs form a framework to
protect the waters from various point and nonpoint sources of pollutants. State Rules provide
requirements for discharges of stormwater associated with individual industrial activities, other
point or nonpoint sources over larger geographic areas like municipalities, and combined sewer
overflow systems.

6.4 Mixtures and Impairments

In both point and nonpoint source pollution, chemicals occur together in mixtures, but criteria for
those chemicals are developed in isolation without consideration of additive toxicity or other
chemical or biological interactions. A number of studies have determined conclusively that
adverse effects due to additive or synergistic toxicity mechanisms occur when one or more
metals are near or equal to acute criteria concentrations (e.g., Marking 1985; Sprague 1970;
Vijver et al. 2010).

The CWA requires states and territories to assess water quality every two years under 305(b) and
identify waters that are impaired under 303(d) and in need of restoration. Impairments may be
based on a single or multiple stressors within the system. One stressor may mask the effects of
other stressors that are also adversely affecting aquatic life. Top pollutants in the Delaware River
Basin are listed in Table 7 both by pounds and toxic weighted pounds equivalent. Toxic
weighted pounds equivalent is the mass of a pollutant or chemical discharged that accounts for
its relative toxicity, converted by multiplying the pollutant mass (in pounds) by its toxic
weighting factor.
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Table 7. Top pollutants in the Delaware River Basin by pounds and toxic-weighted pounds

Pollutant Name Total Pounds |Toxic-Weighted Pounds Equivalent
(Ib/year) (Ib-equivalent/year)

Solids, total dissolved 391,337,119 -

Chloride 68,220,387 1,661

Sulfate 40,452,842 227

Solids, total suspended 28,006,989 --

CBOD, 20 day, 20 C 23,886,222 -

Ammonia as N 19,762,370 21,936

Total Residual Chlorine 679,798 339,899

Benzidine 53 150,475

Manganese 302,024 31,108

Copper 31,472 19,607

Aluminum 120,608 7,236

A TMDL is the calculated to determine the maximum amount of a pollutant that may enter a
waterbody while allowing the waterbody to meet and continue to meet water quality standards
for that particular pollutant. A TMDL determines a pollutant reduction target and allocates load
reductions necessary to the source(s) of the pollutant. These water quality assessments are sent as
an integrated report every even numbered year to EPA, which must approve of each impaired
waters’ listing. As a result, many recent state assessments are not finalized until the following
year or later. In the Delaware River Basin, Delaware has approved TMDLs for low oxygen,
nutrients, bacteria, and PCBs (Table 8). Pennsylvania and New Jersey do not have any approved
TMDLs in the Basin.

EPA’s 2022 Vision for the CWA Section 303(d) Program identifies effective tools for restoring
waters. Typically, the recommended tool is a TMDL, but there are cases where a more
immediate restoration approach is developed prior to a TMDL. An advance restoration plan
(ARP) is a near-term description of actions, schedule, and milestones to achieve water quality
standards. Impaired waters on an ARP remain on the 303(d) list and require TMDLs until water
quality standards are attained. EPA does not take action to approve or disapprove ARPs,
although EPA does review the ARP for inclusion in 303(d) performance measures. While both
Pennsylvania and New Jersey have one or more ARPs included in 303(d) performance measures,
neither state has an ARP in the Delaware River Basin (Table 8).
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Table 8. Delaware River action area impairments with approved TMDLs or ARPs included
in 303(d) performance measures

State Approved TMDL Impairment Included ARP Performance Measure
Delaware Low Oxygen (5-day CBOD) Not Applicable
PCBs,Nutrients, Bacteria
Pennsylvania None None
New Jersey None None

The EPA approved Delaware’s most recent 303(d) list for freshwaters in May of 2022. Delaware
has been addressing toxic pollutant issues and performing trends analyses of pollutants in fish
tissue, which has informed a new category of impairment called Category 5 Monitored Natural
Recovery (MNR; State of Delaware 2022). This category indicates that pollutant levels remain
above screening levels and are in need of TMDL regulations to meet screening levels in future
evaluations. Delaware has also been working with EPA to move Delaware’s 303(d) listing data
into EPA’s Assessment TMDL Tracking and Implementation System database. The State of
Delaware 2022 Integrated Report found seven bodies of water previously impaired to be
supporting the assessed use for DO, six to be supporting the assessed use for nutrients, and three
to be supporting the assessed use for bacteria in the Delaware River Basin. The report also
changed the status of one body of water previously impaired from Category 5 to Category 5
MNR for DDT.

EPA has not yet approved Pennsylvania’s 2024 303(d) list for freshwaters. Overall, Pennsylvania
has assessed 10,482 of 10,746 mi (97.5%) of stream in the Delaware River Basin and found
4,904 mi (45.6%) to be impaired. The Pennsylvania 2022-2024 Integrated Water Quality Report
found 251 bodies of water previously impaired to have new impairments due to eutrophication,
211 new impairments due to habitat alternations and/or siltation, and five new impairments due
to acid mine drainage (iron, low pH) in the Delaware River Basin. The report also found 212
bodies of water previously supporting the assessed use to be impaired due to habitat alternations
and/or siltation, 58 to be impaired due to unknown causes, and two to be impaired due to
eutrophication. Three hundred fifty-two bodies of water previously unassessed were found to be
impaired for Escherichia coli, seven to be impaired for habitat alteration and/or siltation, and one
to be impaired for eutrophication. Ninety bodies of water previously unassessed were found to be
supporting the assessed use.

The EPA approved New Jersey’s most recent 303(d) list for freshwaters in 2020. New Jersey
increased data samples from 300,000 in the 2006 assessment to 3 million in the 2020 assessment.
In the Delaware River Basin, 332 of 392 water bodies (85%) have been assessed, with 250 (64%)
impaired for aquatic life general designated use. Top causes of impairment statewide in New
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Jersey include total phosphorus, DO, pH, and temperature. The state biological trends for fish
communities appear to be static with a slight negative trend.

6.5 Climate Change

Climate change, despite being a global phenomenon, is discussed in this section and in the
cumulative effects section (Section 8), because it is a current and ongoing effect that influences
environmental quality within the action area now and in the future. NMFS’s policy guidance
with respect to climate change when evaluating an agency’s action is to project climate effects
over the timeframe of the action’s consequences. The EPA’s approval and subsequent
implementation of water quality criteria will be in effect indefinitely. Because Atlantic sturgeon
can migrate widely, some aspects of global climate change are important to consider.

The effects of climate change on ESA-listed sturgeon will not occur independently from other
stressors. Rather, the anthropogenic stressors already affecting the fitness and survival of
sturgeon — including bycatch, loss of migratory habitat from dams, contamination of riverine
habitat and overall decreased water quality — will be compounded by the anticipated effects of
climate change such as increased spring rainfall and potential for CSO events in the mid-Atlantic
states (Runkle et al. 2022a). The aggregate effects of an increasingly built environment affecting
watersheds where species and critical habitat under NMFS’s jurisdiction occur interacts with
climate change-driven shifts in precipitation to result in a continually shifting baseline.

