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Introduction
Section 7(a)(2) of the Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. § 1531 et
seq.), requires each federal agency to insure that any action that it authorizes, funds, or carries
out is not likely to jeopardize the continued existence of any endangered or threatened species or
result in the destruction or adverse modification of any critical habitat of such species. To fulfill
this obligation, Section 7(a)(2) requires federal agencies to consult with the appropriate Secretary
on any action they propose that “may affect” listed species or designated critical habitat. The
National Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS)
share responsibilities for administering the ESA.
Consultations on most listed marine species and their designated critical habitat are conducted
between the action agency and NMFS. The consultation is concluded after NMFS concurs with
an action agency that its action is not likely to adversely affect listed species or critical habitat or
issues a Biological Opinion (“Opinion”) that identifies whether a proposed action is likely to
jeopardize the continued existence of a listed species, or destroy or adversely modify its critical
habitat. If jeopardy or destruction or adverse modification is found to be likely, the Opinion
identifies reasonable and prudent alternatives (RPAs) to the action as proposed, if any, that can
avoid jeopardizing listed species or resulting in the destruction/adverse modification of critical
habitat. The Opinion states the amount or extent of incidental take of the listed species that may
occur, specifies reasonable and prudent measures (RPMs) that are required to minimize the
impacts of incidental take and monitoring to validate the expected effects of the action, and
recommends conservation measures to further conserve the species.
This document represents NMFS’ biological opinion based on our review of impacts associated
with the proposed re-licensing by the Federal Energy Regulatory Commission (FERC) of the
South Carolina Public Service Authority (SCPSA) Hydroelectric Project, located in South
Carolina. This opinion analyzes project effects on the endangered shortnose sturgeon (Acipenser
brevirostrum) and the endangered Carolina distinct population segment (DPS) of Atlantic
sturgeon (A. oxyrinchus oxyrinchus) in accordance with section 7 of the ESA.
This Opinion has been prepared in accordance with Section 7 of the ESA and regulations
promulgated to implement that section of the ESA. It is based on information provided by
FERC, SCPSA, South Carolina Department of Natural Resources (SCDNR), and other sources
of information, including the published literature cited herein. During this consultation, we
conducted electronic searches of the general scientific literature. We also contacted subject
matter experts for information. These searches specifically tried to identify data or other
information that supports a particular conclusion (for example, a study that suggests a species
will respond to a stimulus in a certain way) as well as data that does not support our conclusion.
When data are equivocal, or in the face of substantial uncertainty, our decisions are designed to
avoid the risks of inaccurately concluding that an action is not likely to have an adverse effect on
listed species.
Updates to the regulations governing interagency consultation (50 CFR part 402) were effective
on October 28, 2019 [84 FR 44976]. This consultation was pending at that time, and we are
applying the updated regulations to the consultation. As the preamble to the final rule adopting
the regulations noted, “[t]his final rule does not lower or raise the bar on section 7 consultations,
6

and it does not alter what is required or analyzed during a consultation. Instead, it improves
clarity and consistency, streamlines consultations, and codifies existing practice.” We have
reviewed the information and analyses relied upon to complete this biological opinion in light of
the updated regulations and conclude the opinion is fully consistent with the updated regulations.
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1.0

Consultation History

Prior to FERC requesting ESA section 7 consultation from NMFS in 2007, natural resource
agencies and the SCPSA met repeatedly pursuant to the FERC re-licensing process specified in
18 CFR 16.8. Correspondence listed below is limited to accounts including ESA issues (e.g.,
action area and sturgeon).
December 4, 2000: NMFS filed pre-consultation comments with FERC regarding the relicensing of the SCPSA Hydroelectric Project (Project). Among other items, NMFS specified St.
Stephen as a project facility, identified management goals including safe and effective passage
for diadromous fishes to and from requisite spawning and maturation habitats, and provided
eleven study elements with justification as to how the results would later assist in assessing
Project impacts and making recommendations for Project modifications under the ESA and the
Federal Power Act (FPA).
June 16, 2005: NMFS replied to the April 20, 2005, Public Notice that initiated the National
Environmental Policy Act (NEPA) planning and coordination process for the Project undergoing
FERC relicensing. In that letter, NMFS identified that the endangered shortnose sturgeon was
present in the project area, outlined formal consultation requirements under the ESA, and defined
the action area to include nine locations: Santee River, Cooper River, St. Stephen Facility,
Diversion Canal, Pinopolis Dam/Jefferies Power Station, Wilson Dam/Santee Power Station,
Lake Moultrie, Lake Marion, and Santee Spillway. NMFS cautioned that any package submitted
in support of a consultation request that did not address impacts in the entire action area would
be considered to have insufficient information.
April 24, 2007: NMFS replied to a FERC request to review the draft Environmental Impact
Statement (DEIS) for the Project wherein NMFS: 1) noted that the DEIS did not include impacts
of the St. Stephen Hydroelectric Station; and 2) concluded that the biological assessment within
the DEIS was incomplete and did not contain sufficient information to initiate ESA consultation.
NMFS also identified a plan to conduct additional analysis of data from the Santee River in order
to provide an instream habitat spatial analysis to assess impacts of the Project on target fish
communities and habitats. NMFS encouraged FERC to await the results and recommendations
from the independent study and incorporate the results into the final Environmental Impact
Statement (FEIS).
November 6, 2007: NMFS received FERC’s FEIS and request for formal ESA consultation.
(This project was originally assigned a tracking number (SER-2007-7313) in our now obsolete
tracking system PCTS. The project has now been logged into our new NMFS Environmental
Consultation Organizer (ECO).)
July 2008: FERC requested status update on progress of opinion. NMFS asked for FERC to
determine priority of other projects awaiting ESA Section 7 consultation from NMFS SERO.
FERC designated Santee Cooper as priority followed by Yadkin-Pee Dee and then Augusta
Canal.
September 5, 2008: NMFS requested the term for which FERC intends to issue the license for
the Project. FERC replied that the license term is typically not a part of their NEPA document.
8

Rather FERC makes that decision when they prepare the license order. FERC clarified that the
FPA authorizes FERC license terms for between 30 to 50 years.
September 16, 2008: NMFS requested clarification on potential license measures listed in Table
19 of the FEIS. In reply, FERC recommended NMFS reference section 5.1.2 of the FEIS. While
FERC agreed that the flow out of the St. Stephen facility has a direct effect on management of
water levels in the project reservoirs, they reiterated St. Stephen is not a facility under FERC
jurisdiction. FERC also stated: 1) while no schedule is included for fish passage, a schedule
would be developed as part of the fish passage implementation plan; 2) reminded NMFS of
proposed post-construction monitoring, shortnose sturgeon implementation plan, and low
flow/emergency contingency plan.
September 18-23, 2008: NMFS resubmited to FERC Project measures and requests verification.
FERC agrees with NMFS summary. In reply to NMFS statement that schedules are not included
in the FEIS to implement various measures, FERC reiterated the license will require plans and
measures to be developed within a specified timeframe.
October 9-10, 2008: To ensure proper information upon which to analyze effects of the action,
NMFS requested FERC verify the proposed action. FERC replied that the descriptions provided
are accurate and asked for an update on the schedule for issuing the opinion.
December 3, 2008: FERC requested an update on the status of the opinion.
February 5, 2009: FERC inquired regarding status of consultation for 3 re-licensing projects
(Santee Cooper, Yadkin-Pee Dee, and Augusta) and requested draft consultation documents.
NMFS replied that Santee Cooper opinion is undergoing review and editing, and a draft opinion
would be available after the third level of review. FERC requested that NMFS change priority
between the Augusta and Yadkin-Pee Dee projects.
February 8, 2010: FERC requested update on the status of 5 projects undergoing section 7
review. NMFS replied with a summary.
February 18-19, 2010: FERC requested clarification on the NMFS review process and delivery
date of the 3 consultations. NMFS provided reasons they cannot provide a specified timeline and
explained the in-house review process.
July 13, 2010: NMFS submitted to FERC a draft Biological Opinion concluding that the
proposed action was likely to jeopardize the continued existence of shortnose sturgeon. NMFS
concluded that the likelihood of survival of the Santee-Cooper population of shortnose sturgeon
in the wild is likely to be appreciably reduced by project impacts that enforce a small population
size, asymmetric age class distribution, source and sink population dynamics, reduced genetic
heterogeneity, reduced reproductive output, and inaccessibility to and artificial modification of
appropriate habitat. NMFS further concluded that the anticipated take of the entire SanteeCooper population of shortnose sturgeon by lack of fish passage coupled with the insufficient
habitat resulting from regulated water regimes that will preclude achievement of Recovery Plan
goals and actions is reasonably expected to appreciably reduce the likelihood of the recovery of
the Santee-Cooper population of shortnose sturgeon in the wild. NMFS determined that the
impacts to the Santee-Cooper population would jeopardize the continued existence of the
shortnose sturgeon range wide given the importance of the Santee-Cooper population to the
9

southern metapopulation of the species and to the species as a whole. NMFS provided a draft
Reasonable and Prudent Alternative to avoid jeopardizing the shortnose sturgeon comprised of
the following requirements: 1) implement safe and effective upstream and downstream fish
passage at both Pinopolis and Santee (Wilson) Dams; 2) reduce mortality and entrainment of
shortnose sturgeon in the Pinopolis navigation lock and project turbines; and 3) provide adequate
flows to provide adequate aquatic habitat and migratory pathways between spawning and
foraging habitats. NMFS requested FERC provide a decision on how to proceed with the action
per regulation (50 CFR 402.14(g)(5)).
August 3, 2010: FERC requested a 30-day extension to provide comments on the draft
Biological Opinion.
August 6, 2010: NMFS via e-mail agreed to the 30-day extension and verified FERC would be
providing comments no later than September 30, 2010.
On September 29, 2010, FERC submitted a letter to NMFS summarizing their comments on the
draft Biological Opinion. Attached to FERC’s letter were comments provided by SCPSA,
SCDNR and the Corps of Engineers (COE) on the draft Biological Opinion.
Between September 2010 and May 2011, there was extensive correspondence between FERC,
SCPSA and NMFS regarding the draft opinion and the comments on that draft opinion. These
can be found in the FERC Docket for this project (Docket #FERC P-199-000).
Meetings were held between FERC, SCPSA, USFWS, SCDNR, COE and NMFS to discuss the
draft opinion, the comments to the draft opinion and ways forward on May 26, 2011, and
October 8, 2011.
On January 11 and 12, 2012, a workshop was held with SCPSA where interested parties
(including NMFS) toured the Wilson Dam, the St. Stephen Power Station and fish lift, and the
Pinopolis Dam and locking facility.
August 2012, SCPSA contacted NMFS (Bob Hoffman) about working out a solution to sturgeon
effects caused by the project. SCPSA assigned a point of contact for this action (Tom Kierspe,
Vice President of Operations).
On September 19, 2013, a meeting was held in the NMFS office in St. Petersburg, FL. At that
meeting it was discussed that the COE’s actions at the St. Stephen Power Station were best
included with the FERC action in one biological opinion, however COE declined, and a decision
was made that the new opinion would only include discussion of the Wilson and Pinopolis Dams
and that the St. Stephen Power Station would be considered in a separate opinion with the COE.
Also at this meeting, NMFS described its latest conceptual alternative to the RPA included in the
draft opinion, described as the “Santee Gateway” option. All meeting participants agreed that
the parties should further investigate the Santee Gateway option for sturgeon.
On December 11, 2013, NMFS staff and SCPSA staff met to work out a more detailed version of
the Santee Gateway option.
On April 29, 2014, NMFS staff and SCPSA staff held a conference call to discuss the latter’s
comments on the Santee Gateway option.
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On November 3, 2014, NMFS staff and SCPSA staff met in St. Petersburg, FL, to discuss
additional details of the Santee Gateway Plan in light of information on Atlantic sturgeon fall
migrations in other rivers and additional information on tracked sturgeon in the Santee River.
Due to NMFS staff shortages work on this project was unable to continue, and we were also
waiting to receive new data from SCDNR from work funded through ESA section 6 grants.
On April 25, 2017, NMFS staff, SCDNR staff and SCPSA staff held a meeting to discuss
measures SCPSA will take to implement the Santee Gateway option as part of the FERC
relicensing project and modifications NMFS will make to its Federal Power Act § 18 Fishway
Prescription to help implement the Santee Gateway option.
On July 6, 2017, representatives of the SCDNR, NMFS, and Normandeau Associates
(representing Santee Cooper) met to discuss available information and information needed to
assist NMFS in the development of the Biological Opinion, particularly in reference to the
movement of shortnose and Atlantic sturgeon under the Santee Gateway option. The parties
developed an Outcomes Document that outlines measures SCPSA will implement under
relicensing authorities to mitigate some of the effects of the presence and operation of the dams
on sturgeon in an effort to improve the population health and support recovery. The details are
provided in Appendix A.
Due to staffing shortages SERO was unable to continue work on the Biological Opinion until
February 2018, when the consultation process was resumed.
On September 6, 2018, NMFS sent the most current version of the description of the proposed
action/action area to FERC for review, and on September 17, 2018, they responded that it was
consistent with their understanding of the proposed action/action area on which they are
consulting. Subsequent to their response, NMFS had discussions with FERC regarding the need
for adaptive management flows, e.g., up to 5,000 cfs.
On July 9, 2019, NMFS sent FERC a copy of the second draft biological opinion. FERC
submitted comments to NMFS on November 6, 2019.
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2.0

Description of the Proposed Action and Action Area

2.1 Proposed Action
The proposed action is the issuance of a new license by FERC to the SCPSA to operate the
Santee Cooper Hydroelectric Project (FERC Project No. 199), which includes staff
recommendations in the FEIS along with conditions that are mandatory elements of licenses.
FERC has clarified that any new license issued would include both the NMFS’ and USFWS’
Prescriptions as required by Section 18 of the Federal Power Act (FPA). NMFS has modified its
prescription to include the Santee Gateway Sturgeon Option (January 2020) (hereinafter referred
to as NMFS Fishway Prescription). FERC will attach these Fishway Prescriptions to a new
license verbatim and expects the new license will include an article directing SCPSA to produce
a passage/research/relocation implementation plan that will fully implement both prescriptions.
The following sections discuss those aspects of the proposed action that are relevant to shortnose
and Atlantic sturgeon and their habitats.
2.1.1 Project History
2.1.1.1 Original Construction
The Santee Cooper Project was constructed from 1938 to 1942 by the SCPSA; it diverted flow
from the Santee River to the Cooper River. The project was designed to provide commercial
navigation from Charleston, SC to Columbia, SC, to electrify rural South Carolina, and for flood
control that also helped to eradicate malaria in the counties surrounding it. The original project
construction included two dams: Pinopolis Dam 1 at the upper end of the Cooper River (after
construction of the Tailrace Canal, it is at mile 48), and the Santee Dam 2 at mile 87 on the Santee
River. These dams were constructed in the coastal plain (Fig. 2.1).
These dams created two reservoirs: Santee Dam on the Santee River created Lake Marion, and
the Pinopolis Dam created Lake Moultrie (Fig. 2.1). Both dams (Santee and Pinopolis) contain
powerhouses (Santee Spillway Hydroelectric Station and Jefferies Hydroelectric Station,
respectively) that generate power. When the Project was completed in 1942, it blocked access
by fishes into all but the lower 87 miles of the Santee River (USFWS et al. 2001). The
navigation lock at the Pinopolis Dam located at mile 48 on the Cooper River can provide some
upstream access to some fishes (e.g., pelagic species), however is not effective for sturgeon
species. Lake Moultrie (60,000 Ac or 24,280 ha) is primarily open water with an average depth
of 19 feet, whereas Lake Marion (100,000 Ac or 40,470 ha) is shallower with an average depth
of 13 feet. Both lakes have some deeper areas up to 75 feet. Lake Marion contains thousands of
stumps, dead tree trunks and live cypress trees because completion of the project was accelerated
due to World War II and the dam was closed before clearing could be completed.
Except during spill conditions at the Santee Dam, most of the water from the Santee River
impounded by the Santee Dam exits Lake Marion through the Diversion Canal to Lake Moultrie
1

The Pinopolis Dam houses the powerhouse called the Jefferies Station.
The Santee Dam is sometimes referred to as the Wilson Dam. The Santee Dam includes the Santee South Dam,
Santee Spillway, and Santee North Dam.
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(Fig. 2.1). There is no control structure in the Diversion Canal, and all flow not passed through
the Santee Dam (presently 500 cubic feet per second [cfs] as a FERC license requirement) into
the Santee River enters Lake Moultrie through the Diversion Canal. The Diversion Canal is
approximately 5 miles long, excavated through uplands and forested wetland with residual spoil
piles from construction of the canal bordering both sides. The canal is 200 feet wide at the
bottom (elevation 48.0 feet) and nearly 400 feet wide at the surface. A submerged riprap weir
has been constructed in the Diversion Canal just downstream of the Route 45 bridge crossing.
The structure rises to within 18 feet of the water surface at normal levels. Substrate in the
Diversion Canal is likely a mixture of sand, silt, and marl. SCPSA maintains a stockpile of stone
material at the banks of the canal near the weir to enable a full closure of the canal; closure
would stop a reversal of flow into Lake Marion from Lake Moultrie should there be an
uncontrolled release from the Santee Dam.