There is a large and growing body of literature on past, present, and future impacts of global
climate change, exacerbated and accelerated by human activities. Effects of climate change
include sea level rise, increased frequency and magnitude of severe weather events, changes in
air and water temperatures, and changes in precipitation patterns, all of which are likely to
impact ESA resources. While shortnose sturgeon remain closely associated with their natal
rivers, Atlantic sturgeon undertake extensive migrations along the Atlantic coast. Their
extirpation from European coastlines and rivers is attributed to over harvest, barriers to
migration, and climate change. A climate vulnerability assessment, conducted on 82 fish and
invertebrate species in the Northeast U.S. Shelf, concluded that Atlantic sturgeon from all five
DPSs were among the most vulnerable species to global climate change (Hare et al. 2016).

The NOAA climate information portal provides basic background information on these and other
measured or anticipated climate change effects. Because Atlantic sturgeon DPSs are highly
migratory, we incorporate by reference overarching National-scale information on climate
change effects reported in the ESA Section 7 Conference and Biological Opinion on the EPA’s
Registration Review of Pesticide Products containing Carbaryl and Methomyl (pages 381-399;
NMFS 2024)

According to the state climate change summaries, temperatures in Delaware and New Jersey

have risen more than 3 °F since the beginning of the 20th century. Data for Pennsylvania indicate
a temperature rise of more than 2 °F, but this average incorporates the Allegany Mountains and

more northern and western regions of the state. Statewide in Delaware, total annual precipitation
has shown a slight upward trend since 1895 and has been above average since the mid-1990s and
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the number of two-inch extreme precipitation events at Dover, Delaware has generally been
above average since the early 1990s (Runkle et al. 2022b). Total annual precipitation for New
Jersey has been about 3.7 inches above average over the last 16 years. During 2010-2014, the
state experienced the greatest number of two-inch extreme precipitation events, about 50% above
the long-term average (Runkle et al. 2022a). The number of 2 inextreme precipitation events
have also increased in Pennsylvania (Frankson et al. 2022). While data indicate that an increase
in sea level rise would shift the location of the salt front, at this time there are no predictions on
the timing or extent of any shifts that may occur; thus, it is not possible to predict any future loss
in spawning or rearing habitat. However, in all river systems, spawning occurs miles upstream of
the salt wedge.

Increased rainfall may increase runoff and scour spawning areas and flooding events could cause
temporary water quality issues. Rising temperatures will likely exacerbate existing water quality
problems, such as decreases in DO (Meyer et al. 1999; Raymondi et al. 2013; Winder and
Schindler 2004). Higher temperatures are likely to cause several species to become more
susceptible to parasites, disease, and higher predation rates (Crozier et al. 2008; Raymondi et al.
2013; Wainwright and Weitkamp 2013).

Increased droughts (and water withdrawal for human use) predicted by some models for some
areas may cause loss of habitat, including loss of access to spawning habitat. Drought conditions
in the spring may also expose eggs and larvae in rearing habitats. If a river becomes too dry, all
sturgeon life stages, including adults, may become susceptible to strandings. Low flow and
drought conditions are also expected to cause additional water quality issues.

The Chesapeake Bay, specifically, is especially vulnerable to climate change through sea level
rise, changes in river discharge from precipitation extremes, increased water temperatures, and
potential acidification (ocean and biological). The Bay area is perceived to be the third most
vulnerable area in the United States to sea level rise behind Louisiana and South Florida. Tidal
gauge records show that sea level in the Chesapeake Bay has been increasing at an average rate
of 3.3-3.8 cm per decade over the past 100 years. Additionally, increasing urban development,
excess pollution levels, and changes in water temperature and salinity have impacted some plant
and animal species, affecting the Chesapeake Bay area ecosystems (Runkle et al. 2022d).

Changes in the marine ecosystem caused by global climate change (e.g., ocean acidification,
salinity, oceanic currents, DO levels, nutrient distribution) could influence the distribution and
abundance of lower trophic levels (e.g., phytoplankton, zooplankton, submerged aquatic
vegetation, crustaceans, mollusks), ultimately affecting primary foraging areas of sturgeon.
Rising sea level combined with more frequent droughts and increased human demand for water
has been predicted to result in a northward movement of the salt wedge in the Delaware River,
possibly affecting the survival of drifting larvae and YOY sturgeon that are sensitive to elevated
salinity (Collier 2011). Currently, the normal average location of the salt wedge is at
approximately rkm 114 (median monthly salt front ranges from rkm 107.8-122.3; DRBC 2024).
Collier (2011) predicts that, without mitigation (e.g., increased release of flows into downstream
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areas of the river), at high tide in the peak of the summer during extreme drought conditions, the
salt line could be as far upstream as rkm 183 in 2050 and rkm 188 in 2100. The farthest north the
salt line has historically been documented was approximately rkm 166 during a period of severe
drought in 1965; thus, she predicts that, over time, during certain extreme conditions, the salt line
could shift up to 10.6 mi (17 km) further upstream by 2050 and 13.7 mi (22 km) further upstream
by 2100.

Any of the conditions associated with climate change are likely to disrupt river ecology causing
shifts in community structure and the type and abundance of prey. Additionally, cues for
spawning migration and spawning could occur earlier in the season causing a mismatch in prey
that are currently available to developing sturgeon in rearing habitat. The shortnose sturgeon and
all Atlantic sturgeon DPSs are highly vulnerable to climate change. In particular, the Atlantic
sturgeon’s low likelihood to change distribution in response to current global climate change will
expose the species to effects of climate change on estuarine habitat, such as changes in the
occurrence and abundance of prey species in currently identified key foraging areas (ASSRT
2022b).

7 ANALYSIS OF EFFECTS

The ESA section 7 regulations (50 CFR §402.02) define effects of the action as “all
consequences to listed species or critical habitat that are caused by the proposed action, including
the consequences of other activities that are caused by the proposed action but that are not part of
the action. A consequence is caused by the proposed action if it would not occur but for the
proposed action and it is reasonably certain to occur. Effects of the action may occur later in time
and may include consequences occurring outside the immediate area involved in the action. ”

To understand the effects of the action to listed species and critical habitats, we employ a
stressor-exposure-response analysis using information about the location, timing, intensity, and
frequency of stressor sources and stressors (described in Section 3.5) to characterize the
exposures of ESA-listed species and designated critical habitat in the action area (described in
Section 5.2), then evaluating whether the responses to these exposures will result in adverse
effects on the survival, growth, fecundity, and the quality and quantity of prey (i.e., LAA
determination).

The effects of EPA's Action on ESA-listed sturgeon is the result of exposure to water quality
conditions within the promulgated criteria limits. Because the Specified Zones of the Delaware
River do not currently meet the criteria, once promulgated, water quality effects are expected to
gradually improve from baseline conditions for all life stages of shortnose sturgeon and New
York Bight DPS of Atlantic sturgeon in the river. We evaluate effects during this shift to
acknowledge take that is occurring and is expected to persist until the criteria are attained. EPA
lacks discretion over the implementation of its promulgated criteria, so this take cannot be
exempted in the incidental take statement of this opinion, but, as described in Section 1.1.1
above, this take can be minimized by EPA though its oversight authorities under the CWA.
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The following analysis compares the DO requirements of Atlantic, specifically the New York
Bight DPS for this consultation, and shortnose sturgeon affected by EPA's Action. The results of
the analysis in this section is integrated with the species status (Section 5.2), environmental
baseline (Section 6), and future actions that would not be subject to ESA section 7 consultations
(Section 8) to determine if continued persistence of these species is jeopardized or critical habitat
is destroyed or adversely modified by the action (Section 9).

Atlantic and shortnose sturgeon are closely taxonomically related sympatric species with similar
lifecycles, habitats, and physiological requirements. Both species are similarly sensitive to DO
conditions (Niklitschek and Secor 2010). Therefore, we expect exposures within the DO criteria
limits will affect shortnose sturgeon individuals in the same manner as Atlantic sturgeon. One
important difference is that shortnose sturgeon are more closely associated with their natal rivers,
spending little time in the ocean, while Atlantic sturgeon migrate widely along the eastern
coastline. This difference, along with the differences in size, stability, and abundance of their
respective populations (Sections 4.2.1 and 4.2.2), means the implications of the DO criteria for
the affected populations of these species will not necessarily be identical.

The assessment sections of EPA’s BE (pages 14-21, USEPA 2024a) and Sections 4 and 5 of the
BE technical support document enclosure (USEPA 2023) represent the best available
information on the effect of DO levels on Atlantic and shortnose sturgeon under both current
conditions and conditions within criteria limits in the Specified Zones of the Delaware River.
The analysis below summarizes and incorporates these documents by reference.

7.1 Effects of Establishing DO Criteria

The exposure section of this opinion evaluates the extent to which ESA-listed species
populations, life stages, or sexes are likely to occur at the same time and location as stressors
resulting from EPA's Action’s modifications to the environment. Section 3.2 of this opinion
describes the location, timing, duration, intensity, and frequency of stressors resulting from
EPA's Action. The duration, frequency, and intensity of stressors that occur in the same location
and time as ESA-listed species identify exposures that are reasonably certain to occur.
Integrating the exposures that are reasonably certain to occur with the species life histories and
population dynamics (Section 5.2) identifies the populations, life stages, or sexes likely to
experience these exposures and allows us to place the exposures of individuals in context of the
population to which they belong.

As explained in Section 3.5 of this opinion, the stressor of the action, DO, is not caused by the
action, it is to be regulated by the action. The location, timing, duration, intensity, and frequency
for the stressor of EPA's Action, DO, is, therefore, determined by the criteria limits that were
specified in Table 1 of this opinion. The proposed criteria are specified for three seasons:

e Spawning, Larval Development, and Continued Growth for age 1 fish (March 1 — June
30, 121 days);

e Juvenile Development (July 1 — October 31, 122 days); and

e Overwintering (November 1 — February 28/29, 119/120 days).
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No more than 12 days within any season can have a daily average DO saturation below 66% and,
during the juvenile development season, at least half of the daily averages must be above 73%
saturation. These criteria are applied to the tidal freshwaters in Zone 3, Zone 4, and upper Zone 5
of the Delaware River (Figure 1). The action area extends both upstream and downstream of
these Specified Zones because water quality management in the Delaware River Basin is
watershed-based and the permitting of upstream discharges is expected to take downstream
designated uses and criteria into consideration.

As explained in Section 3.5.3, there will be a lag in criteria attainment. Baseline conditions are
expected to largely persist until objections to the permits for three facilities discharging the
majority of oxygen-demanding pollutant load directly to the Specified Zones are resolved. A
shift toward less stressful DO conditions also requires that these facilities comply with updated
permit limits. Smaller improvements in condition are expected to begin as other permits
incorporate, and discharges comply with, updated limits beginning in 2026.

All life stages of shortnose and New York Bight DPS of Atlantic sturgeon populations in the
Delaware River are presently exposed to baseline water quality conditions reflected in Figure 2.
Exposures are expected to improve after 2026, given compliance with updated permit limits that
are consistent with the criteria. EPA has oversight authority for the implementation of these
criteria, it does not have discretion to regulate the sources responsible for the baseline DO
exposure and shift toward more favorable DO conditions.

The Delaware River is well mixed, so avoiding periods of low DO conditions, whether during
the lag in criteria attainment or during the infrequent periods of low DO within criteria limits,
would require longitudinal (upriver-downriver) rather than vertical (deep to shallow) movement.
The monitoring stations, Penn's Landing about 17.4 mi (28 km) upstream of Chester, are
intended to represent the 38.4 mi (61.8 km) extent of the Specified Zones. Plots of percent DO
saturation and DO concentration over the Larval Development and Juvenile Development
Seasons for 2023 suggest that refugia may not be accessible.

7.1.1 Exposure of Shortnose Sturgeon

As described in Section 5.2.1 of this opinion, all age classes of shortnose sturgeon occur
throughout the Delaware River Estuary. Adult shortnose sturgeon spawn in the non-tidal portion
of the river well above the Specified Zones. After hatching, larvae drift downstream but remain
within freshwater habitats (Bain 1997). During the summer and winter months, adults occur
primarily in freshwater tidally influenced river reaches (Buckley and Kynard 1985). While adult
and subadult shortnose sturgeon are expected to forage within the Delaware Estuary over most of
their lives, adults are known to make inter-basin movements between the Delaware River and
Chesapeake Bay (Welsh et al. 2002).

Shortnose sturgeon population dynamics were described in section 5.2.1. We do not have
population-specific age structure data and cannot estimate the number or biomass of first-year
fish to place potential effects to shortnose sturgeon in context of the estimates for Atlantic
sturgeon data used in deriving the DO criteria. Because this species remains close to its natal
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rivers, exposures to baseline and gradually improving conditions during the lag in criteria
compliance described in Section 3.5.3 of this opinion is expected to occur for each life stage in
the population, although subadults and adults are expected to avoid poor DO conditions.

Once EPA's DO criteria are attained, we expect every individual of the Delaware River
population of shortnose sturgeon to be exposed to water quality conditions within criteria limits.

7.1.2 Exposure of New York Bight DPS Atlantic Sturgeon

NMES estimated adult and subadult abundance of the New York Bight DPS at 34,566 sturgeon
based on available information for the genetic composition and the estimated abundance of
Atlantic sturgeon in marine waters (Damon-Randall et al. 2013; Kocik et al. 2013). This number
encompasses many age classes because, across all DPSs, subadults can be as young as one year
old when they first enter the marine environment, and adults can live as long as 64 years (Balazik
et al. 2012b; Hilton et al. 2016).