Figure 2.1. SCPSA Hydroelectric Project area (in box) nearby Charleston, South Carolina.
Red bars indicate dams; flow rates at each facility are noted (note: flow allocation for St.
Stephen Dam can be as much as 28,000 cfs during high flows). The area denoted as the
“By-Passed Reach of Santee River” is a 37-mile segment of the Santee River where water
flow is controlled entirely at the Wilson Dam (aka Santee Dam). Project effects within this
area are discussed in detail throughout this opinion. St. Stephen Project (Cooper River Re13

Diversion Project) is owned by the Corps of Engineers and is non-jurisdictional. The
consultation action area full extent is described in the text in Section 2.2.
2.1.1.2 Re-Diversion
Soon after initial construction of the Project, it was realized that diverting the Santee River, with
one of the largest drainages on the East Coast of the United States, into the smaller, relatively
short, tidal Cooper River resulted in significant sediment loading into Charleston Harbor
(USACE 1975); the water diversion changed mean daily flow in the Cooper River from 70 cfs to
an average of 15,609 cfs (USACE 1975). This increased flow into the Cooper River resulted in
substantial sedimentation in Charleston Harbor, requiring frequent dredging to maintain ship
channels. By the early 1960s a Re-Diversion study was initiated by the USACE to reduce
shoaling in Charleston Harbor. The subsequent USACE Cooper River Re-Diversion Project
(CRRP) was authorized by Congress in the Water Resources Development Act of 1968; the
Project was completed in 1985. The USACE Re-Diversion Project (Fig. 2.1) had two main
components: 1) construction of an 11.5-mile canal (Re-Diversion Canal) from Lake Moultrie to
the Santee River; and 2) construction of a new dam and hydroelectric station (St. Stephen) on the
Re-Diversion Canal to offset a reduction in power production that occurred when flow was
rediverted from Pinopolis Dam into the Re-Diversion Canal. A fish lock was built at St. Stephen
to compensate for anticipated reductions in fish passage through the Pinopolis navigation lock.
The subsequent re-diversion of water reduced flow into the Cooper River to a weekly average of
4,500 cfs (Cooke and Leach 2003). A contract between the United States and SCPSA was
negotiated to compensate SCPSA for lost power generation (the St. Stephen Powerhouse is
owned by USACE) and to mandate the weekly average discharge into the Cooper River to limit
saltwater intrusion to the area downstream of the Bushy Park industrial area (near Goose Creek,
SC).
The Re-Diversion Canal is an 11.5-mile canal connecting outflow from Lake Moultrie to the
Santee River (Fig. 2.1). The St. Stephen facility is located about mid-way between the lake and
the river and consists of a dam, Powerhouse, and fish lock. It is owned by the USACE. About
70% of the outflow from Lake Moultrie currently passes through the Re-Diversion Canal,
through the St. Stephen facility, and then into the lower Santee River (SCPSA 2004). Substrate
in the Re-Diversion Canal is clay or marl.
2.1.2 Current Fish Passage
This section describes existing opportunities for fishes to move upstream and downstream
through the three facilities 1 within the action area; effectiveness of each facility in passing
sturgeon is later summarized in section 5.
2.1.2.1 Existing Upstream Passage
There are two potential modes by which fishes can pass upstream from the lower Santee River
and Cooper River: the fish lift at St. Stephen and the navigation lock at the Pinopolis Dam,
respectively.

1

As discussed below, the effects of the St. Stephen facility are interdependent/interrelated to the effects of FERC’s
relicensing of the Santee Cooper project, and thus the St. Stephen facility is described and evaluated in this opinion.
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Pinopolis Lock and Dam
The navigation lock at Pinopolis Dam (Fig. 2.1) is located at river mile 48 on the Cooper River
(USFWS et al. 2001) and was designed solely for vessel navigation. The Pinopolis Lock has
been operated since the 1940s and is occasionally inoperable for short periods due to
maintenance or repair. The navigation lock is the only potential upstream passage facility for
fishes in the Cooper River to migrate into the lakes and ultimately into the upper Santee Basin.
Use of the Pinopolis Navigation Lock for fish passage was initiated in the 1950s when it was
discovered that large schools of fishes, primarily blueback herring (Alosa aestivalis),
congregated at the lock entrance (Cooper River) during spring spawning runs. Initial lock
operations to pass fish were performed to allow blueback herring to move into the reservoirs;
herring are forage fish for the landlocked striped bass population (Stevens 1957). Prior to the
Re-Diversion Project, herring passage estimates through the Pinopolis Lock ranged as high as 10
million annually (Cooke and Leach 2003). It is likely that other species including American
shad (Alosa sapidissima), striped bass (Morone saxatilis), and American eel (Anguilla rostrata)
were also passed. The Re-Diversion Project was considered to likely reduce passage opportunity
for herring through Pinopolis Lock; to compensate, a new fishway was constructed at the
USACE St. Stephen facility on the Re-Diversion Canal. The number of fish passed at the
Pinopolis Lock did indeed decline substantially after the Re-Diversion Project; however,
upstream passage through the Pinopolis Lock remains potentially important to the overall Santee
Basin passage objectives for non-sturgeon fish species. There is flow to attract migrating fish in
the upstream end of the lock, however locking operations are conducted on a voluntary basis
with the goal of ensuring American shad and blueback herring passage as well as navigation for
recreational boats.

Santee Dam
There is no potential mode for fish passage at the Santee Dam located at mile 87 on the Santee
River (Fig. 2.1). No fish, of any species, are able to move from the Santee River through the
Santee Dam, into Lake Marion, and into the upper Santee Basin.

St. Stephen
The St. Stephen fish lift is located on the Re-Diversion Canal about mid-way between Lake
Moultrie and the Santee River. The distance from the Re-Diversion Canal to the mouth of the
Santee River is 52 river miles. The fish lift was constructed by the USACE as part of the ReDiversion Project in 1985 to compensate for the anticipated reduction of flow and fish passage
through Pinopolis Lock. The fish lift was constructed primarily to provide passage for American
shad and blueback herring to move into Lake Moultrie. American shad and blueback herring are
passed into the reservoirs to allow access to upstream spawning habitat. In addition, adult and
juvenile American shad and blueback herring provide forage to fish (e.g., for the hatcherystocked striped bass), mammals, reptiles, and birds in the Santee Cooper Basin. The St. Stephen
fish lift is operated by the SCDNR under a funding agreement with the USACE.
2.1.2.2 Existing Downstream Passage
Downstream passage can occur within the action area via: 1) the hydropower turbines at each
Powerhouse (Jefferies, St. Stephen, and Santee); 2) the spillway at Santee Dam; 3) the St.
15

Stephen downstream attraction flow/bypass facility; or 4) Pinopolis Lock. Multiple types of
turbines are present within the three powerhouses: 3 Kaplan and 2 fixed-propeller turbines are
present in the Jefferies Powerhouse (4 spinning at 120 rpm and 1 at 200 rpm); 3 Allis Chalmers
fixed blade propeller turbines at St. Stephen spinning at 100 rpm; and a single, vertical-shaft
Francis turbine at Santee spinning at 180 rpm. Units 2 and 4 at Jefferies Dam were upgraded
with fish friendly turbines in 2017 (however, the extent to the turbines safely and effectively pass
sturgeon is unknown.
Each Powerhouse has bar rack screens at the turbine penstocks to prevent entrainment of debris.
The screens may also reduce the entrainment and downstream passage of fishes through the
turbines, depending on the size of the fish and the screens. At the Jefferies Powerhouse
(Pinopolis Dam), the top of each intake opening is approximately 16 ft below normal headpond
water elevation and drops to the bottom of the lake; bar racks fully cover each turbine penstock
with ¾-inch vertical bars providing 5.6-inch clear spacing. Bar rack screens at the Santee
Powerhouse (Santee Dam) have trash racks with overall dimensions of 17 ft-11in high by 12 ft-4
¼ in wide. The bars are spaced at 4 in on center and are made of 3-1/2in x 3/8 in steel bars.
There is a debris guard above the water line to prevent large objects from getting washed over
the stop logs. The trash rack openings at St. Stephen are about 6 in x 24 in.
During high flows, fishes can also pass over the spillway at the Santee Dam to move downstream
from Lake Marion into Santee River; there are no spillways present at Pinopolis or St. Stephen.
During times of elevated water levels resulting in spilling at the Santee Dam, the vertical drop is
approximately 23 to 51 feet depending on exact water levels.
2.1.3 FERC Proposed License
2.1.3.1 License Term
FERC, under the authority of the FPA, may issue licenses for up to 50 years. FERC has not yet
determined the length of the license, but has indicated that it will be between 30 and 50 years.
SCPSA has submitted arguments stating a 50-year license is appropriate. Therefore, this
consultation assumes a 50-year license.
2.1.3.2 Formalize Existing Rule Curve
FERC recommends formalizing an existing rule curve in order to: 1) adequately protect
reservoir resources; 2) provide for relatively stable lake levels most of the year; and 3) provide
flood control (FEIS 2007 pp.24). FERC further concludes the “proposed rule curve is designed
to anticipate and provide adequate storage for normal seasonal inflows” (FEIS 2007 pp.23). The
existing rule curve “allows for a seasonal range of water levels in Lakes Marion and Moultrie.”
Water levels generally range from an elevation of 75.5 feet during the summer to just above 72.0
feet during winter drawdown, which typically occurs in January.
2.1.3.3 Proposed Flow Regime
Pinopolis Dam
No modification in flow was proposed through Pinopolis Dam/Jefferies Powerhouse; flow is
expected to continue at a weekly average of 4,500 cfs. The operations constraints at the Jefferies
Powerhouse are due to the re-diversion of flow through the USACE St. Stephen Project and to
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help manage the intrusion of the saltwater wedge in the Cooper River to protect industrial and
potable water intakes.
Santee Dam
Currently a minimum instantaneous flow of 500 cfs is required by the FERC license to be
discharged into the Santee River through the Santee Powerhouse, along with any leakage through
the Santee Spillway gates; sporadic spills over the Santee spillway occur when inflow exceeds
reservoir storage capacity and maximum power generation at Jefferies, St. Stephen, and Santee
Powerhouses. FERC staff recommended that the Commission adopt the flow rate
recommendations in the Final Settlement Agreement (FSA), which are included here except for a
modification to address current best available spawning information for sturgeon and support
adaptive management. Operations will provide minimum flow rates from the Santee Dam of
1,200 cfs May through November and 2,400 cfs December through April. These flows would be
implemented within 36 months after license issuance, or within 30 days of the installation of a
new minimum flow generating unit at the Santee Dam, whichever comes first. Additionally, to
facilitate adaptive management requirements of the new license and this Opinion, flows may
have to be adjusted to address sturgeon needs. For example, flows may need to be greater than
1,200 cfs (up to 5,000 cfs) from May through November if Atlantic sturgeon are demonstrated to
be attempting to spawn in the fall or if 1,200 cfs does not produce sufficient viable rearing
habitat in the bypassed reach of the Santee River. The 2,400 cfs flow rate could be increased at
any time of the year to as high as 5,000 cfs, to meet adaptive management needs. The 5,000 cfs
provides an upper bound for the range of potential flows; normal cfs is expected to range
between 1,200 cfs and 2,400 cfs (depending on month). Rates above 2,400 cfs would only occur
if needed to address sturgeon management, only for the period needed, and any request for an
increase in flows would be given to SCPSA with as much advance notice as possible. Details
regarding implementation of increased flow cfs levels would be coordinated closely with
SCPSA. Flow rates will be determined based on ability to meet adaptive management objectives
and rates above 2,400 cfs only implemented if necessary and after consultations between the
Resource Management Team (RMT), SCPSA, NMFS, and FERC. FERC review and approval
will be sought before implementation. Flow rates discussed here are instantaneous rates.
Adaptive management and the RMT are discussed in greater detail later in this Opinion.
Note: variation in the increased flow levels may be needed to allow for maintenance, inspection
and repair work to ensure dam stability. This variation will be coordinated with the RMT to
minimize, to the greatest extent possible, any potential negative effects on sturgeon and sturgeon
habitat needs. Additionally, dam safety and integrity (including human safety) in general are
always the first consideration in the adaptive management process.
2.1.3.4 Drought Contingency Plan, Operations and Flow Monitoring Plan, and Adaptive
Management Program
FERC staff recommends SCPSA develop a Drought Contingency Plan (e.g., Low-Inflow
Protocol) in consultation with U.S. Geological Survey (USGS), USFWS, NMFS, SCDNR, South
Carolina Department of Health and Environmental Control (SCDHEC), Coastal Conservation
League (CCL), and American Rivers. The plan should “balance competing water needs for the
Santee Cooper lakes” by “(a) assist[ing] in operating the project during low inflows and/or
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drought conditions; (b) provid[ing] a means to prioritize water needs such that SCPSA and the
agencies can cooperatively determine whether flow obligations can be temporarily suspended, or
the reservoir rule curve modified to allow drawdowns to meet flow needs; (c) serve to limit
adverse effects on resources from fluctuating lake levels or reduced downstream flows; and (d)
ensure that appropriate consideration is given to generation needs and the protection of aquatic
resources, rare/threatened/endangered (RTE) species and public recreation.” (FEIS 2007 pp.208).
FERC staff also recommends that SCPSA develop an Operations and Flow Monitoring Plan to
“define the criteria by which compliance with the proposed guide curve 2 and minimum flow
schedule would be met, and provide a mechanism to periodically confirm that the project is in
compliance with the new license” (FEIS 2007 pp.208).
FERC staff also recommends that SCPSA develop and implement an Adaptive Management
Plan in consultation with USFWS, NMFS, SCDNR, and SCDHEC with the goals of monitoring
flows and water quality and forming a Fisheries Technical Committee to review the results of
monitoring. The Program should consist of two components:
1. Operations, Flow, Water Quality Monitoring Plan to:
a. monitor and evaluate the effects of increased minimum flows at the project to
determine if the intended ecological benefits (i.e., improved water quality,
habitat suitability, and recreational navigation) are realized over the first 10
years of the license, and;
b. include methodologies and measureable indicators for assessing the
environmental objectives of higher minimum flows in the Santee River
bypassed reach, along with a provision to evaluate further alternative flow
releases, if needed, based on monitoring results.
2. Resource Management Team (RMT) to conduct an annual evaluation of the effects of
instream flows on resources in the Santee River bypassed reach, and on power
generation at the Project. The RMT would provide a mechanism for formal oversight
of measures intended to improve habitat conditions required to support passage and
manage Project inflows. While the RMT may provide recommendations for changes
in project operations and flows, all recommendations would be subject to
Commission review and approval prior to incorporation into the articles of the
license.
2.1.4 Proposed Fish Passage/Relocation/Management
NMFS has previously issued a section 18 fishway prescription and a modified prescription for
this project. The FEIS discusses staff’s recommendations related to fish passage provisions in a
new license. The NMFS prescription discussed in this section is the new January 2020, modified
prescription which is based on, among other things, NMFS’ consideration of comments on the
first and second draft Biological Opinions, new information on sturgeon use of the Santee
Cooper system, and numerous meetings between NMFS, SCDNR, and SCPSA to identify and
discuss safe and effective fish passage options for sturgeon. Because the FWS and NMFS
Fishway Prescriptions are both “mandatory conditions” that must be included in any new license
2
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issued by the Commission, implementation of both prescriptions is part of proposed action for
the purposes of this Biological Opinion. In this section we describe the provisions of both
NMFS’ and USFWS’ Fishway Prescriptions (the latter is also included in the FSA), and any
additional requirements made by FERC related to fish passage requirements of a new license.
2.1.4.1 FERC Requirements
The SCPSA will develop an overall Fish Passage Implementation Plan in consultation with
USFWS, NMFS, SCDNR, and SCDHEC to better define which measures are needed, and when.
The Plan should:
1. include a provision for annual progress reports to be submitted to FERC and the agencies
that would include fish passage counts for project facilities and progress made in
implementing the fish passage measures required by the license; and,
2. identify additional information necessary to develop site-specific measures and designs,
and include a schedule for:
a. collecting the necessary information;
b. development of upstream and downstream passage designs, as necessary, to
accommodate all target species;
c. submittals to agencies and FERC for review and approval of designs;
d. construction of fish passage facilities;
e. development and implementation of effectiveness studies, with provisions for
identifying potential future enhancements, if needed.
2.1.4.2 NMFS Fishway Prescription (Gateway Option):
2.1.4.2.1 Reason for the Prescription
In our first draft Biological Opinion, we erroneously failed to evaluate the effects of either
NMFS’ or USFWS’ Section 18 Fishway Prescriptions as part of the proposed action. The lack
of mandatory fish passage for sturgeon was a major component of our draft determination that
the action as proposed was likely to jeopardize the continued existence of shortnose sturgeon.
Thus, we identified a Reasonable and Prudent Alternative (RPA) that would have required safe
and effective upstream and downstream passage for sturgeon at both Pinopolis and Santee Dams.
This element of the draft RPA would have contributed to avoiding jeopardy to sturgeon by
allowing the Santee-Cooper population to fully perform their natural life cycle and persist, by
reconnecting all habitats necessary to perform the species’ life cycle functions. More sturgeon
would access optimal spawning habitat and successfully reproduce, increasing both number and
genetic diversity of progeny. Optimal foraging habitat would become accessible to the landlocked spawning population, improving their fitness and fecundity.
Based in part on comments received on the first draft Biological Opinion, NMFS began
investigating alternatives to the draft RPA that would still avoid jeopardizing the continuing
existence of sturgeon by meeting the biological objectives listed above, and ideally would be
implemented all or in part through a fishway prescription (i.e., the proposed action has evolved
since the draft Opinion based on new information). In this effort, we evaluated sources of
mortality, habitat quality and quantity issues, and pros, cons and challenges to implementing a
variety of fish passage options, as well as their effectiveness in avoiding jeopardy. Through a
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number of meetings between NMFS, SCPSA, SCDNR, FERC and others, a consensus emerged
that developing a spawning population in the Santee River was the best alternative to pursue. As
discussed above, prior to the hydropower project, the Cooper River was a small creek that likely
did not support much sturgeon use. The Cooper River population was an artifact of the
construction of the hydropower system and transferring the vast majority of the Santee River’s
water to run through the new Jefferies powerhouse. The location and operation of the Pinopolis
Dam has resulted in a failed spawning population. The Pinopolis Lock does not afford viable
passage alternatives for sturgeon, and even if it did, the habitat above the lock and dam does not
appear supportive of sturgeon, as evidenced by the lack of use by the shortnose sturgeon
landlocked above the dam. There are also limited physical capabilities to build a new passage
facility in association with the Pinopolis Dam. Leland (1968) opined that once flow was rediverted back to the Santee River, the river could once again provide major sturgeon habitat. All
these factors contributed to the determination to focus on the Santee River for recovering
sturgeon in the Santee-Cooper river system.
The current proposed action will move fish from potential harm in the Pinopolis Dam lock,
moving spawning sturgeon from a place they cannot successfully reproduce (below the Pinopolis
Dam) to an area where recruitment is possible (below the Santee Dam). The increased flows and
their adaptive management will create/restore reproductive habitat below the Santee Dam in the
Santee River, thereby improving population recruitment, demographics, numbers, survival and
recovery. If conditions permit, passage will eventually occur at the Santee Dam, further
improving sturgeon use of the Santee Cooper system and health of the sturgeon populations.
The NMFS Fishway Prescription is an alternative to the proposed RPA in the draft jeopardy
Biological Opinion discussed in Section 1 of this Opinion. The proposed RPA required the
action agency to: 1) implement safe and effective upstream and downstream fish passage at both
Pinopolis and Santee (Wilson) Dams; 2) reduce mortality and entrainment of shortnose sturgeon
in the Pinopolis navigation lock and project turbines; and 3) provide adequate flows to provide
adequate aquatic habitat and migratory pathways between spawning and foraging habitats. The
following discussion summarizes how the NMFS Fishway Prescription addresses these elements.
Effects of the proposed action with implementation of NMFS’ Fishway Prescription are assessed
later in this Opinion.
Upstream and Downstream Passage
While the first draft Biological Opinion proposed a RPA requiring immediate fish passage at
both the Santee and Pinopolis dams, new information, subsequent analyses, and discussions with
SCDNR and NMFS sturgeon experts since the issuance of that Opinion have resulted in NMFS
concluding that it is premature to pass sturgeon from below both dams to above the dams. There
are currently several significant areas of uncertainty that must be researched before considering
passage above the dams, including passage techniques that will be successful for sturgeon in this
system. Further, we concluded that attempting to develop a migrating, spawning population
using the Cooper River is not optimal, for a few reasons. We have no evidence of a historic
separate Cooper River stock and believe that their occurrence at the Pinopolis Dam is an artifact
of the construction of the dams and changes in water flow. Additionally, sturgeon that migrate to
the Pinopolis Dam are at risk of mortality during interactions with the lock. Also, habitat
directly above this dam is very marginal.
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Instead, the fish passage requirements of the proposed action require that spawning fish from
below the Pinopolis Dam be relocated to the bypassed reach of the Santee River below the
Santee Dam to increase spawning and recruitment success. These animals are currently
spawning (or attempting to spawn) below the Pinopolis Dam, but recruitment is unsuccessful.
Very high water flows below the dam result in scouring of eggs (i.e., poor adhesion and thus
inability to develop); there is also insufficient distance between the spawning site and the first
portion of the downstream salt wedge such that if eggs could survive scouring the larva would
not be sufficiently mature to survive exposure to the salt environment. Movement of these fish
to an area where recruitment can be successful due to higher quality and quantity of habitat for
both adults and young under the new license will support efforts to increase population numbers,
and result in young-of-the-year fish (YOY) 3 in the Santee River. It will also increase the number
of juveniles in the Santee River. In this way the reproduction from fish in the Cooper River will
not be lost (as is currently the case). Also, they will not be killed or injured in passing them
above the dams, where suitable spawning habitat may not yet be accessible. This phase will also
allow us to determine whether fish spawned in the bypassed reach can successfully migrate
downstream to mature, and then return upstream to spawn in the bypassed reach, and if
necessary to adaptively adjust flows to ensure success. The NMFS Fishway Prescription
requires the SCPSA (under the direction of the RMT) to study availability and quality of habitats
for all sturgeon life stages in the bypassed reach and above the dams, and conduct habitat
restoration or enhancement if warranted to effectuate and identify safe and effective passage
options that can be implemented to enhance recovery efforts. Habitat restoration or enhancement
is warranted to effectuate passage if likely to result in success 4 of movement from the Cooper
River to the Santee River, and then above the Santee Dam as appropriate. SCPSA must also
identify safe and effective downstream passage options that can be implemented at the dams if
needed. These requirements apply before and while translocation of spawning fish to the
bypassed reach is underway 5. This phased approach will allow NMFS and its partners to ensure
that fish passage techniques that will be successful in enhancing sturgeon populations are
available when spawning in the bypassed reach achieves carrying capacity.
Reduce Mortality and Entrainment of Shortnose sturgeon in the Pinopolis Navigation Lock and
Project Turbines
The proposed relicensing and Terms and Conditions of this draft Opinion propose two
alternative actions to help reduce mortality and entrainment of both shortnose and Atlantic
sturgeon in the Pinopolis Navigation Lock. One is a decrease in the drain rate of the lock to
minimize the probability of the sturgeon being drawn into the drain ports. The other is the
movement of fish from below the lock to below the Santee Dam (where they would not be
3
Young-of-the-year = age 0 fish, i.e., less than 1 year old, and for sturgeon these are fish less than approximately
300 mm.
4
Success will be measured by evidence of survival, spawning, and recruitment within 4 years of spawning.
5
Spawning habitat survey and characterization of the Santee River below the Santee Dam will occur prior to
releasing sturgeon in the Santee River and will be initiated no later than six months after issuance of a new license
and completed before translocation of fish is required. Spawning habitat survey and characterization of the lake
habitat above Santee Dam will be initiated no later than 12 months after issuance of a new license and completed as
soon as possible. Within nine months of the issuance of the license, the SCPSA shall initiate research regarding
solutions to, and possible design of, safe and effective downstream passage (and this shall be completed as soon as
possible). Please refer to NMFS Fishway Prescription for more details.
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exposed to the dangers of the lock). These actions are expected to reduce mortality and
entrainment, while improving spawning recruitment success in the bypassed reach of the Santee
River.
No fish from below the dams will be initially placed above the dams, so entrainment and
mortality of these fish will not occur. If they are eventually moved above the dams, this will
only occur after safe and effective passage facilities or techniques have been designed and
implemented that appropriately address turbine mortality. While NMFS originally believed that
the landlocked population of shortnose sturgeon above the dams may be reaching the turbines,
subsequent analysis since release of the draft Opinion indicates that these fish are not moving to
the lower portions of Lake Marion where the dam is located, thus are not subject to turbine injury
(discussed later in this Opinion).
Provide Adequate Flows to Provide Adequate Aquatic Habitat to Support Migratory Pathways
between Spawning and Foraging Habitats
The new license requires increasing spring flows to accommodate spring spawning migrations so
that sturgeon can move between foraging habitat estuaries and Atlantic Ocean and spawning
habitat below the Santee Dam. Quality and quantity of reproductive habitat will be increased
below the Santee Dam, where sturgeon relocated from below Pinopolis Dam will be released.
According to SCPSA’s analyses, flows of 2,400 cfs will provide a zone of passage at least 4 feet
deep (target depth for sturgeon) at the riffles that were identified as potentially too shallow for
passage in the bypassed reach. The NMFS Modified Prescription and the terms and conditions
of this Biological Opinion require that SCPSA verify that these riffle areas are deep enough for
sturgeon passage after the new flow is initiated. Modifications to flows will be adaptively
managed to meet sturgeon needs (discussed further below). This will allow sturgeon to spawn in
currently unavailable habitat, and efforts to improve habitat will be evaluated and implemented
as necessary. If habitat conditions prove conducive to moving fish above the dams and such
movement is necessary to supplement spawning below Santee Dam, and if safe and effective
upstream and downstream options are found, upstream and downstream passage for sturgeon
will be pursued.
The following describes the NMFS Fishway Prescription. Please refer to the actual Prescription
for additional details.