An estimated 125 — 250 adult Atlantic sturgeon currently return to spawn in the Delaware River
(White et al. 2022). Hale et al. (2016) estimated the abundance of age 0-1 juveniles in 2014 at
3,656 (95% CI = 1,935-33,041). Because adult and subadult Atlantic sturgeon forage and
migrate widely among rivers and coastal waters, we expect individuals of this age class to avoid
unfavorable conditions when they are encountered. Adults generally will spawn in April when
DO conditions are more favorable relative to the juvenile development season. There is some
evidence that a second spawning occurs in mid-Atlantic rivers from late summer to early autumn
(Balazik et al. 2012a; Balazik and Musick 2015). Fall spawning would result in a shorter
development and growth season, but will occur during improving DO conditions.

The broad confidence interval around the Hale et al. (2016) single-year cohort size estimate for
0-1 year fish makes identifying the number of fish exposed untenable. We expect all larval and
juvenile life stages of the Delaware River population will be exposed to baseline and gradually
improving conditions during the lag in criteria compliance because they must remain above the
salt front. We note that DO refugia do not appear to be available for first-year fish during the
Juvenile Development Season (Figure 7). Juveniles typically spend at least two years and
sometimes as many as five years in freshwater before eventually becoming coastal residents as
subadults (Boreman 1997; Schueller and Peterson 2010; Smith 1985).

Once EPA's DO criteria are attained, we expect that, in subsequent years, every individual of the
Delaware River population of Atlantic sturgeon will be exposed to water quality conditions
within criteria limits over their larval and juvenile development life stages and as subadults and
adults that increasingly forage in the Specified Zones because of improved conditions for all
aquatic life. Subadults and adults, however, are expected to avoid periods of low DO that occur
within criteria limits because they can forage in saltwater or seek better conditions in other
rivers.
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7.2 Response of ESA-listed Sturgeon to Exposures within Criteria Limits

The response section of a biological opinion evaluates the extent to which ESA-listed species
populations, life stages, or sexes are likely to respond to the exposures that are reasonably certain
to occur as a result of the proposed action. Our assessment considers the potential lethal, sub-
lethal (e.g., growth, maturation, development), or behavioral responses that might reduce the
fitness of individuals.

For species, we discuss responses in terms of survival, fecundity, growth and development, or
behavioral effects. These responses may rise to the level of take under the ESA. Take is defined
as “to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to
engage in any such conduct” (16 U.S.C. §1532(19)). Harass means to create the likelihood of
injury to wildlife by annoying it to such an extent as to significantly disrupt normal behavioral
patterns which include, but are not limited to, breeding, feeding, or sheltering (NMFS Policy
Directive 02-110-22). Harm is defined as an act that actually kills or injures fish or wildlife.

Such an act may include significant habitat modification or degradation which actually kills or
injures fish or wildlife by significantly impairing essential behavioral patterns, including
breeding, spawning, rearing, migrating, feeding, or sheltering (50 CFR §222.102).

7.2.1 Response of First-Year Sturgeon to Dissolved Oxygen Conditions within
Criteria Limits

Oxygen is essential to the production of cellular energy (Alberts et al. 2002). Fish and other
aquatic organisms obtain oxygen dissolved in ambient water by diffusion as they ventilate water
past their featherlike gills. The featherlike structure of gills is important because it maximizes the
surface area over which this diffusion occurs. Gill damage or low oxygen levels in ambient water
limits the amount of oxygen an aquatic organism can obtain (Evans et al. 2005). With
insufficient oxygen, cellular energy production declines, resulting in organism-level effects on
energy-demanding life processes such as growth, tissue repair, and development. If oxygen
insufficiency persists, an organism can die (Canosa and Bertucci 2023; Wang et al. 2023). A
summary by Secor and Niklitschek (2001) explains that the DO concentration at which
metabolism decreases to the point of death is higher for sturgeon than for most fish species. This
sensitivity is attributed to slower rates of oxygen uptake due to inefficient gill ventilation and
oxygen binding by hemoglobin.

The analyses in EPA's BE and accompanying technical support document (USEPA 2023;
USEPA 2024a) are incorporated here by reference because they represent the best available
information on current DO conditions and anticipated consequences of EPA's Action for ESA-
listed species in waters meeting the promulgated DO criteria. The approach used Niklitschek and
Secor's (2005, 2009) models to estimate biomass change using 20 years of monitoring data
collected during the New York Bight DPS of Atlantic sturgeon growth and development season
from two stations representing the rearing portion of the Delaware River: Chester and Penn's
Landing (See Figure 1). Niklitschek and Secor's (2005, 2009) models used empirical data for the
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effects of temperature, salinity, and oxygen saturation on juvenile Atlantic sturgeon to estimate
the biomass of annual cohorts surviving to the beginning of the overwintering season. Estimating
the net cohort biomass change over the growth and development seasons is the most appropriate
metric because simple correlations using observational data for oxygen saturation and condition
factor (weight divided by length) of individual fish fails to account for deaths in the cohort.

Based on the overlap in habitat and spawning periods and similar sensitivity of shortnose
sturgeon to DO, changes in relative growth and survival of first-year shortnose sturgeon is
expected to track that of first-year Atlantic sturgeon. Conditions that are expected to result in
increased Atlantic sturgeon cohort biomass are expected to result in increased shortnose sturgeon
cohort biomass, thus, this analysis applies to both species.

The technical support document accompanying EPA’s BE details the model and data underlying
the development of the criteria (USEPA 2023). Sections 3.3 and 4 of that document describe
how EPA modeled instantaneous growth (i.e., HSI) against DO saturation to identify conditions
supporting increasing biomass of the annual cohort (i.e., HSI>0) more often than not. When the
HSI is greater than zero, the biomass of a cohort of juvenile Atlantic sturgeon has the potential to
increase during the Juvenile Development Season. Increasing cohort biomass would increase
recruitment into the reproducing (propagating) population. Conversely, when the HSI is less than
or equal to zero, seasonal average mortality rates are greater than or equal to seasonal average
growth rates and the overall biomass of the cohort will decrease. This is critical for the continued
existence of shortnose and Atlantic sturgeon in the Delaware River as the population sizes of
these species are at historically low levels. EPA set the criteria at levels expected to allow for the
successful propagation of shortnose and New York Bight DPS of Atlantic sturgeon, improving
prospects for increasing population sizes for both species spawning in the river. Figure 7
illustrates the implications of existing and DO-criteria-compliant (restored) conditions for
Atlantic sturgeon growth using monitoring data collected over 20 years (2002-2022) from Penn's
Landing and Chester during the Juvenile Development Season.