2.1.4.2.2 Description of the NMFS Fishway Prescription
Future adaptations to address shortnose and Atlantic sturgeon related to the proposed action (the
Relicensing of SCPSA) must be approved by the NMFS Shortnose and Atlantic Sturgeon
Coordinator at SERO PRD. These adaptations do not include changes that, if implemented,
would require reinitiation of consultation, i.e., they would fall within the scope of activities
discussed as part of the proposed action. They could include adaptive management actions (like
adjustments to flow, e.g., from 2,400 cfs to 2,700 cfs parts of the year; details relating to
relocation of fish to the Santee River, such as exact locations, or the movement of fish above the
dams). Any measures that require modification(s) that may affect project facilities and/or
operation will be reviewed and approved by the FERC prior to being incorporated in the articles
of the license.
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In order to establish a team of partners to help implement the NMFS Fishway Prescription,
within 3 months of the issuance of this Opinion, SCPSA will develop a Resource Management
Team (RMT) consisting of NMFS, SCDNR, USFWS, SCDHEC and SCPSA.
A key objective of the prescription is for the parties involved to work toward continued directed
study of both the lake and river populations of shortnose sturgeon and Atlantic sturgeon and
available habitats. Information obtained will be used to direct actions within Santee Cooper’s
control anticipated to increase production of both sturgeon species populations in the Santee
system with the goal of maintaining healthy populations and supporting recovery of both species.
DIDSON and ARIS sonar units are planned to be used in the Pinopolis Lock to count fish and
detect sturgeon in order to assess fish behavior and effects from lock operation. The SCPSA will
also use remote sensing (i.e., side scan sonar) or other proven techniques to survey the rivers for
sturgeon (this will be at SCPSA’s cost) for the purpose of population assessment. Additionally,
spawning habitat survey/characterization of the Santee River below the Santee Dam will be
conducted to assess spawning habitat locations and suitability to ensure optimal placement of
relocated fish into highest quality habitat possible. This will occur prior to releasing sturgeon in
the Santee River and will be initiated no later than 6 months after issuance of a new FERC
license. Habitat conditions such as substrate suitability will be researched to start (at low flows),
with search for ideal spawning release sites after water flows are increased. Trial flow runs
(length of release to be determined by the RMT) at 2,400 cfs will be considered as soon as
possible (before regular releases at the prescribed flows) to help assess habitat. Similarly,
spawning habitat survey/characterization of the lake habitat above Santee Dam will be initiated
no later than 12 months after issuance of a new FERC license to assess spawning and foraging
habitat locations and suitability. This will occur prior to releasing sturgeon in the lakes
(described further below), but release in the lakes will occur only if deemed appropriate to
support recovery efforts.
Flows
The spring flows from the Santee Dam under the new license will be 2,400 cfs (instanteous)
December 1 through April 30 to accommodate spring spawning migrations. Additional flow
requirements will be determined and spring and fall flows adjusted as necessary based on
additional discussions with NMFS and SCDNR sturgeon staff to properly address necessary
dissolved oxygen, temperature, substrate and depth needs related to shortnose and Atlantic
sturgeon (note flow discussion earlier in section 2.1.3). As an example, Atlantic sturgeon may
undertake a fall spawning run and SCDNR’s data indicate that fall migrations may be correlated
with decreasing water temperature at the end of summer. There is insufficient information to
know whether Atlantic sturgeon spawn in the fall and the extent to which the increased minimum
flows of 1,200 cfs throughout the fall would provide sufficient habitat to accommodate Atlantic
Sturgeon spawning. SCPSA will monitor (in consultation with the RMT) attempts by spawning
animals to reach the upper half of the river (in conjunction with habitat suitability studies) to
verify possible fall spawning activity and adjust flows as necessary. Final flow decisions will be
made by NMFS in consultation with FERC and with input from the RMT.
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Trap and Transport
Shortnose Sturgeon
SCPSA, working in consultation with SCDNR and NMFS, will fund trap and transport of
shortnose sturgeon from the Cooper River to the Santee River and potentially subsequently to the
lakes. This will include, subsequent to the implementation of the increased flows under the new
license, a 5-10 year program (extended if determined to be necessary) of capturing, tagging, and
transporting migrating shortnose sturgeon from the Cooper River to the Santee River below
Santee Dam above the confluence of the natural river course and the USACE St. Stephen Project
Re-Diversion Canal. This will occur no later than 36 months from the issuance of the license
(which is expected within 6 months); However, parties will make a good faith effort to do so
sooner. Specific release locations of translocated sturgeon will be determined by NMFS through
meeting(s) between SCDNR, NMFS, and SCPSA, using flow and spawning habitat
survey/characterization information discussed above.
This action is being pursued to take advantage of likely underutilized high quality spawning
habitat in the Santee River below Santee Dam, and to avoid the risk of injury and mortality to
sturgeon that would migrate out of the lakes back downstream if they were moved above the dam
before safe and effective 6 downstream passage is identified and implemented. It will also
minimize mortality from interactions at the Pinopolis lock.
The NMFS SERO Atlantic and Shortnose Sturgeon Coordinator will be provided quarterly
updates (by email) as the project proceeds. The program progress will be reviewed after 1 year
with subsequent 1 year reviews thereafter. Initially, up to 20 telemetered fish per year will be
moved. Sex ratios and age of animals selected for transport will be determined by NMFS in
consultation with SCDNR. If the sex of animals cannot be identified, NMFS will determine
whether they should be transported on a case by case basis. The activities of transported fish will
be monitored via telemetry. SCPSA will fund any needed tags and receivers and their
maintenance necessary for this project. Also during this time SCPSA must ensure that
monitoring of the shortnose sturgeon spawning in the Cooper River continues to determine if
their use of the river continues, if there are any changes in the population found there, or there is
any other new information regarding the sturgeon that will inform the adaptive management
process. SCDNR, NMFS, and SCPSA (working together as part of the RMT) will analyze
telemetry and recruitment data annually to determine project success. Based on data (e.g.,
showing that YOY fish from the relocated spawning fish are successfully recruiting and that the
relocated spawning fish are surviving in the Santee River), the SCPSA (in consultation with the
RMT and subject to the approval of actions by NMFS) will adaptively manage the trap and
transport of shortnose sturgeon.
If spawning and recruitment do not occur in the Santee River, the SCPSA will work with the
RMT and will determine why, identify solutions (e.g., changes to flows, trap and transport
release locations), and adaptively implement them. These adaptative management actions must
fall within the scope of the activities discussed as part of the proposed action and not reach a
level that would lead to reinitiation. Such activities must be approved by NMFS before
6

Safe and effective passage means passage that minimizes injury and mortality of fish and that successfully
increases the number of individuals that pass downstream, to levels permitting the population to successfully
complete its life cycle and allowing for increased reproduction.
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implementation. If the RMT recommends changes that fall outside the scope of the measures
discussed as part of the proposed action and NMFS determines that such changes are necessary
to comply with section 7 of the ESA, consultation will be reinitiated as necessary to evaluate
changes to the proposed action, as well as any new information regarding the effects to sturgeon.
Trap and transport of shortnose sturgeon to the area below the Santee Dam will continue until
there is a saturation of the habitat in the Santee River below Santee Dam by shortnose sturgeon.
Saturated level/carrying capacity for the purposes of decision making regarding the sturgeon
population below the Santee Dam is defined in terms of adult, juvenile, and YOY sturgeon. For
example, saturation/carrying capacity could be considered to be reached when the number of
each of the three age class groupings has plateaued and is no longer increasing for 10
consecutive years. Ultimately any specific threshold would be determined by the NMFS in
consultation with the RMT after review of best available data). If environmental conditions are
negatively depressing carrying capacity and limiting the trap and transport program such that
recovery objectives cannot be met, trap and transport may be temporarily reduced while habitat
conditions are addressed and then resumed as soon as possible thereafter. Habitat
enhancement/restoration must be considered if necessary to complete trap and transport activities
and to help achieve conditions that will support sturgeon in numbers necessary for survival and
recovery.
Initial priority will be given to movement of animals from the Cooper River to the Santee River
below the Santee Dam. Passage into Lake Marion will then be considered and pursued as
appropriate after habitat suitability investigations have been completed. Prey availability,
abundance, and habitat studies will be in process during trap and transport, and data will be
collected on Lake Marion to inform decision making. Upon completion of habitat suitability
investigations, decisions regarding placement of fish will be based on optimizing the successful
movement of sturgeon to the Santee River system and ensuring their survival, reproduction, and
recruitment.
Fish placement above the dam may be considered before saturation or carrying capacity is
reached below the Santee Dam, but only if studies indicate that habitat is suitable above the dam,
and safe downstream passage is assured. Moving fish to Lake Marion prior to reaching
saturation will only be done if the RMT has evaluated and NMFS has approved such movement,
and determined the appropriate number, sex, and age of fish that should be placed both above
and below the dam based on adaptive management and recovery goals for the species and what is
needed to optimize success. Monitoring of habitat availability, sturgeon condition, safe
downstream passage, and other population and movement characteristics in the lakes will be key
metrics to determine if initial and continued passage into Lake Marion is warranted. This could
include study of tagged animals moved above the dams to track their movements and survival.
SCPSA will consult and work with the RMT to evaluate and recommend the most appropriate
passage technology (e.g., ladders, lifts, or other means) and location that will be used to facilitate
fish passage in the event any fish are moved above the dams. However, NMFS will make the
final determination on what passage technology is ultimately required to be constructed. If
conditions are found not to support movement of animals above the dams, SCPSA will work
with NMFS to determine what can be done to improve the habitat to support passage.
The movement of the fish in the Santee River will be monitored through biotelemetry and
compared to previous habitat study results to determine possible spawning sites in the Santee
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River as well as other uses of the river. Additionally, spawning habitat restoration will be
conducted in specific localized places the fish utilize, as needed. If spawning habitat is
determined to be inadequate, SCPSA will consult with NMFS and SCDNR on ways to enhance
the spawning habitat (e.g., addition of spawning gravel) and NMFS will make the final decision
on what is appropriate. SCPSA will monitor multiple life stages of shortnose sturgeon in the
Santee and Cooper rivers and Lake Marion, to characterize the population structure and monitor
dynamics. The primary objectives are to determine if spawning is occurring and whether the
estimated population size is stable or changing.
Atlantic Sturgeon
During the trap and transport project for shortnose sturgeon, SCPSA will fund targeted projects
with a nexus to the Santee Cooper Project, aimed at understanding Atlantic sturgeon use of the
Santee and Cooper rivers in the vicinity of the Project over a 3-5 year period. This may include
sampling and acoustic tagging among other techniques, including analysis of genetic samples to
confirm DPS identities. After sufficient data is gathered to better understand this system’s
Atlantic sturgeon population, the SCDNR, NMFS, and SCPSA will evaluate whether Atlantic
sturgeon spawning is occurring and what is necessary to address threats to the animals (e.g., if
trap and transport is advisable, flow adjustment is necessary, etc.). After the assessment is
complete, SCDNR, NMFS, and SCPSA will meet to determine possible alternatives, including
trap and transport of Atlantic sturgeon to the river below Santee Dam, and possibly to the lakes,
but only if spawning is confirmed and relocation is deemed advisable. 7
Downstream Passage
Currently, NMFS and SCDNR are not in favor of putting sturgeon upstream of the Santee or
Pinopolis dams because effective and safe downstream passage facilities do not exist at this time
and there are questions regarding suitability of habitat for spawning migration and feeding in
parts of the lakes that require research. Without downstream passage facilities designed
specifically to facilitate sturgeon passage, potential downstream passage in the lake system is
currently not reliable for shortnose sturgeon and is most likely nonexistent for Atlantic sturgeon
as their larger size makes passing through turbines without injury or mortality unlikely.
Therefore, within 9 months of the issuance of the new License, the SCPSA in consultation with
the RMT, and other passage engineers agreed upon by NMFS, will initiate research for solutions
to safe and effective downstream passage, including but not limited to, identifying potential data
gaps and possible design alternatives to passage challenges. In the meantime, SCPSA will fund
study of the movements, population structure and dynamics, and life history of the sturgeon in
the Santee and Cooper rivers (such that a Santee Cooper Project nexus is clear). SCPSA will
also fund work to conduct research regarding suitability of habitat in the lakes.
Fish Lift
Both the USFWS and NMFS fishway prescriptions include construction of a fish lift at Santee
Dam to be completed within 10 years (or sooner to the extent possible) after the license is
renewed. NMFS’s prescription requires that the lift be effective at passing Atlantic and
7

Movement of Atlantic sturgeon follows movement of shortnose sturgeon, and only after it is confirmed that
spawning is occurring in the Cooper River and conditions in the Santee River are acceptable for successful
relocation. If animals are spawning, but conditions are not appropriate, then those condition deficiencies will be
addressed to enable possible relocation.
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shortnose sturgeon or one that could be modified at any point to be made effective at passing
Atlantic and shortnose sturgeon (its exact construction and date of implementation will be
determined based on the outcomes of the various studies and projects listed above). If a lift is
determined to be ineffective for sturgeon, alternatives to a lift to accomplish passage will be
considered for sturgeon and trap and transport will continue as necessary.
Performance Metrics (Please refer to the NMFS Fishway Prescription for additional
information)
SCPSA, in coordination with NMFS and SCDNR, will evaluate 8 various performance metrics
identified by NMFS including but not limited to:
a. Monitoring of handling effects on sturgeon behavior;
b. Documentation of injuries or mortality of sturgeon that are collected as part of the proposed
action including NMFS’ Prescription; if any injuries or mortality are documented, a
supplemental plan to reduce those effects will be developed;
c. A data quality assurance and quality control framework will be developed to guide data
collection and processing:
d. Periodic point estimates of the sturgeon populations will be made. NMFS, SCDNR, and
SCPSA will consider all potential limiting factors on the population in the context of whether
SCPSA’s actions under the new license and this prescription are having a positive effect on the
sturgeon populations (all factors affecting population dynamics will be evaluated to provide
context to effects of the proposed action).
2.1.4.3. USFWS’ Fishway Prescription: target species do not include shortnose or Atlantic
sturgeon.
Phase I (Upstream)
1. Conduct baseline population monitoring study of annual American shad and blueback
herring spawning run in the 37 mile bypass reach of the Santee River below the Santee
Dam within 1 year of license issuance, continued for 3 to 5 years.
2. Provide initial diadromous fish capture and transport during baseline population
monitoring study, such that fish captured during the study are transported above Wilson
Dam.
3. Conduct American eel sampling study for 2 years following license issuance, to aid in
determining best eel fishway location and operational period.
Phase II
1. Operate trap and sort facility beginning between 6 and 8 years after license issuance.
2. Install and operate an American eel fishway by year 3 of new license, followed by 3
years of effectiveness evaluation studies.

8

This information will be used to modify and improve the adaptive management activities.
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Phase III
1. Construct and operate fish lift facility at Wilson Dam to operate concurrently with the St.
Stephen and Pinopolis Lock facilities between 3 and 5 years after the capacity of the trap
and sort facility at Santee Dam has been reached.
2. Conduct monitoring and effectiveness evaluation of the fish lift facility.
Phase I (Downstream)
Conduct confirmatory survival study for out-migrating target species by year 2 to evaluate
turbine passage survival percentages.
Phase II
1. Conduct downstream passage evaluation study to assess alternatives for improving
survival of out-migrating target species; final report within 6 months of study completion.
2. Install and/or implement downstream passage measures or designs in year 5 of license
issuance, as determined appropriate based on passage evaluation study.
3. Conduct effectiveness evaluations for 3 seasons.
2.1.5 Sturgeon Enhancement Plan
FERC will require that SCPSA develop and implement a sturgeon enhancement plan, in
consultation with NMFS, USFWS, and SCDNR, that: addresses the need to monitor, evaluate,
and manage instream flows to enhance sturgeon in the Santee Cooper river basin; and has the
goal of improving passage at these facilities (if deemed appropriate by NMFS) as well as
reducing entrainment and mortality of these species. A draft outline of the plan will be submitted
to NMFS, USFWS, and SCDNR no later than 6 months after the License is issued, and a draft
plan will be submitted to NMFS, USFWS, and SCDNR no later than 12 months after this
License is issued. Plan implementation shall begin no later than 18 months after the License is
issued.
2.2 Action Area
For purposes of section 7 consultation, the 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. FERC
identified the action area in the FEIS to include Santee Dam and the associated Powerhouse
located on the Santee River, Pinopolis Lock and Dam and the associated Jefferies Powerhouse
on the Cooper River, and the Diversion Canal connecting Lakes Marion and Moultrie. These
facilities are operated under FERC license by SCPSA. FERC does not include facilities
constructed during the 1985 Re-Diversion Project in the FEIS discussion of action area (i.e., ReDiversion Canal; St. Stephen Dam, Powerhouse and fish lift) and does not consider their effects.
FERC has identified these facilities as non-jurisdictional.
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In administering section 7 of the ESA, the Services have issued regulations (50 CFR Part 402) on
interagency consultation requirements, including definitions to help guide federal agencies.
When evaluating possible inclusion of the effects of the St. Stephen facility, NMFS carefully
considered the following definitions:
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.
Effects of the Action – are 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. 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.
NMFS acknowledges that facilities constructed as part of the Cooper River Re-Diversion Project
(CRRP) (i.e., Re-Diversion Canal, and the St. Stephen facility comprised of an 84-MW
hydroelectric station, dam, and a fish passage facility) are currently not part of the FERClicensed Project #199. However, the effects from the continued operation of these facilities
meets the definition of effects of the action; thus, such effects must be considered in this
consultation on re-licensing of Project #199. The CRRP was constructed to remedy adverse
impacts the Santee Cooper Project was causing at the time to navigation in the Charleston
Harbor, due to the diversion of Santee River flows to the Cooper River and the marked increase
of water and sediment transported into the harbor. The St. Stephen facility was constructed on
the Re-Diversion Canal to mitigate the power losses associated with decreasing flows to the
Cooper River and its power generating facility as water was re-diverted down the Re-Diversion
Canal back into the Santee River. The availability of, and right to use, Santee and Cooper River
waters at St. Stephen is a derivative of the Federal Power Act license for the Santee Cooper
Project. Thus, the CRRP including St. Stephen would not have occurred but for the proposed
action and is an interrelated part of the Project and is dependent upon the Project for its
operation. The Santee Cooper Project depends upon the CRRP to distribute and avoid adverse
impacts of water releases. (NMFS has informed the ACOE that they need to consult and will
pursue consultation discussions with the ACOE regarding the St. Stephen facility; this
consultation may result in requirements for the ACOE to assist with minimization of effects to
sturgeon and support of sturgeon restoration efforts in the Santee River system) Consequently,
the effects from the Re-Diversion canal and the St. Stephen facility are effects of the action for
purposes of this consultation.
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Figure 2.2. Dams and hydroelectric stations within the action area. Figure from SCPSA website.
Note: Santee Dam is also referred to as Wilson Dam.

For purposes of this Opinion, the Santee Cooper Project action area is defined by the river and
lake system starting at the confluence of the Congaree and Wateree rivers to the north, includes
both Lake Marion and Lake Moultrie and the diversion canal, and continues through the
hydropower facilities located on Lake Marion and the Santee River (Santee/Wilson Dam), the
Re-Diversion Canal (St. Stephen Project), and the Cooper River (Pinopolis Dam). The dams
prohibit some fish from reaching spawning areas of the Congaree and Wateree rivers, just above
the lakes, which are currently known to be used for spawning by landlocked shortnose sturgeon.
These effects are the basis for extending the action area above the physical boundaries of the
lakes created by the dams. The action area also includes the Santee River from the Santee Dam
and St. Stephen Project south to the ocean coast (where the Santee Coastal Reserve meets the
Atlantic Ocean) and the Cooper River from the Pinopolis Dam extending south to the Charleston
Harbor. The downstream flows in the rivers are affected by the dams, and those flows affect all
species in the rivers.
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3.0
Status of Listed Species and Critical Habitat
The following endangered and threatened species and designated critical habitat under the
jurisdiction of NMFS may occur in or near the action area (Table 3.1 and 3.2).
Table 3.1. ESA-Listed That May Occur in the Action Area and Assessed in this
Consultation
Fish
Shortnose sturgeon
Atlantic sturgeon Carolina distinct
population segment (DPS)
Atlantic sturgeon Chesapeake Bay
distinct population segment (DPS)
Atlantic sturgeon Gulf of Maine
distinct population segment (DPS)
Atlantic sturgeon New York Bight
distinct population segment (DPS)
Atlantic sturgeon South Atlantic
distinct population segment (DPS)

Acipsenser brevirostrum

Endangered

A. oxyrinchus oxyrinchus

Endangered

A. oxyrinchus oxyrinchus

Endangered

A. oxyrinchus oxyrinchus

Threatened

A. oxyrinchus oxyrinchus

Endangered

A. oxyrinchus oxyrinchus

Endangered

Table 3.2. Designated Critical Habitat in the Action Area and Assessed in this
Consultation
Species
Unit(s) and/or Area(s)
Atlantic sturgeon Carolina distinct
population segment (DPS)

Carolina Unit 7

3.1 Species (DPSs) and Designated Critical Habitat Not Likely to be Adversely Affected
Chesapeake Bay, Gulf of Maine, New York Bight, and South Atlantic DPSs of Atlantic Sturgeon
The Chesapeake Bay, Gulf of Maine, New York Bight, and South Atlantic DPSs of Atlantic
sturgeon could occur in the action area, particularly at the Santee River and Cooper River
mouths. However, the action area is not considered normal spawning habitat for these DPSs.
Their presence in the rivers is expected to be an uncommon interruption in their movement up
and down the Atlantic coastline of the continental U.S. That is, they may enter the river mouths
as part of their movement along the coast, but attempts to use the upper river are expected to be
extremely unlikely to occur. The FERC hydroelectric project and associated dams could result
in some increase in sedimentation at the river mouths, which has the potential to adversely affect
these species. However, we expect the sedimentation to be minor in scope/quantity relative to
sturgeon and to have very insignificant effects on any sturgeon foraging (e.g., will not impede it,
nor their movement within or among habitat to feed). Therefore, the project is not likely to
adversely affect these DPSs, and they will not be considered further in this Opinion.
Atlantic Sturgeon Critical Habitat
Critical habitat for the Atlantic sturgeon was finalized in a Federal Register notice dated August
17, 2017 (82 FR 39160). Carolina Unit 7 may be affected by the proposed action.
Carolina Unit 7 includes the Santee River main stem from the Santee Dam downstream to the
fork of the North Santee River and South Santee River tributaries, the Re-Diversion Canal from
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the St. Stephen Powerhouse downstream to the confluence with the Santee River, the North
Santee River from the fork of the Santee River and South Santee River downstream to rkm 0, the
South Santee River from the fork of the Santee River and North Santee River downstream to rkm
0, the Tailrace Canal from Pinopolis Dam downstream to the West Branch Cooper River, the
West Branch Cooper River from the Tailrace Canal downstream to the confluence with the East
Branch Cooper River, and the Cooper River from the confluence of the West Branch Cooper
River and East Branch Cooper River tributaries downstream to rkm 0.

Figure 3.1. Carolina Unit 7
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The physical features essential for the conservation of Atlantic sturgeon belonging to the
Carolina DPS are those habitat components that support successful reproduction and recruitment.
These are:
(1) Hard bottom substrate (e.g., rock, cobble, gravel, limestone, boulder, etc.) in low salinity
waters (i.e., 0.0-0.5 parts per thousand range) for settlement of fertilized eggs and refuge,
growth, and development of early life stages;
(2) Aquatic habitat inclusive of waters with a gradual downstream gradient of 0.5 up to as high
as 30 parts per thousand 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 1.2 meters) to ensure instantaneous flow in the
main channel at all times when any sturgeon life stage would be in the river;
(4) Water quality conditions, especially in the bottom meter of the water column, with
temperature and oxygen values that support:
(i) Spawning;
(ii) Annual and inter-annual adult, subadult, larval, and juvenile survival; and
(iii) Larval, juvenile, and subadult growth, development, and recruitment. Appropriate
temperature and oxygen values will vary interdependently, and depending on salinity in a
particular habitat. For example, 6.0 mg/L dissolved oxygen or greater likely supports juvenile
rearing habitat, whereas dissolved oxygen less than 5.0 mg/L for longer than 30 days is less
likely to support rearing when water temperature is greater than 25 °C. In temperatures greater
than 26 °C, dissolved oxygen greater than 4.3 mg/L is needed to protect survival and growth.
Temperatures of 13 to 26 °C likely support spawning habitat.
(5) Pursuant to ESA section 4(a)(3)(B)(i), critical habitat for the Carolina DPS of Atlantic
sturgeon does not include certain waters of the Cooper River, South Carolina, adjacent to Joint
Base Charleston. These areas are described in 33 CFR 334.460(a)(8)(ii)-(iv), 33 CFR
334.460(a)(9), and 33 CFR 334.460(a)(10).
(6) Pursuant to ESA section 3(5)(A)(i), critical habitat for the Carolina and the South Atlantic
DPSs of Atlantic sturgeon does not include existing (already constructed), as of September 18,
2017, manmade structures that do not provide the physical features such as aids-to-navigation
(ATONs), artificial reefs, boat ramps, docks, or pilings within the legal boundaries of designated
critical habitat.
The issue to be analyzed is whether the proposed action, including the future operation of the
project, may affect the essential features as they are defined in the critical habitat designation.
Hard bottom substrate (e.g., rock, cobble, gravel, limestone, boulder, etc.) in low salinity waters
for settlement of fertilized eggs and refuge, growth, and development of early life stages will
likely remain exactly the same in the Cooper River, as they were on the date critical habitat was
designated in 2017 (these exact conditions were present when designated), and through the
implementation of the NMFS Fishway Prescription (part of the proposed action) habitat
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conditions could improve in the Santee River through spawning habitat restoration and more
regular increased water flow. Water depth would remain the same in the Cooper River and,
under the new flow regime, would increase in the Santee River, increasing depth to
approximately 4 feet in key riffle areas (it is currently less than 4 feet) during certain times of the
year. The proposed action adds no barriers to passage within designated critical habitat
(however, barriers do negatively impact migration of the fish trying to reach areas above the
dams outside the critical habitat). Water quality conditions are expected to remain the same.
The proposed action would have no adverse effects on the critical habitat, and may have
beneficial effects. The proposed action is not likely to adversely affect this critical habitat and it
is considered no further in this Opinion.
3.2 Species Likely to be Adversely Affected
ESA-listed shortnose sturgeon and the Atlantic Sturgeon Carolina DPS may be adversely
affected by the proposed action. The remaining sections of this Opinion will focus on this
species and DPS. The following subsections are synopses of the best available information on
the status of the species and DPS, including information on the distribution, population structure,
life history, abundance, and population trends of each species/DPS and threats to each. The
biology and ecology of these species/DPS as well as their status and trends inform the effects
analysis for this opinion.
Additional information on the status and trends of these listed resources and their biology and
ecology can be found in the listing regulations and critical habitat designations published in the
Federal Register, status reviews, recovery plans, and on these NMFS websites:
https://www.fisheries.noaa.gov/species/shortnose-sturgeon
https://www.fisheries.noaa.gov/species/atlantic-sturgeon
3.2.2

Shortnose Sturgeon

Shortnose sturgeon (Acipenser brevirostrum) were initially listed as an endangered species by
USFWS on March 11, 1967, under the Endangered Species Preservation Act (32 FR 4001).
Shortnose sturgeon continued to meet the listing criteria as “endangered” under subsequent
definitions specified in the 1969 Endangered Species Conservation Act and remained on the list
with the inauguration of the ESA in 1973. NMFS assumed jurisdiction for shortnose sturgeon
from USFWS in 1974 (39 FR 41370). The shortnose sturgeon currently remains listed as an
endangered species throughout all of its range along the east coast of the United States and
Canada. A recovery plan for shortnose sturgeon was published by NMFS in 1998 (NMFS 1998).
Species Description and Distribution
The shortnose sturgeon is the smallest of the 3 sturgeon species that occur in eastern North
America. They attain a maximum length of about 4.5 ft, and a weight of about 55 lbs. Shortnose
sturgeon inhabit large coastal rivers of eastern North America. Although considered an
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anadromous species, 9 shortnose sturgeon are more properly characterized as “freshwater
amphidromous,” meaning that they move between fresh and salt water during some part of their
life cycle, but not necessarily for spawning. Shortnose sturgeon may choose to not leave the
rivers where they were born (“natal rivers”), or can make migrations to different river systems
hundreds of miles away using the ocean. Shortnose sturgeon feed opportunistically on benthic
insects, crustaceans, mollusks, and polychaetes (Dadswell et al. 1984).
Historically, shortnose sturgeon were found in the coastal rivers along the east coast of North
America from the Saint John River, New Brunswick, Canada, to the St. Johns River, Florida, and
perhaps as far south as the Indian River in Florida (Evermann and Bean 1898; Gilbert 1989b).
Currently, the distribution of shortnose sturgeon across their range is disconnected, with northern
populations separated from southern populations by a distance of about 250 miles (400 km) near
their geographic center in Virginia (see Figure 3.2). In the southern portion of the range, they are
currently found in the Edisto and Cooper rivers in South Carolina, the Altamaha and Ogeechee
rivers in Georgia, and Savannah River which borders both South Carolina and Georgia.
Sampling has also found shortnose in the Roanoke River, Albemarle Sound, and Cape Fear
Rivers, while fishers have reported the species in Neuse River and Pamlico Sound (SSSRT
2010). Females bearing eggs have been collected in the Cape Fear River (Moser and Ross
1995a). Spawning is known to be occurring in the Cooper River (Ruddle 2018, SSSRT 2010),
the Congaree River (Collins et al. 2003; Post et al. 2017), and the Pee Dee River (SSSRT 2010).
While it had been concluded that shortnose sturgeon are extinct from the Satilla River in
Georgia, the St. Marys River along the Florida and Georgia border, recent targeted surveys in
both the Satilla (Fritts and Peterson 2010) and St. Marys (Fritts and Peterson 2010; Fox and
Peterson in press) have captured shortnose sturgeon. A single specimen was found in the St.
Johns River by the Florida Fish and Wildlife Conservation Commission during extensive
sampling of the river in 2002 and 2003 (SSSRT 2010).
Life History Information
Shortnose sturgeon populations show clinal variation 10, with a general trend of faster growth and
earlier age at maturity in more southern systems. Fish in the southern portion of the range grow
the fastest, but growth appears to plateau over time. Conversely, fish in the northern part of the
range tend to grow more slowly, but reach a larger size because they continue to grow
throughout their lives. Male shortnose sturgeon mature at 2-3 years of age in Georgia, 3-5 years
of age in South Carolina, and 10-11 years of age in the Saint John River, Canada. Females
mature at 4-5 years of age in Georgia, 7-10 years of age in the Hudson River, New York, and 1218 years of age in the Saint John River, Canada. Males begin to spawn 1-2 years after reaching
sexual maturity and spawn every 1-2 years (Dadswell 1979; Kieffer and Kynard 1996; NMFS
1998). Age at first spawning for females is about 5 years post-maturation with spawning
occurring every 3-5 years (Dadswell 1979). Fecundity of shortnose sturgeon ranges between
approximately 30,000-200,000 eggs per female (Gilbert 1989b).
Adult shortnose sturgeon spawn in the rivers where they were born. Initiation of the upstream
movement of shortnose sturgeon to spawn is likely triggered partially by water temperatures.
9