Applying the 20 years of observed DO, temperature, and salinity data to Niklitschek and Secor's
(2005, 2009) models, EPA found that biomass loss through death and effects on growth far
exceeded potential growth in most years with the cohort biomass decreasing in most years from
2002-2022, and by greater than 90% in some years (Figure 7, left panels). However, even when
the DO criteria are attained, referred to in Figure 6 as the restored condition, EPA’s model found
that, in some years, DO is still expected to occur at levels that reduce the potential rate of growth
or cause increased mortality (Figure 7, right panels). Growth and survival are expected to be
supported in most years at Penn’s Landing, with HSI>0 expected about 60% of the time, and in
nearly all years at Chester, with HSI>0 expected >90% of the time. Although low DO conditions
are expected to occur, seasons with net biomass loss are expected to become less frequent and
less severe than under current conditions resulting in more frequent seasonal gains in fish
biomass (Figure 7, right versus left panels).
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Figure 7. Juvenile Sturgeon Growth Season HSI and percent change in biomass using observed (left) and
estimated restored (right) DO at Penn’s Landing and Chester monitoring stations (data not available for
2010, Figure 7 from USEPA 2023)

Climate Change Effects on the Protectiveness of the DO Criteria

Because the DO criteria are based on oxygen saturation, and saturation limits decline under
increasing temperature and salinity, anticipated temperature increases and rising sea levels with
continued climate change will result in declining DO concentrations for exposures within criteria
limits. As explained in Section 7.2, the DO concentration at which metabolism decreases to the
point of death is higher for sturgeon than for most fish species because they have slower rates of
oxygen uptake. Rising sea levels will also shift the salt front further upstream, shifting and
potentially compressing juvenile rearing habitat.

EPA's DO criteria were developed using 20 years of historical data and the applicability of that
data to conditions in the coming years is uncertain. EPA's BE acknowledged that high

temperatures are already limiting for sturgeon and temperature increases are likely. Yet in
developing its criteria, EPA assumed that overall water temperature and the seasonal pattern of
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water temperature would not change from recent observations because a rigorous estimate of
expected changes in water temperature for the Delaware River was not available (USEPA
2024a). We expect the protectiveness of EPA's DO criteria will depreciate under continuing
climate change.

7.3 Determination for EPA's Action

Given their strong fidelity to their natal rivers, members of the Delaware River shortnose
sturgeon population are expected to experience the effects of DO conditions within criteria limits
for most of their lifetime, with all individuals experiencing these conditions continuously during
their initial development and growth period. Given the similarities between shortnose sturgeon
and Atlantic sturgeon, water quality conditions resulting from EPA's Action are likely to
adversely affect and result in take of early life stage and juvenile shortnose sturgeon because
some Juvenile Development Seasons will have periods of low oxygen that are expected to result
in reduced net biomass loss through increased mortality and decreased growth of YOY shortnose
sturgeon. Effects on Adult and subadult shortnose sturgeon are expected to be insignificant
because these life stages are expected to avoid the Specified Zones during periods of stressful
DO conditions.

Water quality conditions resulting from EPA's Action are likely to adversely affect early life
stage and juvenile members of the New York Bight DPS of Atlantic sturgeon in the Delaware
River because some Juvenile Development Seasons will have periods of dissolved oxygen stress
that are expected to cause net biomass loss and take through increased mortality and decreased
growth. Effects on Adult and subadult New York Bight DPS of Atlantic sturgeon are expected to
be insignificant because these life stages are expected to avoid the Specified Zones during
periods of stressful DO conditions.

Seasons with periods of dissolved oxygen stress and net biomass loss for both species are likely
to increase as climate change progresses.

7.4 Consequences of the Lag in DO Criteria Attainment

The consequences of the lag in DO criteria attainment for shortnose and the New York Bight
DPS of Atlantic sturgeon are addressed in this opinion and considered in the ITS. The gains
illustrated on the right panels of Figure 7 will not be instantaneous. Early life stage and juveniles
of both the shortnose and New York Bight DPS of Atlantic sturgeon populations in the Delaware
River will be exposed to baseline DO conditions. Effects to growth and survival are indicated by
the left panels of Figure 7 until criteria implementation reduces oxygen-demanding pollutant
load. Given the significance of the discharges from the three facilities with 12-years-expired
permits, effects resulting from conditions described in the left panels of Figure 7 and discussed in
Section 3.5.1 will persist until these discharges are brought into compliance with permit limits
that reflect the pollutant load limits necessary to restore the Specified Zones of the Delaware
River. Thus, the lag in achievement of EPA's criteria is likely to adversely affect ESA-listed
shortnose and the New York Bight DPS of Atlantic sturgeon and result in take through mortality
and harm. This take cannot be addressed in the ITS of this opinion because EPA does not
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implement the criteria and implementation is subject to delays, as explained in Sections 1.1.1 and
3.5.3 of this opinion.

7.5 Summary of Effects

Once implemented and complied with, EPA's Action will expose each year's entire Delaware
River-spawned cohorts of shortnose sturgeon and New York Bight DPS of Atlantic sturgeon to
fewer periods of stressful DO than would occur in the absence of protective criteria. However,
some seasons will still have periods of low DO within criteria limits that result in a net loss of
biomass. For this reason, individual YOY shortnose sturgeon and New York Bight DPS of
Atlantic sturgeon are likely to be taken through mortality or impairment in growth.

The age structure and sex ratios of shortnose sturgeon and Atlantic sturgeon populations in the
Delaware River are unknown. Fecundity for both species is correlated with fish age and size, so
brood size estimates are accompanied by broad confidence intervals that make estimates of the
number of larvae and juveniles likely exposed and affected untenable. Shortnose sturgeon remain
closely associated with their natal rivers, so all life stages would be expected to be exposed to the
effects of EPA's Action for most of their lives. Because adult and subadult Atlantic sturgeon
migrate widely among rivers and coastal waters, we expect them to avoid unfavorable conditions
when they are encountered. Once EPA's DO criteria are attained, adult and subadult Atlantic
sturgeon may increasingly forage in the Specified Zones as a result of the improved conditions.

8 CUMULATIVE EFFECTS

“Cumulative effects are defined in regulations as “those effects of future state or private
activities, not involving Federal activities, that are reasonably certain to occur within the action
area of the Federal action subject to consultation” (50 CFR §402.02). Future Federal actions that
are unrelated to the proposed action are not considered in this section because they require
separate consultation pursuant to section 7(a)(2) of the ESA.

We assessed the action area of this consultation for any non-Federal activities that are reasonably
certain to occur. The past and present impact of ongoing actions was described in the
Environmental Baseline (Section 6).

The future intensity of specific non-Federal activities in the action area is influenced by the
difficult-to-predict future economy, funding levels for restoration activities, and individual
investment decisions. In addition, the need for communities to adapt to climate change and
recover from severe climatic events will influence how wetlands, inland surface waters, and
coastal areas are managed. Due to their additive and long-lasting nature, the adverse effects of
non-Federal activities that are stimulated by general resource demands and driven by changes in
human population density and standards of living, are likely to compound in the future. Specific
human activities that may contribute to declines in the abundance, range, and habitats of ESA-
listed species in the action area include the following: urban and suburban development,
shipping, infrastructure development, water withdrawals and diversion, recreation (including off-
road vehicles and boating), and expansion of agricultural and grazing activities (including
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alteration or clearing of native habitats for domestic animals or crops), and introduction of non-
native species that can alter native habitats, outcompete, or prey upon native species.