One that lives primarily in marine waters and breeds in freshwater
A gradual change in a character or feature across the distributional range of a species or population, usually
correlated with an environmental or geographic transition
10
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Shortnose sturgeon captured in 5 coastal river systems of South Carolina all spawned during
temperatures ranging from 5–18°C (Post et al. 2014), which is similar to what has been
documented throughout the range (Duncan et al. 2004; Hall et al. 1991; Kieffer and Kynard
1996; NMFS 1998; Taubert 1980). In the Altamaha River, Georgia, adults began their upstream
migrations during likely spawning runs during the late-winter months when water temperatures
declined to 11.6–16.9 °C (Post et al. 2014). Water depth and flow are also important at
spawning sites (Kieffer and Kynard 1996). Spawning sites are characterized by moderate river
flows with average bottom velocities between 1-2.5 ft (0.4-0.8 m) per second (Hall et al. 1991;
Kieffer and Kynard 1996; NMFS 1998). Shortnose sturgeon tend to spawn on rubble, cobble, or
large rocks (Buckley and Kynard 1985; Dadswell 1979; Kynard 1997; Taubert 1980), timber,
scoured clay, or gravel (Hall et al. 1991). Southern populations of shortnose sturgeon usually
spawn at least 125 miles (200 km) upriver (Kynard 1997) or throughout the fall line 11 zone if
they are able to reach it. Adults typically spawn in the late winter to early spring (as early as
December and as late as April) in southern rivers (i.e., from North Carolina south) and the mid to
late spring in northern rivers. They spend the rest of the year in the vicinity of the
saltwater/freshwater interface (Collins and Smith 1993).
Little is known about YOY behavior and movements in the wild, but shortnose sturgeon at this
age are believed to remain in channel areas within freshwater habitats upstream of the
saltwater/freshwater interface for about 1 year, potentially due to their low tolerance for salinity
(Dadswell et al. 1984; Kynard 1997). Residence of YOY in freshwater is supported by several
studies on cultured shortnose sturgeon (Jarvis et al. 2001; Jenkins et al. 1993; Ziegeweid et al.
2008). In most rivers, juveniles aged 1 and older join adults and show similar patterns of habitat
use (Kynard 1997). In the Southeast, juveniles aged 1 year and older make seasonal migrations
like adults, moving upriver during warmer months where they shelter in deep holes, before
returning to the fresh/saltwater interface when temperatures cool (Collins et al. 2002; Flournoy et
al. 1992). Due to their low tolerance for high temperatures, warm summer temperatures (above
82°F) may severely limit available juvenile rearing habitat in some rivers in the southeastern
United States. Juveniles in the Saint John, Hudson, and Savannah Rivers use deep channels over
sand and mud substrate for foraging and resting (Dovel et al. 1992; Hall et al. 1991; Pottle and
Dadswell 1979).
Status and Population Dynamics
The 1998 shortnose sturgeon recovery plan identified 19 distinct shortnose sturgeon populations
based on natal rivers. Since 1998, significantly more tagging/tracking data on straying rates to
adjacent rivers has been collected, and several genetic studies have determined where coastal
migrations and effective movement (i.e., movement with spawning) are occurring. Genetic
analyses aided in identifying population structure across the range of shortnose sturgeon.
Several studies indicate that most, if not all, shortnose sturgeon riverine populations are
statistically different (p < 0.05) (King et al. 2001; Waldman et al. 2002; Wirgin et al. 2005;
Wirgin et al. 2010; Wirgin et al. 2000). Gene flow is low between riverine populations
indicating that while shortnose sturgeon tagged in one river may later be recaptured in another, it
is unlikely the individuals are spawning in those non-natal rivers. This is consistent with our
knowledge that adult shortnose sturgeon are known to return to their natal rivers to spawn.
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The fall line is the boundary between an upland region of continental bedrock and an alluvial coastal plain,
sometimes characterized by waterfalls or rapids.
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However, Fritts et al. (2016) provide evidence that greater mixing of riverine populations occurs
in areas where the distance between adjacent river mouths is relatively close, such as in the
Southeast.
Aside from genetic differences associated with shortnose sturgeon only spawning in their natal
rivers, researchers have also identified levels of genetic differentiation that indicate high degrees
of reproductive isolation in at least 3 groupings (i.e., metapopulations) (Figure 3.2). Shortnose
sturgeon in the Southeast comprise a single metapopulation, the “Carolinian Province” (Figure
3.2) Wirgin et al. (2010) note that genetic differentiation among populations within the
Carolinian Province was considerably less pronounced than among those in the other 2
metapopulations (i.e., Virginian Province and Acadian Province) and contemporary genetic data
suggest that reproductive isolation among these populations is less than elsewhere. In other
words, the shortnose sturgeon populations within the Carolinian Province are more closely
related to each other, than the populations that make up either the Virginian or Acadian
Provinces.

Figure 3.2. The North American Atlantic coast depicting 3 shortnose sturgeon metapopulations
based on mitochondrial DNA control region sequence analysis (Wirgin et al. 2010).
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The 3 shortnose sturgeon metapopulations should not be considered collectively but as individual
units of management because each is reproductively isolated from the other and constitutes an
evolutionarily (and likely an adaptively) significant lineage. The loss of any metapopulation
would result in the loss of evolutionarily significant biodiversity and would result in a significant
gap(s) in the species’ range. Loss of the southern shortnose sturgeon metapopulation would
result in the loss of the southern half of the species’ range (i.e., there is no known reproduction
south of the Delaware River). Loss of the mid-Atlantic metapopulation (Virginian Province)
would create a conspicuous discontinuity in the range of the species from the Hudson River to
the northern extent of the Southern metapopulation. The northern metapopulation constitutes the
northernmost portion of the U.S. range. Loss of this metapopulation would result in a significant
gap in the range that would serve to isolate the shortnose sturgeon that reside in Canada from the
remainder of the species’ range in the United States. The loss of any metapopulation would
result in a decrease in spatial range, biodiversity, unique haplotypes, adaptations to climate
change, and gene plasticity. Loss of unique haplotypes that may carry geographic specific
adaptations would lead to a loss of genetic plasticity and, in turn, decrease adaptability. The loss
of any metapopulation would increase species’ vulnerability to random events.
The current status of the shortnose sturgeon in the Southeast is variable. Populations within the
southern metapopulation are relatively small compared to their northern counterparts. Table 3.3
shows available abundance estimates for rivers in the Southeast. The Altamaha River supports
the largest known shortnose sturgeon population in the Southeast with successful self-sustaining
recruitment. Total population estimates in the Altamaha show large interannual variation is
occurring; estimates have ranged from as low as 468 fish in 1993 to over 5,550 fish in 2006
(NMFS 1998; Peterson and Bednarski 2013). Abundance estimates for the Ogeechee River
indicate the shortnose sturgeon population in this river is considerably smaller than in the
Altamaha River. The highest point estimate since 1993 occurred in 2007 and resulted in a total
Ogeechee River population estimate of 404 shortnose sturgeon (95% confidence interval [CI]:
175-633) (Peterson and Farrae 2011). However, subsequent sampling in 2008 and 2009 resulted
in point estimates of 264 (95% CI: 126-402) and 203 (95% CI: 32-446), respectively (Peterson
and Farrae 2011), suggesting the population may be declining. Spawning is also occurring in the
Savannah, Cooper, Congaree, and Great Pee Dee Rivers. The Savannah River shortnose
sturgeon population is possibly the second largest in the Southeast with highest point estimate of
the total population occurring in 2013 at 2,432. Those numbers declined in 2014 and 2015,
reaching an estimated 1,390 total individuals in 2015. Animals in the Savannah River face many
environmental stressors and spawning is likely occurring in only a very small area. Spawning
and population status is unknown in the Black, Sampit, Yadkin, and Waccamaw Rivers. The
most recent estimate for the Cooper River is discussed later in this Opinion. Status of the other
riverine populations supporting the southern metapopulation is unknown due to limited survey
effort, with capture in some rivers limited to less than 5 specimens.
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Table 3.3. Shortnose Sturgeon Populations and Their Estimated Abundances
Population (Location)
Cape Fear River (NC)
Winyah Bay (NC, SC)
Santee River (SC)
Cooper River (SC)
ACE Basin (Ashepoo, Combahee,
and Edisto Rivers) (SC)

Savannah River (SC, GA)

Data
Series

1996-1998

Abundance Estimate
(CI)a
>50
Unknown
Unknown
220 (87-301)

Population
Segment
Total

Reference

Adults

Cooke et al. (2004)

1,000 - 3,000

Adults

B. Post, SCDNR
2003; NMFS
unpublished

2013
2014
2015

2,432 (1,025-6,102)
1,957 (1,261-3,133)
1,390 (890-2,257)

Total
Total
Total

Bahr and Peterson
(2017)

1993

361 (326-400)

Total

Unknown

147 (104-249)
Total
404 (175-633)
Total
Peterson and Farrae
264 (126-402)
Total
(2011)
203 (32-446)
Total
2,862 (1,069-4,226)
Total
NMFS 1998
798 (645-1,045)
Total
NMFS 1998
Altamaha River (GA)
468 (316-903)
Total
NMFS 1998
5,551 (2,804–11,304)
Total
(Peterson and
Bednarski 2013)
1,206 (566–2,759)
Total
Satilla River (GA)
N/A
Saint Marys River (FL)
N/A
St. Johns River (FL)
Unknown
Fox et al. (2017)
a
Population estimates (with confidence intervals [CIs]) are established using different techniques and should be
viewed with caution. In some cases, sampling biases may have violated the assumptions of the procedures used or
resulted in inadequate representation of a population segment. Some estimates (e.g., those without CIs or those that
are depicted by ranges only) are the “best professional judgment” of researchers based on their sampling effort and
success.
Ogeechee River (GA)

1999-2000
2007
2008
2009
1988
1990
1993
2006
2009

Rogers and Weber
1994
Fleming et al. (2003)

Annual variation in population estimates in many basins is due to changes in yearly capture rates
that are strongly correlated with weather conditions (e.g., river flow, water temperatures). In
“dry years,” fish move into deep holes upriver of the saltwater/freshwater interface, which can
make them more susceptible to gillnet sampling. Consequently, rivers with limited data sets
among years and limited sampling periods within a year may not offer a realistic representation
of the size or trend of the shortnose sturgeon population in the basin. As a whole, the data on
shortnose sturgeon populations is rather limited and some of the differences observed between
years may be an artifact of the models and assumptions used by the various studies.
Threats
The shortnose sturgeon was listed as endangered under the ESA as a result of a combination of
habitat degradation or loss (resulting from dams, bridge construction, channel dredging, and
pollutant discharges), mortality (from impingement on cooling water intake screens, turbines,
climate change, dredging, and incidental capture in other fisheries), and the inadequacy of
regulatory mechanisms in ameliorating these impacts and threats. The primary threats to the
species today are described below.
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Dams
Dams for hydropower generation, flood control, and navigation adversely affect shortnose
sturgeon habitat by impeding access to spawning, developmental, and foraging habitat,
modifying free-flowing rivers to reservoirs, physically damaging fish on upstream and
downstream migrations, and altering water quality in the remaining downstream portions of
spawning and nursery habitat. Fish passage has not proven very successful in minimizing the
impacts of dams on shortnose sturgeon, as they do not regularly use existing fish passage
devices, which are generally designed to pass pelagic fish (i.e., those living in the water column)
rather than bottom-dwelling species like sturgeon. Dams have separated the shortnose sturgeon
population in the Cooper River, trapping some above the structure while blocking access
upstream to sturgeon below the dam. Telemetry studies indicate that some shortnose sturgeon do
pass upriver through the vessel lock in the Pinopolis Dam on the Cooper River in the Santee
Cooper Lakes (Post et al. 2014). In 2011, 2 tagged shortnose sturgeon used the vessel lock in the
Pinopolis Dam to pass upstream of the dam. One of the sturgeon was still inhabiting the lakes as
of 2013, while the other sturgeon entered Lake Moultrie in March and returned to the Cooper
River in April, either through the Pinopolis Lock or through the turbines at Jefferies Power
Station (Post et al. 2014). Shortnose sturgeon inhabit only Lake Marion, the upper of the 2
reservoirs.
Additional impacts from dams include the Kirkpatrick Dam (aka Rodman Dam) located about
~12.9 km upstream from the St. Johns River, Florida on the Ocklawaha River (the largest
tributary) as part of the Cross Florida Barge Canal. The Ocklawaha River has been speculated as
a spawning area for shortnose sturgeon (SSSRT 2010). The New Savannah Bluff Lock and Dam
located on the Savannah River on the South Carolina and Georgia border also impedes shortnose
sturgeon from accessing upstream shoal areas(SSSRT 2010).
Dredging
Riverine, nearshore, and offshore areas are often dredged to support commercial shipping and
recreational boating, construction of infrastructure, and marine mining. Environmental impacts
of dredging include the direct removal/burial of prey species; turbidity/siltation effects;
contaminant resuspension; noise/disturbance; alterations to hydrodynamic regime and physical
habitat; and actual loss of riparian habitat (Chytalo 1996; Winger et al. 2000). Dredging in
spawning and nursery grounds modifies the quality of the habitat and further restricts the extent
of available habitat in the Cooper and Savannah Rivers, where shortnose sturgeon habitat has
already been modified and restricted by the presence of dams.
Water Quality
Shortnose sturgeon rely on a variety of water quality parameters to successfully carry out their
life functions. Low dissolved oxygen (DO) and the presence of contaminants modify the quality
of sturgeon habitat and, in some cases, restrict the extent of suitable habitat for life functions.
Secor (1995b) noted a correlation between low abundances of sturgeon during this century and
decreasing water quality caused by increased nutrient loading and increased spatial and temporal
frequency of hypoxic (low oxygen) conditions.
Shortnose sturgeon do appear to become more resilient to low levels of DO as they age. Jenkins
et al. (1993) exposed 11-330 day old shortnose sturgeon to a range of DO levels at a static
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temperature of 22.5°C (72.5°F) for 6 hours. DO concentrations of 2.5 mg/L killed 100% of 25day-old fish, 96% of fish 32 days old, and 86% of fish 64 days old but only 12% of the fish older
than 104 days (Jenkins et al. 1993). Jenkins et al. (1993) also reported young fish died at
significantly higher rates for DO concentrations of 3.0 mg/L, while this concentration did not
appear to adversely affect fish >77 days old. They also concluded that regardless of age, groups
exposed to 2.0 mg/L died at significantly higher rates than the control groups (Jenkins et al.
1993).
Campbell and Goodman (2004) investigated the environmental impacts on shortnose sturgeon by
considering the relationship between DO, salinity, and temperature. They conducted tests with
hatchery-produced fish exposed to the ranges of DO, salinity, and temperature, similar to what
might be expected in the southeastern United States coastal river–estuary interfaces during spring
and summer. For 77-day-old fish, they determined the 50% mortality in 24 hours was likely
when exposed to a combination of 2 ppt salinity, a temperature of 25°C (77°F), and a DO level
of 2.7 mg/L. In older fish (104-days-old), a 50% mortality rate in 24 hours occurred with DO
concentrations of 2.2 mg/L at 22°C (71.6°F) and salinities of 4 ppt (Campbell and Goodman
2004). However, even with relatively higher DO concentration (3.1 mg/L), Campbell and
Goodman (2004) reported a 50% mortality rate in 24 hours for 100-day-old fish when
temperature increased to 30°C (86°F), even if the salinity decreased to 2 ppt.
These studies highlight the concern regarding the high occurrence of low DO coupled with high
temperatures in the river systems throughout the range of the shortnose sturgeon in the
Southeast. For example, shallow water in many of the estuaries and rivers in North Carolina and
South Carolina will reach temperatures nearing 30oC in the summer months. Both low flow and
high water temperatures can cause DO levels to drop to less than 3.0 mg/L. Sturgeon are more
sensitive to low DO than other fish species (Niklitschek and Secor 2009a; Niklitschek and Secor
2009b), and low DO in combination with high temperature is particularly problematic.
Water Quantity
Water allocation issues are a growing threat in the Southeast and exacerbate existing water
quality problems. Taking water from one basin and transferring it to another fundamentally and
irreversibly alters natural water flows in both the originating and receiving basins. This transfer
can affect DO levels, temperature, and the ability of the basin of origin to assimilate pollutants
(GWC 2006b). Water quality within the river systems in the range of the shortnose sturgeon is
negatively affected by large water withdrawals. Known water withdrawals of over 240 million
gallons per day are permitted from the Savannah River for power generation and municipal uses.
However, permits for users withdrawing less than 100,000 gallons per day are not required, so
actual water withdrawals from the Savannah River and other rivers within the range of the
shortnose sturgeon are likely much higher. The removal of large amounts of water from the
system alters flows, temperature, and DO. Water shortages and “water wars” are already
occurring in the rivers occupied by the shortnose sturgeon and will likely be compounded in the
future by human population growth and potentially by climate change.
Climate Change
Large-scale factors impacting riverine water quality and quantity that likely exacerbate habitat
threats to shortnose sturgeon include drought, and intra- and inter-state water allocation.
41

Changes in the climate are very likely be associated with more extreme precipitation and faster
evaporation of water, leading to greater frequency of both very wet and very dry conditions. For
example, while annual precipitation in the Southeast has increased by 0.19 inches per decade
since 1950 (NCDC 2019), the southeastern United States has experienced several years of
drought since 2007. During this time, Georgia and South Carolina experienced drought
conditions that ranged from moderate to extreme. Between March 2007 and December 2008,
50-100% of the State of Georgia and the State of South Carolina experienced some level of
drought ranging in intensity from “abnormally dry” to “exceptional,” based on the drought
intensity categories used by the U.S. Drought Monitor (NDMC 2018). That drought was
surpassed just a few years later. Both states again experienced “abnormally dry” to
“exceptional” drought conditions across 50-100% of those states again from September 2010March 2013, experienced “abnormally dry” to “exceptional” drought conditions
https://droughtmonitor.unl.edu/Data/Timeseries.aspx (NDMC 2018). While Georgia has
periodically undergone periods of drought—there have been 6 periods of drought lasting from 27 years since 1903 (Barber and Stamey 2000)—drought frequency appears to be increasing
(Ruhl 2003). Abnormally low stream flows can restrict sturgeon access to important habitats and
exacerbate water quality issues such as reduced DO, and increased water temperature, nutrient
levels, and contaminants.
Long-term observations also confirm changes in temperature are occurring at a rapid rate. From
1895-2018, the average annual temperature in the Southeast has risen 0.1°F per decade. From
1950-2018, the increase triples to 0.3°F per decade (NCDC 2019). Aside from observation,
climate modeling also projects future increases in temperatures in the Southeast. Table 3.4
summarizes the increases projected for the Southeast by the mid-century (2036–2065) and latecentury (2071–2100). These are projections from the Representative Concentration Pathway
(RCP) model scenarios RCP8.5 and RCP4.5, used by the Intergovernmental Panel on Climate
Change (IPCC), relative to average from 1976–2005 (Hayhoe et al. 2017). 12
Table 3.4 Projected Temperature Increase in the Southeast Under Two Model Projections
and Time Series (Hayhoe et al. 2017)
National Climate
Assessment
Region

RCP4.5
Mid-Century
(2036–2065)

RCP8.5
Mid-Century
(2036–2065)

RCP4.5
Late-Century
(2071–2100)

RCP8.5
Late-Century
(2071–2100)

Southeast

3.40°F
(1.89°C)

4.30°F
(2.39°C)

4.43°F
(2.46°C)

7.72°F
(4.29°C)

Shortnose sturgeon are already susceptible to reduced water quality resulting from dams, inputs
of nutrients, contaminants from industrial activities and nonpoint sources, and interbasin
transfers of water. The IPCC projects with high confidence that higher water temperatures and
changes in extremes in the Southeast region, including floods and droughts, will affect water
12

RCPs make predictions based on changes, if any, in future greenhouse gas emissions. Specifically, they evaluate
radiative forcing, or the amount of energy stored at the Earth’s surface in watts/m2. As the amount of greenhouse
gases increases in the atmosphere more energy is trapped, and the number of watts/m2 increases. RCP2.6 and
RCP8.5 represent the lowest and highest radiative scenarios, of 2.6 watts/m2 and 8.5 watts/m2, respectively. RCP4.5
and RCP6.0 assume intermediate levels of radiative forcing.
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quality and exacerbate many forms of water pollution from sediments, nutrients, dissolved
organic carbon, pathogens, pesticides, and salt, as well as thermal pollution, with possible
negative impacts on ecosystems (IPCC 2007).
Sea-level rise is another consequence of climate change; it has already had significant impacts on
coastal areas and these impacts are likely to increase. Since 1852, when the first topographic
maps of the Southeastern United States were prepared, high tidal flood elevations have increased
approximately 12 inches. During the 20th century, global sea level has increased 15 to 20 cm
(NAST 2000). Sea level rise is also projected to extend areas of salinization of groundwater and
estuaries. Some of the most populated areas of this region are low-lying; the threat of saltwater
entering into this region’s aquifers with projected sea level rise is a concern (USGRG 2004).
Saltwater intrusion will likely exacerbate existing water allocation issues, leading to an increase
in reliance on interbasin water transfers to meet municipal water needs, further stressing water
quality. Similarly, saltwater intrusion is likely to affect local ecosystems. Analysts attribute the
forest decline in the Southeast to saltwater intrusion associated with sea level rise. Coastal forest
losses will be even more severe if sea level rise accelerates as is expected as a result of global
warming.
The effects of future climate change will vary greatly in diverse coastal regions for the United
States. Warming is very likely to continue in the United States during the next 25 to 50 years,
regardless of reduction in greenhouse gases, due to emissions that have already occurred (NAST
2000). It is very likely that the magnitude and frequency of ecosystem changes will continue to
increase in the next 25 to 50 years, and it is possible that they will accelerate. A warmer and
drier climate would reduce stream flows and increase water temperatures. Expected
consequences would be a decrease in the amount of DO in surface waters and an increase in the
concentration of nutrients and toxic chemicals due to reduced flushing rate (Murdoch et al.
2000). Because many rivers are already under a great deal of stress due to excessive water
withdrawal or land development, and this stress may be exacerbated by changes in climate,
anticipating and planning adaptive strategies may be critical (Hulme 2005). A warmer, wetter
climate could ameliorate poor water quality conditions in places where human-caused
concentrations of nutrients and pollutants currently degrade water quality (Murdoch et al. 2000).
Increases in water temperature and changes in seasonal patterns of runoff will very likely disturb
fish habitat and affect recreational uses of lakes, streams, and wetlands. Surface water resources
in the Southeast are intensively managed with dams and channels and almost all are affected by
human activities; in some systems water quality is either below recommended levels or nearly
so. A global analysis of the potential effects of climate change on river basins indicates that due
to changes in discharge and water stress, the area of large river basins in need of reactive or
proactive management interventions in response to climate change will be much higher for
basins impacted by dams than for basins with free-flowing rivers (Palmer et al. 2008). Humaninduced disturbances also influence coastal and marine systems, often reducing the ability of the
systems to adapt so that systems that might ordinarily be capable of responding to variability and
change are less able to do so. Because stresses on water quality are associated with many
activities, the impacts of the existing stresses are likely to be exacerbated by climate change.
Within 50 years, river basins that are impacted by dams or by extensive development, like the
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Savannah or Cooper River, will experience greater changes in discharge and water stress than
unimpacted, free-flowing rivers (Palmer et al. 2008).
Dams, dredging, and poor water quality have already modified and restricted the extent of
suitable habitat for shortnose sturgeon spawning and nursery habitat. Changes in water
availability (depth and velocities) and water quality (temperature, salinity, DO, contaminants,
etc.) in rivers and coastal waters inhabited by shortnose sturgeon resulting from climate change
will further modify and restrict the extent of suitable habitat. Effects could be especially harmful
since these populations have already been reduced to low numbers, potentially limiting their
capacity for adaptation to changing environmental conditions (Belovsky 1987; Salwasser et al.
1984; Soulé 1987; Thomas 1990).
Bycatch
Overutilization of shortnose sturgeon from directed fishing caused initial severe declines in
shortnose sturgeon populations in the Southeast, from which they have never rebounded.
Further, continued collection of shortnose sturgeon as bycatch in commercial fisheries is an
ongoing impact. Shortnose sturgeon were caught incidentally in state shad gillnet fisheries
occurring in the Ogeechee (SSSRT 2010) and Altamaha rivers (Bahn et al. 2012) until the
SCDNR closed the commercial fishing in the areas reported to encounter shortnose sturgeon.
The SCDNR has received reports of shortnose captured as bycatch in the Santee River’s
commercial gillnet fishery, however management actions have reduced the bycatch levels.
Shortnose sturgeon are sensitive to bycatch mortality because they are a long-lived species, have
an older age at maturity, have lower maximum reproductive rates, and a large percentage of egg
production occurs later in life. In addition, stress or injury to shortnose sturgeon taken as
bycatch but released alive may result in increased susceptibility to other threats, such as poor
water quality (e.g., exposure to toxins and low DO). This may result in reduced ability to
perform major life functions, such as foraging and spawning, or even post-capture mortality.
As a wide-ranging anadromous species, shortnose sturgeon are subject to numerous federal
(United States and Canadian), state, provincial, and interjurisdictional laws, regulations, and
agencies’ activities. While these mechanisms have addressed impacts to shortnose sturgeon
through directed fisheries, there are currently no mechanisms in place to address the significant
risk posed to shortnose sturgeon from commercial bycatch. Though statutory and regulatory
mechanisms exist that authorize reducing the impact of dams on riverine and anadromous
species, such as shortnose sturgeon, and their habitat, these mechanisms have proven inadequate
for preventing dams from blocking access to habitat upstream and degrading habitat
downstream. Further, water quality continues to be a problem in the historical spawning rivers
along the Atlantic coast, even with existing controls on some pollution sources. Current
regulatory authorities are not necessarily effective in controlling water allocation issues (e.g., no
restrictions on interbasin water transfers in South Carolina, the lack of ability to regulate nonpoint source pollution).

3.2.3

Carolina Distinct Population Segment of Atlantic Sturgeon

Five separate DPSs of Atlantic sturgeon were listed under the ESA by NMFS effective April 6,
2012 (77 FR 5880 and 5914, February 6, 2012). The New York Bight, Chesapeake Bay,
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Carolina, and South Atlantic DPSs were listed as endangered. The Gulf of Maine DPS was
listed as threatened.
Species Description and Distribution
Atlantic sturgeon are long-lived, late-maturing, estuarine-dependent, anadromous fish
distributed along the eastern coast of North America (Waldman and Wirgin 1998).
Historically, sightings have been reported from Hamilton Inlet, Labrador, Canada, south to the
St. Johns River, Florida (Murawski et al. 1977; Smith and Clugston 1997). Atlantic sturgeon
may live up to 60 years, reach lengths up to 14 ft, and weigh over 800 lbs (ASSRT 2007;
Collette and Klein-MacPhee 2002). They are distinguished by armor-like plates (called scutes)
and a long protruding snout that has four barbels (slender, whisker-like feelers extending from
the lower jaw used for touch and taste). Adult Atlantic sturgeon spend the majority of their
lives in nearshore marine waters, returning to the rivers where they were born (natal rivers) to
spawn (Wirgin et al. 2002). Young sturgeon may spend the first few years of life in their natal
river estuary before moving out to sea (Wirgin et al. 2002). Atlantic sturgeon are omnivorous
benthic (bottom) feeders and incidentally ingest mud along with their prey. Diets of adult and
subadult Atlantic sturgeon include mollusks, gastropods, amphipods, annelids, decapods,
isopods, and fish such as sand lance (ASSRT 2007; Bigelow and Schroeder 1953; Guilbard et al.
2007; Savoy 2007). Juvenile Atlantic sturgeon feed on aquatic insects, insect larvae, and other
invertebrates (ASSRT 2007; Bigelow and Schroeder 1953; Guilbard et al. 2007).
The Carolina DPS includes all Atlantic sturgeon that are spawned in the watersheds (including
all rivers and tributaries) from Albemarle Sound southward along the southern Virginia, North
Carolina, and South Carolina coastal areas to Charleston Harbor. The marine range of Atlantic
sturgeon from the Carolina DPS extends from the Hamilton Inlet, Labrador, Canada, to Cape
Canaveral, Florida.
The action area includes the Santee Cooper River Basin. The location of the action means eggs,
larvae, juveniles, subadult, and adults could be affected by the action. While adult Atlantic
sturgeon from all DPSs mix extensively in marine waters, generally adults return to their natal
rivers to spawn. Genetic studies show that fewer than two adults per generation spawn in rivers
other than their natal river (King et al. 2001; Waldman et al. 2002; Wirgin et al. 2000). Young
sturgeon spend the first few years of life in their natal river estuary before moving out to sea.
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Figure 3.3. The Carolina DPS, including the adjacent portion of the marine range.