Activities that degrade water quality will continue into the future. These include conversion of
natural lands, land use changes from low impact to high impact activities, increases in
impervious cover, water withdrawals, effluent discharges, the progression of climate change, the
introduction of nonnative invasive species, and the introduction of contaminants and pesticides.
In particular, many nonpoint sources of pollution, which are not subject to Clean Water Act
NPDES permit and regulatory requirements, have proven difficult for states to monitor and
regulate. Nonpoint source pollution has been linked to loss of aquatic species’ diversity and
abundance, fish kills, seagrass bed declines, and toxic algal blooms (Gittings et al. 2013).
Nonpoint sources of pollution are expected to increase as the human population continues to
grow. Given the challenges of monitoring and controlling nonpoint source pollution and
accounting for all the potential stressors and effects on listed species, chronic stormwater
discharges will continue to result in aggregate impacts.

8.1 Climate Change

Climate change is discussed in both the environmental baseline section of this opinion and in the
cumulative effects because it is a current and ongoing circumstance that, for the most part, is not
subject to consultation, yet influences environmental quality in the action area currently and in
the future. As climate change proceeds, DO conditions may worsen because temperatures are
expected to increase in the mid-Atlantic and the salt front may extend further upstream,
compressing habitat for juvenile life stage sturgeon. The foremost impacts of sea level rise on the
mid-Atlantic coast include more frequent and severe coastal flood events, increased shore
erosion, resulting in unmanaged pollutant discharges and redistribution of legacy pollutants in
sediments, inundation of wetlands and low-lying lands, and saltwater intrusion into groundwater
(Runkle et al. 2022b; Runkle et al. 2022d). The rise on the mid-Atlantic coast has been greater
due to land subsidence (Runkle et al. 2022a; Runkle et al. 2022b; Runkle et al. 2022c¢).

9 INTEGRATION AND SYNTHESIS

This opinion includes a jeopardy analysis for the ESA-listed endangered species that are likely to
be adversely affected by EPA's Action. Section 7(a)(2) of the Act and its implementing
regulations require every Federal agency, in consultation with and with the assistance of the
Secretary (16 U.S.C. §1532(15)), to insure that any action it authorizes, funds, or carries out, in
whole or in part, in the United States or upon the high seas, is not likely to jeopardize the
continued existence of any listed species. The jeopardy analysis, therefore, relies upon the
regulatory definition of jeopardize the continued existence of a listed species.

Jeopardize the continued existence of means “to engage in an action that reasonably would be
expected, directly or indirectly, to reduce appreciably the likelihood of both the survival and
recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution of
that species” (50 CFR §402.02). Recovery, used in that definition, means “improvement in the
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status of listed species to the point at which listing is no longer appropriate under the criteria set
out in section 4(a)(1) of the Act” (50 CFR §402.02).

The Integration and Synthesis is the final step in our jeopardy analysis. In this section, we add
the effects of the action (Section 7) to the environmental baseline (Section 6) and the cumulative
effects (Section 8), taking into account the status of the species and recovery planning (Section
5.2), to formulate the agency’s biological opinion as to whether the EPA can insure its proposed
action is not likely to reduce appreciably the likelihood of both the survival and recovery of a
listed species in the wild by reducing its numbers, reproduction, or distribution.

9.1 Jeopardy Analysis

The following sections summarize the relevant information in this opinion for each individual
species considered.

9.1.1 Shortnose Sturgeon

Whether the potential effects to recruitment, as suggested by the effects of water quality
conditions within the DO criteria, would appreciably reduce the likelihood of survival of
shortnose sturgeon in the wild depends on the probable effect the changes in reproductive output
would have relative to current population sizes and trends. The most recent population estimates
available for the species indicate that the largest shortnose sturgeon adult populations are found
in the northeastern rivers.

Shortnose sturgeon occur throughout the Delaware River Estuary and occasionally enter
nearshore waters off Delaware Bay. In spring, spawning adults occur in the non-tidal river and
are common at least as far upstream as Scudders Falls. Acoustic tagging studies have indicated
that the lower portion of the river, below Wilmington, is used for over wintering. Shortnose
sturgeon that are found within the Chesapeake Bay may be migrants from the Delaware River.

The 1998 recovery plan identifies 19 population segments within the species’ range with a goal
of each segment maintaining a minimum population size to maintain genetic diversity and avoid
extinction (NMFS 1998). Even though shortnose sturgeon were listed under the ESA over 50
years ago, population dynamics and distribution data are lacking for many population segments.
The long-term recovery objective for the shortnose sturgeon is to recover all discrete population
segments to levels of abundance at which they no longer require protection under the ESA. Each
population segment may become a candidate for downlisting when it reaches a minimum
population size that: 1) is large enough to prevent extinction, and 2) will make the loss of genetic
diversity unlikely. This minimum population size for each population segment has not yet been
determined. Therefore, establishing endangered and threatened population size thresholds is a
priority 1 recovery task. The recovery tasks for the Delaware River shortnose sturgeon
population segment that are relevant to the impacts of EPA's Action include the collection of
continuous DO data. This is classified as a Priority 2 task, which are actions "that must be taken
to prevent a significant decline in population numbers, habitat quality, or other significant
negative impacts short of extinction" (NMFS 1998).
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Based on the evidence available, including the Environmental Baseline, Effects of the Action,
and Cumulative Effects, effects resulting from EPA promulgation of protective DO criteria
would not be expected to appreciably reduce the likelihood of the survival of shortnose sturgeon
in the wild by reducing the reproduction, numbers, or distribution of these populations. We also
conclude that effects from EPA’s promulgation of DO criteria would not be expected, directly or
indirectly, to appreciably reduce the likelihood of recovery of shortnose sturgeon in the wild by
reducing the reproduction, numbers, or distribution of these populations.

9.1.2 New York Bight DPS of Atlantic Sturgeon

Whether the potential effects to reproductive output recruitment, as suggested by the effects of
water quality conditions within the DO criteria, would appreciably reduce the likelihood of
survival of the New York Bight DPSs of Atlantic sturgeon in the wild depends on the probable
effect the changes in reproductive output would have relative to current population sizes and
trends.

In the absence of precise quantitative population estimates of Atlantic sturgeon DPSs, the
Atlantic States Marine Fisheries Commission considers qualitative criteria such as the
appearance of Atlantic sturgeon in rivers where they were not documented in recent years,
discovery of spawning adults in rivers they had not been documented in before, and increases in
anecdotal interactions. Kahn et al. (2019) proposed the following ranking of qualitative evidence
of Atlantic sturgeon spawning;:

Confirmed spawning:

1. Recently spawned-out female still releasing nonviable eggs in freshwater in the
presence of milting males;

2. spawning female (actively releasing viable eggs in freshwater in the presence of
milting males);

3. presence of eggs to 180 d post-hatch fish.

Near certain spawning;

1. Juveniles under 400 millimeters FL in freshwater or low-salinity areas;
2. gravid female in upstream freshwater (at least 15 km upstream of the freshwater/
saltwater interface).

Possible Spawning;
1. Milting male in upstream freshwater.
Uncertain spawning;

1. Capture of adult in any condition in lower freshwater (near salinity interface);
2. Telemetry detection of adult female in unknown reproductive stage in freshwater.