Life History Information
Atlantic sturgeon are generally referred to as having four size/developmental categories. After
hatching from eggs, the earliest life stage is the yolk sac larval stage. The yolk sac provides
nutrients to the animals until it is completely absorbed; 8-12 days after hatching (Kynard and
Horgan 2002). Animals in this stage are less than four weeks old, with total lengths (TL) less
than 30 millimeters (mm) (Van Eenennaam et al. 1996a). Animals in this phase are in freshwater
and will be located far upstream very near the spawning beds. As those animals grow and absorb
the yolk sac, they enter the YOY phase. YOY are greater than 4 weeks old but less than 1 year,
and generally occur in the natal river. These animals are generally located downstream of the
spawning beds in primarily freshwater, though they can be found in the estuaries. The next life
stage includes juveniles and subadults. There is little morphometric difference between animals
in these stages; they are distinguished by their occurrence within estuarine and marine waters.
The term “juveniles” refers to animals 1 year of age or older that reside in the natal estuary.
Juveniles are generally found in the lower estuaries near the freshwater/saltwater mixing zones
but will move upriver and downriver within the natal estuary to remain in waters most suitable
for their growth and development. As juveniles age and become larger the range of habitat they
can use expands to include a broader salinity range. Once suitably developed, juveniles make
their first emigration from the natal river into the marine environment. There is some evidence to
suggest this out migration of larger juveniles is influenced by the density of younger, lessdeveloped juveniles. Because early juveniles are intolerant of salinity, they are likely unable to
use foraging habitats in coastal waters if riverine food resources become limited. However,
older, more-developed juveniles are able to use these coastal habitats, though they may prefer the
relatively predator-free environments of brackish water estuaries as long as food resources are
not limited (Schueller and Peterson 2010).
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These movements mark the beginning of the subadult stage. Thus, subadults may be found in
the same estuarine areas as juveniles, but also occur in marine waters with adults. The
scientific literature may also refer to animals in this life stage as “late-stage juveniles” or
“marine migrants”. As a group, juveniles and subadults range in size from approximately 3001500 mm TL. However, they are distinguished by differences in their occurrence within
estuarine and marine waters.
Adults are the largest life stage. These are sexually mature individuals of 1500+ mm TL and 5
years of age or older. They may be found in freshwater riverine habitats on the spawning
grounds or making migrations to and from the spawning grounds. They also use estuarine
waters seasonally, principally in the spring through fall and will range widely in marine waters
during the winter. After emigration from the natal estuary, subadults and adults travel within the
marine environment, typically in waters less than 50 m in depth, using coastal bays, sounds,
and ocean waters (Collins and Smith 1997; Dovel and Berggren 1983; Dunton et al. 2010;
Erickson et al. 2011; Laney et al. 2007; Murawski et al. 1977; Savoy and Pacileo 2003; Smith
1985b; Stein et al. 2004; Vladykov and Greely 1963b; Welsh et al. 2002; Wirgin and King
2011).
Atlantic sturgeon populations show clinal variation, with a general trend of faster growth and
earlier age at maturity in more southern systems. Atlantic sturgeon mature between the ages of 5
and 19 years in South Carolina (Smith et al. 1982), between 11 and 21 years in the Hudson River
(Young et al. 1988), and between 22 and 34 years in the St. Lawrence River (Scott and Crossman
1973). Atlantic sturgeon likely do not spawn every year. Multiple studies have shown that
spawning intervals range from 1 to 5 years for males (Caron et al. 2002; Collins et al. 2000b;
Smith 1985b) and 2 to 5 years for females (Stevenson and Secor 1999; Van Eenennaam et al.
1996b; Vladykov and Greely 1963a). Fecundity (number of eggs) of Atlantic sturgeon has been
correlated with age and body size, with egg production ranging from 400,000 to 8,000,000 eggs
per female per year (Dadswell 2006; Smith et al. 1982; Van Eenennaam and Doroshov 1998).
The average age at which 50 percent of maximum lifetime egg production is achieved is
estimated to be 29 years, approximately 3 to 10 times longer than for other bony fish species
examined (Boreman 1997).
Spawning adult Atlantic sturgeon generally migrate upriver in spring to early summer, which
occurs in February-March in southern systems, April-May in Mid-Atlantic systems, and MayJuly in Canadian systems (Bain 1997; Caron et al. 2002; Murawski et al. 1977; Smith 1985b;
Smith and Clugston 1997). Smith et al. (2015) confirmed a fall spawning run in the Roanoke
River, North Carolina; however, they report a spring spawning run is also likely occurring. Fall
spawning runs have also been confirmed in the Edisto and Altamaha rivers, in the South Atlantic
DPS. This suggests that a fall spawn is occurring in a number of southern rivers (Collins et al.
2000b; Ingram and Peterson 2016; McCord et al. 2007; Moser et al. 1998; Rogers and Weber
1995; Weber and Jennings 1996). Spawning is believed to occur in flowing water between the
salt front of estuaries and the fall line of large rivers, when and where optimal flows are 46-76
centimeters (cm) per second and depths are 3-27 meters (m) (Bain et al. 2000; Borodin 1925;
Crance 1987; Leland 1968; Scott and Crossman 1973). Males commence upstream migration to
the spawning sites when waters reach around 6°C (Dovel and Berggren 1983; Smith 1985b;
Smith et al. 1982) with females following a few weeks later when water temperatures are closer
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to 12° or 13°C (Collins et al. 2000a; Dovel and Berggren 1983; Smith 1985b). Atlantic sturgeon
spawning occurs over hard substrate, such as cobble, gravel, or boulders, which the highly
adhesive sturgeon eggs adhere to (Gilbert 1989a; Smith and Clugston 1997).
Hatching occurs approximately 94-140 hours after egg deposition and larvae assume a demersal
existence (Smith et al. 1980). The yolk sac larval stage is completed in about 8-12 days, during
which time the larvae move downstream to rearing grounds (Kynard and Horgan 2002). During
the first half of their migration downstream, movement is limited to night. During the day,
larvae use benthic structure (e.g., gravel and rocks) as refugia (Kynard and Horgan 2002).
During the latter half of migration when larvae are more fully developed, movement to rearing
grounds occurs both day and night. Salinities of 5-10 ppt are known to cause mortality at this
young stage (Bain 1997; Cech and Doroshov 2005; Kynard and Horgan 2002). Juvenile
sturgeon continue to move further downstream into brackish waters, and eventually become
residents in estuarine waters for months or years.
During their first 2 years, juvenile Atlantic sturgeon remain in the estuaries of their natal rivers,
which may include both fresh and brackish channel habitats below the head of tide (Hatin et al.
2007). Upon reaching age 2, juveniles become increasingly salt tolerant and at least some will
begin their outmigration to nearshore marine waters where they will reside as subadults and
non-spawning adults (Bain 1997; Dovel and Berggren 1983; Hatin et al. 2007). By age 5, most
juveniles have likely completed their transition to saltwater; however, as marine migratory
juveniles (i.e., subadults), they are frequently encountered in estuaries of non-natal rivers (Bahr
and Peterson 2016). Migration from the estuaries to the sea is cued by water temperature and
velocity. Adult Atlantic sturgeon will reside in the marine habitat during the non-spawning
season and forage extensively. Coastal migrations by adult Atlantic sturgeon are extensive and
are known to occur over sand and gravel substrate (Greene et al. 2009). Atlantic sturgeon
remain in the marine habitat until the waters begin to warm, at which time ripening adults
migrate back to their natal rivers to spawn.
When in estuarine habitat, juvenile and adult Atlantic sturgeon occupy the upper estuarine
habitat where they frequently congregate around the saltwater/freshwater interface. Estuarine
habitats are important for juveniles, serving as nursery areas by providing abundant foraging
opportunities, as well as thermal and salinity refuges, for facilitating rapid growth. Some
juveniles will take up residency in non-natal rivers that lack active spawning sites (Bain 1997).
Residency time of young Atlantic sturgeon in estuarine areas varies between one and six years
(Schueller and Peterson 2010; Smith 1985b), after which Atlantic sturgeon start their outward
migration to the marine environment.
Status and Population Dynamics
Historical landings data indicate that between 7,000 and 10,500 adult female Atlantic sturgeon
were present in North Carolina prior to 1890 (Armstrong and Hightower 2002; Secor 2002).
Secor (2002) estimates that 8,000 adult females were present in South Carolina during that same
time-frame. At the time of listing, the abundance for each river population within the DPS was
estimated to have fewer than 300 spawning adults; estimated to be less than 3% of what they
were historically (ASSRT 2007).
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NMFS identified 7 rivers/river systems within the Carolina DPS where spawning is likely
occurring (Roanoke; Tar- Pamlico; Neuse; Cape Fear and Northeast Cape Fear; Pee Dee,
Waccamaw, Bull Creek; Black; Santee (although none confirmed as of 2018), and Cooper). We
determined spawning was occurring if YOY were observed, or mature adults were present, in
freshwater portions of a system. However, in some rivers, spawning by Atlantic sturgeon may
not be contributing to population growth because of lack of suitable habitat and the presence of
other stressors on juvenile survival and development. Historically, both the Sampit and Ashley
Rivers in South Carolina may have had spawning populations at one time. Yet, the spawning
population (if it existed) in the Sampit River is believed to be extirpated and the current status of
the spawning population in the Ashley River is unknown. Both rivers may be used as nursery
habitat by young Atlantic sturgeon originating from other spawning populations. This represents
our current knowledge of the river systems likely being used by individuals from the Carolina
DPS for spawning. Fish from the Carolina DPS likely use these and other river systems to fulfill
other specific life functions (e.g., nursery habitat, foraging).
In 2017, the Atlantic States Marine Fisheries Commission (ASMFC) completed an Atlantic
Sturgeon Benchmark Stock Assessment (ASMFC 2017). The purpose of the assessment was to
evaluate the status of Atlantic sturgeon along the U.S. Atlantic coast (ASMFC 2017). The
assessment considered the status of each DPS individually, as well as all 5 DPSs collectively as a
single unit. The assessment determined the Carolina DPS abundance is "depleted" relative to
historical levels. It also determined there is a relatively high probability (67%) that the Carolina
DPS abundance has increased since the implementation of the 1998 fishing moratorium, and a
relatively high probability (75%) the Carolina DPS is still subjected to mortality levels higher
than determined acceptable in the 2017 assessment.
The assessment also estimated effective population sizes (Ne) when possible. Effective
population size is generally considered to be the number of individuals that contribute offspring
to the next generation. More specifically, based on genetic differences between animals in a
given year, or over a given period of time, researchers can estimate the number of adults needed
to produce that level of genetic diversity. Generally, a minimum Ne of 100 individuals is
considered the threshold required to limit the loss in total fitness from in‐breeding depression to
<10%; while an Ne greater than 1,000 is the recommended minimum to maintain evolutionary
potential (ASMFC 2017; Frankham et al. 2014). Ne is useful for defining abundance levels
where populations are at risk of loss of genetic fitness (ASMFC 2017). For the Carolina DPS,
the assessment only reported Ne for the Albemarle Sound. Based on samples collected from 37
individuals from 1998-2008, the assessment estimated an Ne of 14.2 individuals (ASMFC 2017).
While not inclusive of all the spawning rivers in the Carolina DPS, this estimate at least hints
that there is a risk for both inbreeding depression (Ne < 100) and loss of evolutionary potential
(Ne < 1000) in the DPS.
The concept of a viable population able to adapt to changing environmental conditions is critical
to Atlantic sturgeon. Low population numbers of every river population in the Carolina DPS, as
well as low Ne estimates, indicates the DPS is in danger of extinction; none of the river
populations are large or stable enough to provide with any level of certainty for continued
existence of the Carolina DPS. Although the largest impact that caused the precipitous decline
of the species has been restricted (directed fishing), the population sizes within the Carolina DPS
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have remained relatively constant at very reduced levels (approximately 3% of historical
population sizes) for 100 years. Small numbers of individuals resulting from drastic reductions
in populations, such as occurred with Atlantic sturgeon due to the commercial fishery, can
remove the buffer against natural demographic and environmental variability provided by large
populations (Berry 1971; Shaffer 1981; Soulé 1980). Recovery of depleted populations is an
inherently slow process for a late-maturing species such as Atlantic sturgeon, and they continue
to face a variety of other threats that contribute to their risk of extinction. Their late age at
maturity provides more opportunities for individual Atlantic sturgeon to be removed from the
population before reproducing. While a long life span also allows multiple opportunities to
contribute to future generations, it also increases the timeframe over which exposure to the
multitude of threats facing the Carolina DPS can occur.
The viability of the Carolina DPS depends on having multiple self-sustaining riverine spawning
populations and maintaining suitable habitat to support the various life functions (spawning,
feeding, growth) of Atlantic sturgeon populations. Because a DPS is a group of populations, the
stability, viability, and persistence of individual populations affects the persistence and viability
of the larger DPS. The loss of any population within a DPS will result in (1) a long-term gap in
the range of the DPS that is unlikely to be recolonized, (2) loss of reproducing individuals, (3)
loss of genetic biodiversity, (4) potential loss of unique haplotypes, (5) potential loss of adaptive
traits, (6) reduction in total number, and (7) potential for loss of population source of recruits.
The loss of a population will negatively impact the persistence and viability of the DPS as a
whole, as fewer than two individuals per generation spawn outside their natal rivers (King et al.
2001; Waldman et al. 2002; Wirgin et al. 2000). The persistence of individual populations, and
in turn the DPS, depends on successful spawning and rearing within the freshwater habitat, the
immigration into marine habitats to grow, and then the return of adults to natal rivers to spawn.
Threats
Atlantic sturgeon were once numerous along the East Coast until fisheries for their meat and
caviar reduced the populations by over 90 percent in the late 1800s. Fishing for Atlantic
sturgeon became illegal in state waters in 1998 and in waters under federal jurisdiction in 1999.
Dams, dredging, poor water quality, and accidental catch (bycatch) by fisherman continue to
threaten Atlantic sturgeon. The Carolina DPS was listed as endangered under the ESA because
of a combination of habitat restriction and modification, overutilization (i.e., being taken as
bycatch) in commercial fisheries, and the inadequacy of regulatory mechanisms in ameliorating
these impacts and threats.
Dams
Dams for hydropower generation, flood control, and navigation adversely affect Atlantic
sturgeon habitat by impeding access to spawning, developmental, and foraging habitat,
modifying (diverting) free-flowing rivers to reservoirs, physically damaging fish on upstream
and downstream migrations, and altering water quality in the remaining downstream portions of
spawning and nursery habitat. Fish passage devices have shown limited benefit to Atlantic
sturgeon as a means of minimizing impacts of dams because these devices have been historically
designed for salmon and other water-column fish rather than large, bottom-dwelling species like
sturgeon. However, NMFS continues to evaluate ways to effectively pass sturgeon above and
below man-made barriers. For example, large nature-like fishways (e.g., rock ramps) hold
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promise as a mechanism for successful passage. Dams have restricted Atlantic sturgeon
spawning and juvenile developmental habitat by blocking over 60% of the historical sturgeon
habitat upstream of the dams in the Cape Fear and Santee-Cooper River systems. Water quality
(velocity, temperature, and dissolved oxygen [DO]) downstream of these dams, as well as on the
Roanoke River, have been reduced, which modifies and restricts the extent of spawning and
nursery habitat for the Carolina DPS.
Dredging
Riverine, nearshore, and offshore areas are often dredged to support commercial shipping and
recreational boating, construction of infrastructure, and marine mining. Environmental impacts
of dredging include the direct removal/burial of prey species, turbidity/siltation effects,
contaminant resuspension, noise/disturbance, alterations to hydrodynamic regime and physical
habitat, and actual loss of riparian habitat (Chytalo 1996; Winger et al. 2000). According to
Smith and Clugston (1997), dredging and filling impact important habitat features of Atlantic
sturgeon as they disturb benthic fauna, eliminate deep holes, and alter rock substrates. Dredging
in spawning and nursery grounds modifies the quality of the habitat and is further restricting the
extent of available habitat in the Cape Fear and Cooper Rivers, where Atlantic sturgeon habitat
has already been modified and restricted by the presence of dams.
Dredging directly affects sturgeon by entraining them in dredge drag arms and impeller pumps.
Mechanical dredges have also been documented to kill sturgeon. Dickerson (2013) summarized
observed takings of 38 sturgeon from dredging activities conducted by USACE and observed
from 1990-2013: 3 Gulf, 11 shortnose, and 23 Atlantic, and 1 unidentified due to decomposition.
Of the 3 types of dredges included (hopper, clamshell, and pipeline) in the report, most sturgeon
were captured by hopper dredge, though some takes were also noted in clamshell and pipeline
dredges. Notably, reports include only those trips when an observer was on board to document
capture. Additional data provided by USACE indicate another 16 Atlantic sturgeon were killed
by dredging from 2016-2018. To offset the adverse effects associated dredging relocation
trawling is used at times. The USACE has used this technique during dredging at Brunswick
Harbor, Savannah Harbor, Kings Bay, and in the Savannah River channel. Trawling in these
area captured 215 and relocated 215 Atlantic sturgeon from 2016-2018.
Seasonal restrictions on dredging operations have been imposed in some rivers for some species;
from example, a March 16–May 31 prohibition to protect striped bass in the Savannah River.
This spring closure likely benefits sturgeon as well. Seasonal restrictions are also placed on
hopper dredging conducted offshore of Savannah Harbor in the shipping channel to protect sea
turtles. To reduce the impacts of dredging on anadromous fish species, most of the Atlantic
states impose work restrictions during sensitive time periods (spawning, migration, feeding)
when anadromous fish are present.
Water Quality
Atlantic sturgeon rely on a variety of water quality parameters to successfully carry out their life
functions. Low DO and the presence of contaminants modify the quality of Atlantic sturgeon
habitat and in some cases, restrict the extent of suitable habitat for life functions. Secor (1995a)
noted a correlation between low abundances of sturgeon during this century and decreasing
water quality caused by increased nutrient loading and increased spatial and temporal frequency
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of hypoxic (low oxygen) conditions. Of particular concern is the frequent occurrence of low DO
coupled with high temperatures in the river systems throughout the range of the Carolina DPS in
the Southeast. Sturgeon are more sensitive to low DO than other fish species (Niklitschek and
Secor 2009b; Niklitschek and Secor 2009c) and low DO in combination with high temperature is
particularly problematic for Atlantic sturgeon. Studies have shown that juvenile Atlantic
sturgeon experience lethal and sublethal (metabolic, growth, feeding) effects as DO drops and
temperatures rise (Niklitschek and Secor 2005; Niklitschek and Secor 2009b; Niklitschek and
Secor 2009c; Secor and Gunderson 1998). Reductions in water quality from terrestrial activities
have modified habitat utilized by the Carolina DPS. In the Pamlico and Neuse systems, nutrient
loading and seasonal anoxia are occurring, associated in part with concentrated animal feeding
operations (CAFOs). Heavy industrial development and CAFOs have degraded water quality in
the Cape Fear River. Water quality in the Waccamaw and Yadkin-Pee Dee Rivers has been
affected by industrialization and riverine sediment samples contain high levels of various toxins,
including dioxins.
Atlantic sturgeon may be particularly susceptible to impacts from environmental contamination
because they are long-lived, benthic feeders. Sturgeon feeding in estuarine habitats near
urbanized areas may be exposed to numerous suites of contaminants within the substrate.
Contaminants, including toxic metals, polychlorinated aromatic hydrocarbons (PAHs),
organophosphate and organochlorine pesticides, polychlorinated biphenyls (PCBs), and other
chlorinated hydrocarbon compounds can have substantial deleterious effects on aquatic life.
These elements and compounds can cause acute lesions, growth retardation, and reproductive
impairment in fishes (ASSRT 2007; Cooper 1989; Sindermann 1994).
Water Quantity
Water allocation issues are a growing threat in the Southeast and exacerbate existing water
quality problems. Taking water from one basin and transferring it to another fundamentally and
irreversibly alters natural water flows in both the originating and receiving basins, which can
affect DO levels, temperature, and the ability of the basin of origin to assimilate pollutants
(GWC 2006a). Twenty interbasin water transfers in existence prior to 1993, averaging 66.5
million gallons per day (mgd), were authorized at their maximum levels without being subjected
to an evaluation for certification by the North Carolina Department of the Environment and
Natural Resources or other resource agencies. Since the 1993 legislation requiring certificates
for transfers, almost 170 mgd of interbasin water withdrawals have been authorized, with an
additional 60 mgd pending certification. The removal of large amounts of water from the system
will alter flows, temperature, and DO. Existing water allocation issues will likely be
compounded by human population growth and potentially climate change. Climate change is
also predicted to elevate water temperatures and exacerbate nutrient loading, pollution inputs,
and lower DO, all of which are current stressors to the Carolina DPS.
Climate Change
Large-scale factors impacting riverine water quality and quantity that likely exacerbate habitat
threats to Atlantic sturgeon of the Carolina DPS include drought, and intra- and inter-state water
allocation. Changes in the climate are very likely to be associated with more extreme
precipitation and faster evaporation of water, leading to greater frequency of both very wet and
very dry conditions. The Carolina DPS is already susceptible to reduced water quality resulting
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from inputs of nutrients; contaminants from industrial activities, CAFOs, and non-point sources;
and inter-basin transfers of water. The IPCC report projects with high confidence that higher
water temperatures and changes in extremes in this region, including floods and droughts, will
affect water quality and exacerbate many forms of water pollution—from sediments, nutrients,
dissolved organic carbon, pathogens, pesticides, and salt, as well as thermal pollution, with
possible negative impacts on ecosystems (IPCC 2008). In addition, sea level rise is projected to
extend areas of salinization of groundwater and estuaries, resulting in a decrease of freshwater
availability for humans and ecosystems in coastal areas. Some of the most populated areas of
this region are low lying, and the threat of salt water entering into its aquifers with projected sea
level rise is a concern (USGRG 2004). Existing water allocation issues would be exacerbated,
leading to an increase in reliance on interbasin water transfers to meet municipal water needs,
further stressing water quality. Dams, dredging, and poor water quality have already modified
and restricted the extent of suitable habitat for Atlantic sturgeon spawning and nursery habitat.
Changes in water availability (depth and velocities) and water quality (temperature, salinity, DO,
contaminants, etc.) in rivers and coastal waters inhabited by Atlantic sturgeon resulting from
climate change will further modify and restrict the extent of suitable habitat for the Carolina
DPS. Effects could be especially harmful since these populations have already been reduced to
low numbers, potentially limiting their capacity for adaptation to changing environmental
conditions (Belovsky 1987a; Salwasser et al. 1984; Soulé 1987; Thomas 1990).
Bycatch Mortality
Overutilization of Atlantic sturgeon from directed fishing caused initial severe declines in
Atlantic sturgeon populations in the Southeast, from which they have never rebounded. Further,
continued overutilization of Atlantic sturgeon as bycatch in commercial fisheries is an ongoing
impact to the Carolina DPS. Atlantic sturgeon are more sensitive to bycatch mortality because
they are a long-lived species, have an older age at maturity, have lower maximum reproductive
rates, and a large percentage of egg production occurs later in life. Based on these life history
traits, Boreman (1997) calculated that Atlantic sturgeon can only withstand the annual loss of up
to 5 percent of their population to bycatch mortality without suffering population declines.
Mortality rates of Atlantic sturgeon taken as bycatch in various types of fishing gear range
between 0 and 51 percent, with the greatest mortality occurring in sturgeon caught by sink
gillnets. Atlantic sturgeon are particularly vulnerable to being caught in sink gillnets; therefore,
fisheries using this type of gear account for a high percentage of Atlantic sturgeon bycatch.
Little data exists on bycatch in the Southeast and high levels of bycatch underreporting are
suspected. Further, a total population abundance for the DPS is not available, and it is therefore
not possible to calculate the percentage of the DPS subject to bycatch mortality based on the
available bycatch mortality rates for individual fisheries. However, fisheries known to
incidentally catch Atlantic sturgeon occur throughout the marine range of the species and in
some riverine waters as well. Because Atlantic sturgeon mix extensively in marine waters and
may access multiple river systems, they are subject to capture in multiple fisheries throughout
their range. In addition, stress or injury to Atlantic sturgeon taken as bycatch but released alive
may result in increased susceptibility to other threats, such as poor water quality (e.g., exposure
to toxins and low DO). This may result in reduced ability to perform major life functions, such
as foraging and spawning, or even post-capture mortality.
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Stochastic Events
Stochastic events, such as hurricanes, are common throughout the range of Atlantic sturgeon
from the Carolina DPS. These events are unpredictable and their effect on the survival and
recovery of the species in unknown; however, they have the potential to impede the survival and
recovery directly if animals die as a result of them, or indirectly if habitat, is damaged as a result
of these disturbances. For example, in 2018, flooding from Hurricane Florence flushed
significant amounts of organic matter into rivers supporting sturgeon. The DO levels in those
rivers dropped so low (i.e., 0.2 mg/L) that thousands of fish suffocated, including multiple
sturgeon.
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4.0
Environmental Baseline
This section describes the effects of past and ongoing human and natural factors contributing to
the current status of the species, their habitats (including designated critical habitat), and
ecosystem within the action area, without the additional effects of the proposed action. In the
case of ongoing actions, this section includes the effects that may contribute to the projected
future status of the species, their habitats and ecosystems. The environmental baseline describes
a species’ and habitat’s health based on information available at the time of this consultation.
By regulation (50 CFR 402.02), 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
consequences to the listed species or designated critical habitat from ongoing agency activities or
existing agency facilities that are not within the agency’s discretion to modify are part of the
environmental baseline (50 CFR 402.02).
Focusing on the impacts of the activities in the action area specifically allows us to assess the
prior experience and state (or condition) of the endangered and threatened individuals, and areas
of designated critical habitat that occur in an action area, and that will be exposed to effects from
the action under consultation. This is important because, in some states or life history stages, or
areas of their ranges, listed individuals or critical habitat features will commonly exhibit, or be
more susceptible to, adverse responses to stressors than they would be in other states, stages, or
areas within their distributions. These localized stress responses or stressed baseline conditions
may increase the severity of the adverse effects expected from the proposed action.
4.1 Status of Species in the Action Area
Shortnose and Carolina DPS of Atlantic Sturgeon
Relative to historical abundance, the populations of sturgeon within the Santee/Cooper River
System have significantly decreased in number, mostly attributed to overfishing and habitat
modification due to construction of dams. The major rivers along the East Coast historically
supported the largest commercial sturgeon fishery in the South, though no differentiation
between shortnose and Atlantic sturgeon was noted in landings records (NMFS 1998). The
accessibility to, and condition of, habitat throughout the river system continues to be negatively
impacted by dams and is a major negative factor in the species’ current status.
Written accounts document diadromous fish ascending through the entire Santee Basin, clearly
indicating that sturgeon migrated above the fall line to access extensive bedrock, cobble, and
gravel shoal areas in the upper regions that provided high quality spawning habitat (USFWS et
al. 2001). With the completion of the Santee Cooper Diversion Dam and Canal Project in 1942,
anadromous fish migrations were completely confined to the lower 87 miles of the Santee Basin.
While it is difficult to ascertain the number of sturgeon in the basin prior to 1942 and the
construction of the SCPSA Project, there is no doubt the abundance of shortnose sturgeon in the
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Santee Basin has been significantly reduced. Sturgeon were abundant enough to sustain a
fishery within the Santee Basin in the late nineteenth century (Secor 2002). Relative to historical
abundance, the sturgeon population within the Santee Basin has significantly decreased, mostly
attributed to overfishing and habitat modification due to construction of dams. Fisheries for the
shortnose sturgeon closed in 1973 concurrent with the ESA listing.
It is likely that the total number of shortnose sturgeon within the action area is greatly decreased
from historic accounts. The most recent abundance estimate available for the Project area
including the lakes is 516 adult fish in the Santee Cooper River system (B. Post, South Carolina
Department of Natural Resources, pers. comm. to P. Opay, NMFS SERO, March 6, 2018). The
small size of the Santee-Cooper population makes it at greater risk of extinction than a larger
population as several processes affect population dynamics differently in small populations
compared to large (McElhaney et al. 2000). These processes include: 1) deterministic density
effects including depensation (Allee effect) and increased predation; 2) inbreeding resulting in
loss of diversity and accumulation of deleterious mutations; and 3) increased susceptibility to
catastrophic events.
Historically Atlantic sturgeon were abundant enough in South Carolina to support a commercial
fishery with an average catch of 78,864 kg between 1880-1901 (Secor 2002). Landings of
Atlantic sturgeon in South Carolina were greatest just north of the Project area in Winyah Bay
(Secor 2002); harvesting also occurred in both the Cooper and Santee Rivers (Secor 2002).
Based on mean annual harvest levels (1880-1901), abundance of spawning females was
estimated at 8,000 for the state of South Carolina (Secor 2002). South Carolina closed the
Atlantic sturgeon fishery in state waters in 1985. Current abundance estimates for Atlantic
sturgeon are limited. While there is no record of Atlantic Sturgeon Carolina DPS spawning in
the Cooper River below the Pinopolis Dam, spawning size fish have been captured. Efforts to
assess spawning Atlantic sturgeon did not begin until 2015, and only 3 partial seasons of data are
available (due to weather issues). Eight were documented using spawning habitat below the
Pinopolis dam during the fall, all males. No genetic information is available at this point to
assess from which DPS the animals came (E. Waldrop, South Carolina Department of Natural
Resources, pers. comm. to P. Opay, NMFS SERO, August 17, 2018); however, given they were
in spawning habitat NMFS believes they were from the Carolina DPS. Though quantitative
abundance estimates obtained through sampling surveys are not available, NMFS conservatively
estimated that if a spawning population in the Cooper River existed it would be no more than
300 adults spawning per year (77 FR 5914). However, as calculated in section 5.2.3 of this
Opinion, NMFS believes that there only up to 20 spawning size Atlantic Carolina DPS sturgeon
exist that could potentially be entering the Cooper River every year. No spawning is believed to
currently occur in the Santee River or Cooper rivers, likely as a result of insufficient conditions
(e.g., insufficient water flows in the Santee River, and excessive water flows/salt wedge issues
in the Cooper River) to support successful reproduction.
4.2 Factors Affecting Sturgeon within the Action Area
The following examines the past and ongoing human and natural factors actions that have
impacted sturgeon and sturgeon habitat in the action area of this consultation.
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4.2.1. Federal Actions
In recent years, NMFS has undertaken several ESA Section 7 consultations (Table 4.1) to
address the effects of federal actions on shortnose and Atlantic sturgeon in the Santee River
Basin. Because Atlantic sturgeon was listed in 2012 there are few consultation records dealing
with them. Based on consultation history and FERC relicensing schedule, we anticipate requests
for about 100 consultations from activities within the Santee River Basin during the next 50
years, as action agencies are often willing to adopt in-water construction moratoriums that
coincide with diadromous fish spawning seasons.
Table 4.1. Summary of ESA Section 7 consultations for sturgeon conducted in Santee
River Basin 2002-2016.
Date