Uninformative Evidence;
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1. Telemetry detection of adult male in unknown sexual condition in upstream or
lower freshwater.

Qualitative metrics can be the result of increased research and attention, not a true increase in
abundance (ASMFC 2017). The New York Bight DPS of Atlantic sturgeon is considered
depleted and highly vulnerable to climate change due to their low likelihood to change
distribution in response to current global climate change. They will also be exposed to effects of
climate change on estuarine habitat such as changes in the occurrence and abundance of prey
species in currently identified key foraging areas (ASSRT 2022a; ASSRT 2022b).

Atlantic sturgeon are considered in danger of extinction in the Mid-Atlantic. The New York
Bight DPS’s risk of extinction is “High” because of its low productivity (e.g., relatively few
adults compared to historical levels and irregular spawning success), low abundance (e.g., only
three known spawning populations and low DPS abundance, overall), and limited spatial
distribution (e.g., limited spawning habitat within each of the few known rivers that support
spawning). Recent information indicates genetic bottlenecks, as well as low levels of inbreeding
within the Hudson and Delaware river spawning populations.

The portion of the Delaware River and Bay that is available to Atlantic sturgeon extends from
the Delaware Bay to the fall line at Trenton, a distance of 140 rkm. There are no dams within this
reach of the river. Thus, the entirety of the river is accessible, however, habitat suitability is
unknown due to river augmentation and water quality issues. Historical spawning records
indicate that Atlantic sturgeon spawned in two areas of the Delaware River, both sites outside of
the action area.

9.2 Conclusion

After reviewing and analyzing the current status of the listed species and critical habitat, the
environmental baseline within the action area, the consequences of the proposed action and
associated activities, and the cumulative effects, it is NMFS’ biological opinion that EPA's
Action is not likely to jeopardize the continued existence of shortnose sturgeon or the New York
Bight DPS of Atlantic sturgeon.

10 INCIDENTAL TAKE STATEMENT

Section 9 of the ESA and Federal regulations pursuant to section 4(d) of the ESA prohibit the
take of endangered and threatened species, respectively, without a special exemption. “Take” is
defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or to attempt
to engage in any such conduct. “Harm” is further defined by regulation to include significant
habitat modification or degradation that actually kills or injures fish or wildlife by significantly
impairing essential behavioral patterns, including breeding, spawning, rearing, migrating,
feeding, or sheltering (50 CFR §222.102). “Incidental take” is defined by regulation as takings
that result from, but are not the purpose of, carrying out an otherwise lawful activity conducted
by the Federal agency or applicant (50 CFR §402.02). Section 7(b)(4) and section 7(0)(2) of the
ESA, as well as in regulation at 50 CFR §402.14(1)(5) provide that taking that is incidental to an
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otherwise lawful agency action is not considered to be prohibited taking under the ESA if that
action is performed in compliance with the terms and conditions of this ITS.

Exposures of shortnose sturgeon and New York Bight DPS of Atlantic sturgeon within DO
criteria limits in the Specified Zones of Delaware River is reasonably certain to result in
incidental take due to the reductions in survival and growth during the Juvenile Growth Season,
and indicated by effects on net biomass surviving to the Overwintering Season (Figure 7).

10.1 Amount and Extent of Take

Section 7 regulations require NMFS to specify the impact of any incidental take of endangered
or threatened species; that is, the amount or extent, of such incidental taking on the species (50
CFR §402.14(1)(1)(1)). The amount of take represents the number of individuals that are expected
to be taken by the proposed action. The extent of take represents the “extent of land or marine
area that may be affected by an action” and may be used if we cannot assign numerical limits for
animals that could be incidentally taken during the course of an action (51 FR 19953).

Where it is not practical to quantify the number of individuals that are expected to be taken by
the action, a surrogate (e.g., similarly affected species or habitat or ecological conditions) may be
used to express the amount or extent of anticipated take (50 CFR §402.14(i)(1)(i)). To use a
surrogate, we must describe the causal link between the surrogate and take of the listed species,
explain why it is not practical to express the amount or extent of anticipated take or to monitor
take-related impacts in terms of individuals of the listed species, and set a clear standard for
determining when the level of anticipated take has been exceeded.

Incidental take of individuals due to exposures within DO criteria limits cannot be accurately
quantified or monitored as a number of individuals because, given the previously discussed
broad confidence intervals and data gaps for species population size, sex ratios, and life stage
structure, data do not exist that would allow us to quantify how many individuals of each species
and life stage exist in affected waters, considering that the numbers of individuals vary with
environmental conditions, cohort-year and changes in population size due to recruitment and
mortality. In addition, currently, we have no means to detect or determine mortality,
development, and growth due to the water quality within criteria limits versus other natural and
anthropogenic environmental stressors.

Further, NMFS cannot precisely predict the number of shortnose sturgeon and New York Bight
DPS Atlantic sturgeon that are reasonably certain to demonstrate behavioral avoidance, and
effects of apparent absence of refugia for habitats available to juvenile fish, due to periods of low
DO that may occur within criteria limits. Also, there is no feasible way to count, observe, or
determine the number of individuals of each species because the effects of the action may occur
in areas where animals are not likely to be observed due to water depth. Even if affected animals
are observed, it is unlikely that the exact cause of injury, mortality, or behavioral effects could be
determined.
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Because we cannot quantify the amount of take in terms of individuals, we will use the estimated
impact of restored DO conditions on juvenile biomass surviving to the end of the Juvenile
Development Season as a surrogate for the amount of exempted take, consistent with the
following consequences for ESA-listed Atlantic sturgeon (as indicated in Figure 7 of EPA's BE
and Figure 7 of this opinion):

At Penn's Landing:

1. net biomass loss in no more than 8 in 20 seasons;

2. consecutive negative biomass seasons not to exceed one pair of seasons over 20
seasons;

3. greater than 90% net biomass loss in no more than one in 20 seasons; and

At Chester: net biomass loss in no more than one in 20 seasons and not greater than 40% net
biomass loss.

For the reasons discussed above, the specified amount or extent of incidental take of ESA-listed
shortnose and New York Bight DPS of Atlantic sturgeon species requires that EPA's intended
level of protection is met.

10.1.1 Reasonable and Prudent Measures

Reasonable and prudent measures” are measures that are necessary or appropriate to minimize
the impact of the incidental take on the species (50 C.F.R. §402.02). These measures “cannot
alter the basic design, location, scope, duration, or timing of the action and may involve only
minor changes” (50 CFR §402.14(1)(2)). NMFS believes the RPMs described below, which were
refined in cooperation with EPA, are necessary and appropriate to minimize the impacts of
incidental take on endangered species resulting from exposure to DO within criteria limits:

1. EPA will work within its authorities to ensure that its promulgated DO criteria are
implemented in a timely manner to minimize the aggregate adverse effects to ESA-listed
shortnose sturgeon and the New York Bight DPS of Atlantic sturgeon and critical habitat
designated for the New York Bight DPS of Atlantic sturgeon specifically within the
Delaware River.

2. EPA shall work within its authorities to oversee the implementation of the DO criteria,
coordinating with the Services and encouraging other entities to coordinate with the
Services, as appropriate.

Terms and Conditions

In order to be exempt from the prohibitions of section 9 of the ESA, the EPA must comply with
the following terms and conditions.

To meet RPM 1:

EPA shall notify relevant regulatory agencies and the regulated community that existing DO
conditions in the Delaware River violate the ESA by "taking" endangered shortnose sturgeon and
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New York Bight DPS of Atlantic sturgeon through increased mortality and reductions in growth
of juvenile fish. EPA will conduct that notification by including the following information, or a
summary, explaining that existing sources are creating conditions that have legal implications
under the ESA, and referencing the relevant sections of the ESA and its implementing
regulations, identified below, in the preamble of its final rule or via other communications (e.g.,
fact sheet, implementation strategy) as appropriate.

1) Take of endangered species is prohibited under section 9 of the ESA.
a) Take is defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or

collect or attempt to engage in any such conduct (16 U.S.C. § 1532(19)).

1) NMFS defines “harass” as to create the likelihood of injury to wildlife by
annoying to such an extent as to significantly disrupt normal behavior patterns
which include, but are not limited to, breeding, feeding, or sheltering (NMFES
Policy Directive 02-110-19).

i1) Harm means an act which actually kills or injures wildlife. Such an act may
include significant habitat modification or degradation where it actually kills or
injures wildlife by significantly impairing essential behavior patterns, including
breeding, feeding, or sheltering. 50 C.F.R. § 222.102.

ii1) The take prohibition applies to any acts by any person, including businesses and
governmental entities.

iv) Section 11 of the ESA authorizes criminal and civil penalties for violations of this
take prohibition.

v) Entities contributing to such take may wish to obtain an incidental take permit
under section 10 of the ESA to address take that occurs as a result of any action
that does not comply with EPA's promulgated criteria.

2) In the preamble of the Rule or other communications (e.g., fact sheet, implementation
strategy), as appropriate, EPA shall remind regulatory agencies, the regulated
community, and the interested public of EPA’s authorities under the Clean Water Act that
are potentially relevant to this action, including:

a) Approval or disapproval of state Total Maximum Daily Loads (TMDLs), or EPA

establishment of federal TMDLs, to restore impaired waters under §303(d);

b) Objection, under §402(b)(5), of state pollutant discharge permits that are not
protective and/or are inconsistent with the CWA;

c) EPA issuance of a pollutant discharge permit under §402(d)(4) if EPA’s objections
are not adequately addressed; and

d) Withdrawal, under §402(c), of a state pollutant discharge permitting program.

To meet RPM 2:

1) EPA will, when reviewing permits under CWA section 402(d) and 40 C.F.R. § 123.44,
evaluate draft NPDES permits prepared for discharges into the Specified Zones of the
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Delaware River to ensure that they include the limitations necessary to meet water quality

standards.

a) Specifically, EPA shall remind state regulatory agencies of their obligation pursuant
to 40 C.F.R. §§ 124.10(c)(1)(iii)-(iv) and (e) to provide notice and copies of draft
permits and related documents to NMFS.

1) This ensures NMFS will be given an opportunity to review draft state-issued
permits and related documents to ensure that permitted discharges avoid or
minimize take.

b) If EPA becomes aware of new information that indicates revisions to the DO criteria
may be necessary, EPA will work with the appropriate regulatory authorities to
evaluate potential actions consistent with the CWA and the EPA's implementing
regulations.

EPA will monitor the surrogate for incidental take over the juvenile development season to be
sure the amount and extent of incidental take is not exceeded. EPA will report the results
annually to the NMFS Office of Protected Resources ESA Interagency Cooperation Division
at nmfs.hg.esa.consultations(@noaa.gov (subject line: "OPR-2022-03643, EPA Region 3
Delaware River DO").

11 CONSERVATION RECOMMENDATIONS

Conservation recommendations are discretionary agency activities to minimize or avoid adverse
effects of a proposed action on ESA-listed species or critical habitat, to help implement recovery
plans or develop information (50 C.F.R. § 402.02).

Actions or measures that could also minimize or avoid adverse effects of EPA's promulgated DO
criteria for Specified Zones of the Delaware River on ESA-listed species and their habitats
include:

1. Provide notice of EPA’s obligations under the ESA in its communications, as
appropriate, including, but not limited to, NPDES permit development and
decisions, permit application materials, training, and/or informational websites.

2. Consistent with the 2001 Memorandum of Agreement between the EPA, FWS,
and NMFS regarding enhanced coordination under the CWA and ESA, revise the
NPDES Memoranda of Agreement with the States of Delaware and New Jersey
and the Commonwealth of Pennsylvania, to include measures that support
meeting ESA obligations.

3. Coordinate with nationally recognized sturgeon experts from government and
academic institutions to close gaps in our understanding of the effects of DO
conditions in the Delaware River on the biology, ecology, and recovery of
shortnose and Atlantic sturgeon.

4. Coordinate with state and Federal agencies that carry out water quality monitoring
in waters where Atlantic and shortnose sturgeon occur or historically occurred to
identify when and where DO conditions are limiting survival and growth.
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5. If/When new data and information allow for more accurate projections of the
impacts of climate change on water quality in the Delaware River Basin, identify
climate-related thresholds for reconsidering the DO criteria and their anticipated
effects on shortnose and Atlantic sturgeon.

6. Identify and implement, or support the identification and implementation of in-
river reaeration technologies to promote attainment of EPA's promulgated criteria.

7. Stressors do not exist alone in effluents or natural waters. EPA could collaborate
with NMFS on the development of a baseline water quality condition tool for all
stressors in waters where Atlantic and shortnose sturgeon occur. EPA could then
periodically review water quality conditions potentially affecting Atlantic and
shortnose sturgeon and identify both positive and negative changes in water
quality, gaps in information regarding water quality, and approaches to resolving
those gaps.

In order for the NMFS Office of Protected Resources ESA Interagency Cooperation Division to
be kept informed of actions minimizing or avoiding adverse effects on, or benefiting, ESA-listed
species or their critical habitat, EPA should notify the ESA Interagency Cooperation Division of
any conservation recommendations they implement in their final action at
nmfs.hq.esa.consultations@noaa.gov.

12 REINITIATION OF CONSULTATION

This concludes formal consultation on EPA's promulgation of DO criteria for Specified Zones of
the Delaware River. Consistent with 50 CFR §402.16(a), reinitiation of consultation is required
and shall be requested by the Federal agency, where discretionary Federal agency involvement or
control over the action has been retained or is authorized by law and:

(1) The amount or extent of incidental taking specified in the ITS is exceeded.

(2) New information reveals effects of the agency action that may affect listed species or
critical habitat in a manner or to an extent not previously considered.

(3) The identified action is subsequently modified in a manner that causes an effect to the
listed species or critical habitat that was not considered in the opinion

(4) anew species is listed or critical habitat designated that may be affected by the action.
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