Area

Project

Action Agency

3/11/2002

Broad River

Columbia Hydroelectric Project

FERC

12/20/2002

Cooper River

Construction of port security
barrier

Navy

2/25/2003

Cooper River

Dredging

Navy

7/22/2004

Lake Marion

Regional water supply project

COE

12/16/2005

Cooper River

Construction of marine container
berth

COE

11/17/2006

Cooper River

Wharf expansion (pile
installation)

Army

10/31/2007

Broad River

Operating license and
construction permit for Virgil C.
Summer Nuclear Station 9

Nuclear Regulatory
Commission

5/17/2007

Cooper River

Fire single charge for Civil War
re-enactment

Bureau of Alcohol,
Tobacco, and Firearms

Ongoing

Santee-Cooper

Re-licensing of the South
FERC
Carolina Public Service Authority
Hydroelectric Project

7/8/2013

Catawba/Wateree Re-licensing of Hydroelectic
Project
Cooper River
Charlestown Harbor Deepening

01/22/2020

5/11/2015

FERC
COE

4.2.1.1. Dredging
Maintenance dredging of Federal navigation channels can adversely affect sturgeon populations
due to their benthic nature. The Cooper River flows into Charleston Harbor, which is one of the
busiest ports on the Atlantic Coast and is dredged regularly up to the Naval Weapons Station at
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about RM 22. No seasonal restrictions are placed on dredging in the Cooper River; however, a
restriction is placed on hopper dredging conducted offshore of Charleston Harbor in the shipping
channel during the summer months. Hopper dredging is only carried out in the entrance channel
in the area (USACE 2014).
Hopper Dredging
Hopper dredges can lethally harm sturgeon directly by entraining sturgeon in dredge drag arms
and impeller pumps. Historically, hopper dredging in the entrance channel to the Port of
Charleston has taken 2 Atlantic sturgeon and 1 unidentified sturgeon (1991 through 2017 data
from the Sea Turtle Data Warehouse: http://el.erdc.usace.army.mil/seaturtles/ and Operations
and Dredging Endangered Species System:.http://dqm.usace.army.mil/odess/). However,
observers participate in only a fraction of the dredging activities and are present to record
interactions with sea turtles. We expect that the reported number of sturgeon impacted by
dredging in Charleston Harbor is underestimated.
Non-Hopper-type Dredging
NMFS has previously determined that while oceangoing hopper-type dredges may lethally
entrain protected species, non-hopper type dredging methods (e.g., clamshell or bucket dredging,
cutterhead dredging, pipeline dredging,) are slower and unlikely to overtake or adversely affect
them. Dredging projects may affect sturgeon by injury or death as a result of interactions with
equipment or materials used during dredging; however, NMFS believes the chance of injury or
death from interactions with clamshell and/or hydraulic dredging equipment is extremely
unlikely to occur as these species are highly mobile and are likely to avoid the areas during
construction. For example, available data for takes of sturgeon by mechanical and hydraulic
cutterhead dredges showed none observed in the Charleston area (1991 through 2013 data from
the Sea Turtle Data Warehouse: http://el.erdc.usace.army.mil/seaturtles/).
Dredging Related Habitat impacts
Dredging activities can pose significant impacts to aquatic ecosystems by removing, disturbing,
disposing, and re-suspending bottom sediments, modifying substrate type, and impacting the
community structure of benthic macrofauna. Environmental impacts of dredging include the
following: (1) direct removal/burial of organisms; (2) turbidity/siltation effects; (3) contaminant
resuspension; (4) noise/disturbance; (5) alterations to hydrodynamic regime and physical habitat;
and (6) loss of riparian habitat (Chytalo 1996; Winger et al. 2000). Dredging operations may
impact sturgeon by destroying benthic feeding areas, disrupting spawning migrations, altering
local hydrology, and resuspending fine sediments in habitat that covers required substrate.
Because sturgeon are benthic omnivores, the modification of the benthos from dredging
activities in the action are has likely affected the quality, quantity and availability of sturgeon
prey species.
4.2.1.2. Sturgeon Research
The ESA allows the issuance of permits to take ESA-listed species for the purposes of scientific
research (Section 10(a)(1)(A)). In addition, the ESA allows for NMFS to enter into cooperative
agreements with states developed under Section 6 of the ESA, to assist in recovery actions of
listed species. Prior to issuance of these authorizations, the proposal must be reviewed for
compliance with Section 7 of the ESA.
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Authorization of research and enhancement activities on shortnose and Atlantic sturgeon is
established through the issuance of an ESA Section 10(a)(1)(A) permit. The current permits and
specific stressors to fish in the action area subject to NMFS-issued ESA permit conditions are
listed in Table 4.2 and Table 4.3.
Table 4.2. Shortnose sturgeon research permits authorized for research activities utilizing
wild fish under ESA section 10 (a)(1)(A) permits. ELS = early life stage.
Permit No.

Location

Authorize
d Take

Objectives and Research Activities

20528
South Carolina
DNR

Santee River

50
adult/juv.

Expires:
3/31/2027

(2 lethal),

20528

70
adult/juv.

South Carolina
DNR Expires: :
3/31/2027

Cooper River

(2 lethal)
50 ELS

1) River Survey and 2) Genetics: Capture,
handling, netting, measure, weigh, PIT and external
tag, genetic tissue sample, telemetry acoustic tag,
aging, gonadal biopsy,

1) River Survey and 2) Genetics: Capture,
handling, netting, measure, weigh, PIT and external
tag, genetic tissue sample, telemetry acoustic tag,
aging, gonadal biopsy, collect ELS

Table 4.3. Atlantic sturgeon – Carolina DPS research permits authorized for research
activities utilizing wild fish under ESA section 10 (a)(1)(A) permits. ELS = early life stage.
Permit No.

Location

Authorize
d Take

Objectives and Research Activities

20528
South Carolina
DNR

Santee River

(2 lethal)

Expires:
3/31/2027

20528

100
adult/juv.

Cooper River

50
adult/juv.
(2 lethal),

1) River Survey and 2) Genetics: Capture,
handling, netting, measure, weigh, PIT and external
tag, genetic tissue sample, telemetry acoustic tag,
aging, gonadal biopsy,

1) River Survey and 2) Genetics: Capture,
handling, netting, measure, weigh, PIT and external
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South Carolina
DNR Expires: :
3/31/2027

50 ELS

tag, genetic tissue sample, telemetry acoustic tag,
aging, gonadal biopsy, collect ELS

4.2.2. State or Private Actions
A number of state or private activities that may directly or indirectly affect shortnose and
Atlantic sturgeon in the action area include impacts from fisheries, wastewater systems,
stormwater systems, and residential or commercial developments adjacent to waterways. Given
the lack of monitoring and reporting of impacts associated with these activities, the direct and
indirect impacts are difficult to quantify.
4.2.2.1. Fisheries
The ESA listings of sturgeon as endangered prohibits the direct harvest of shortnose and Atlantic
sturgeon. However, shortnose and Atlantic sturgeon are taken incidentally in other fisheries
occurring within state fisheries that deploy nets, and these species are likely targeted by poachers
throughout their range (Dadswell 1979, Dovel et al. 1992, Collins et al. 1996). Impacts from
poaching are unknown.
The incidental capture of sturgeons in the South Carolina gillnet fishery for American shad
(Alosa sapidissima) and the trawl fishery for penaeid shrimp (Penaeus spp.) was summarized by
(Collins et al. 1996). Collins et al. (Collins et al. 1996) reported the commercial shad fishery
was active from approximately mid-January through mid-April along the south Atlantic coast;
sturgeons captured in the shad gillnet fishery were primarily adults; and shortnose sturgeon were
rarely captured in the shrimp trawl fishery. Entanglement of sturgeon in gillnets can result in
injury and mortality, reduced fecundity, and delayed or aborted spawning migrations of sturgeon
(Moser and Ross 1993), (Moser and Ross 1995b), (Weber 1996), (Collins et al. 2000a), (Moser
2000). It is now illegal to fish for shad in areas of highest recorded bycatch (B. Post, South
Carolina Department of Natural Resources, pers. comm. to P. Opay, NMFS SERO, June 25,
2018).
Mandatory reporting of sturgeon bycatch was initiated in 2000 by the Atlantic States Marine
Fisheries Commission (ASMFC). According to their data, between 2000 and 2015 the average
annual bycatch of shortnose and Atlantic sturgeon reported by the commercial shad fishery was
approximately 5.8 shortnose sturgeon and 92 Atlantic sturgeon (Carolina DPS). In most cases,
shortnose sturgeon and Atlantic sturgeon captured as bycatch in the shad gillnet fishery are
returned to the river unharmed; survival is expected to be greater early in the shad season when
waters are cooler. In 2013, changes in law were enacted to help ensure fewer sturgeon are
caught, and that any sturgeon captured would occur during months with cooler water
temperatures, increasing survival (B. Post, South Carolina Department of Natural Resources,
pers. comm. to P. Opay, NMFS SERO, June 25, 2018). Bycatch in commercial catfish traps and
trotlines in the Congaree River, as well as in the recreational hook-and-line fishery in Lake
Marion, have also been documented. Poaching is likely another fishing threat and may be more
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prevalent where legal markets for sturgeon exist from imports, commercial harvest, or
commercial culture; impacts from poaching to individual population segments are unknown.
4.2.2.2. Dams
Dams and their operations are the cause of major instream flow alteration in the Southeast
(USFWS et al. 2001). Hill (1996) identified the following impacts of altered flow to
anadromous fishes by dams: (1) altered DO concentrations and temperature; (2) artificial
destratification; (3) water withdrawal; (4) changed sediment load and channel morphology; (5)
accelerated eutrophication and change in nutrient cycling; and (6) contamination of water and
sediment. Activities associated with dam maintenance, such as dredging and minor excavations
along the shore, can release silt and other fine river sediments which can be deposited in nearby
spawning habitat. Dams may reduce the viability of sturgeon populations by removing freeflowing river habitat. Seasonal deterioration of water quality can be severe enough to kill fish in
deep storage reservoirs that receive high nutrient loadings from the surrounding watershed
(Cochnauer 1986). Important secondary effects of altered flow and temperature regimes include
decreases in water quality, particularly in the reservoir part of river segments, and changes in
physical habitat suitability, particularly in the free-flowing part of river segments or areas
downstream. The most commonly reported factor influencing year-class strength of sturgeon
species is flow during the spawning and incubation period (Jager et al. 2002).
The Santee River Basin is geographically segmented by about 50 dams on the mainstem rivers
(USFWS et al. 2001). These dams dictate distribution of diadromous fishes throughout the basin
as they impede or impair upstream and/or downstream movement. The lowermost dams block
access to the basin and historical sturgeon spawning areas and blocks dam-locked sturgeon from
accessing foraging areas at the freshwater/saltwater interface.
The Santee Cooper project (and associated dams) has altered the environmental baseline in the
action area (and in a negative manner for the species considered in this consultation). Between
1943 and 1985, most of the natural flow of the Santee River was diverted into Lake Moultrie and
discharged into the Cooper River. This diversion resulted in severe silting in the Cooper River
and Charleston Harbor during that period. To alleviate this problem, in 1985 the USACE
constructed another canal to redivert water from Lake Moultrie back into the Santee River. The
normal operation of Lake Moultrie releases a daily average of 4,500 cubic feet per second (cfs)
into the Cooper River—enough to keep the salinity of the river low—and returns the remainder
of its discharge—on average about 10,000 cfs—to the Santee River.
Prior to diversion, saline conditions extended ~18 miles up the Cooper River from the mouth of
Charleston Harbor and a distinct salt wedge extended upstream ~ 9 miles (Mathews and Shealy
1978; Mathews and Shealy 1982). Following rediversion, saline waters extended approximately
31 miles up the Cooper River, with salinities primarily controlled by tidal stage rather than
seasonal freshwater flow. Since rediversion, the lower fresh water discharge rate has eliminated
much of the seasonal variability previously reported (Davis et al. 1990). Because of these
reductions in flow and increases in salinity, the quality of habitat below the Pinopolis is less than
ideal and is not believed to support viable sturgeon spawning.
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Additionally, the Santee Cooper operations covered by the relicensing have negatively affected
passage of sturgeon up stream to spawning habitat, and downstream to foraging habitat. These
issues remain and are discussed in greater length later in this Opinion.
4.2.3. Other Potential Sources of Impacts in the Environmental Baseline
Climate Change/Sea Level Rise
Long-term observations confirm that climate change is occurring at a rapid rate. Over the 20th
century, the average annual U.S. temperature has risen by almost 0.6oC (1oF) and precipitation
has increased nationally by 5-10 percent, mostly due to an increase in heavy downpours (NAST
2000). These trends are most apparent over the past few decades.
Sea-level rise (SLR) is one of the more certain consequences of climate change; it has already
had significant impacts on coastal areas and these impacts are likely to increase, potentially
affecting the river basin of the action area. Since 1852, when the first topographic maps of the
southeastern United States were prepared, high tidal flood elevations have increased
approximately 12 inches (NAST 2000). During the 20th century global sea level has increased
15 to 20 cm (NAST 2000). Analysts attribute the forest decline in the Southeast to salt water
intrusion associated with sea level rise with coastal forest losses even more severe if sea-level
rise accelerates as is expected as a result of global warming (NAST 2000). Between 1985 and
1995, more than 32,000 acres of coastal salt marsh were lost in the southeastern U.S. due to a
combination of human development activities, SLR, natural subsidence, and erosion (NAST
2000).
There is a large and growing body of literature on past, present, and future impacts of global
climate change. The effects of changes in water quality (temperature, salinity, DO,
contaminants, etc.) in rivers and coastal waters inhabited by sturgeon are expected to be more
severe for those populations that occur at the southern extreme of the sturgeon’s range (e.g., the
action area), and in areas that are already subject to poor water quality as a result of
eutrophication. The action area is within a region that is likely experiencing negative climate
effects from climate change. Sturgeon are already susceptible to reduced water quality resulting
from various factors: inputs of nutrients; contaminants from industrial activities and non-point
sources; and interbasin transfers of water and climate change is likely exacerbating the
challenges to sturgeon. Still, more information is needed to better determine the full and entire
suite of past and ongoing impacts of climate change on sturgeon in the action area.
Drought
Large-scale factors impacting riverine water quality and quantity that likely exacerbate habitat
threats to sturgeon include drought and intra- and inter-state water allocation. Since 2007 the
southeastern United States has experienced several years of drought. During this time, South
Carolina experienced drought conditions that ranged from moderate to extreme (SCSCO 2008).
Meanwhile, water allocation issues are increasing with population growth.
Abnormally low stream flow can restrict access to habitat areas, reduce thermal refugia, and
exacerbate water quality issues such as high temperature, low DO, and elevated nutrient and
contaminant levels. Further reduction in flow would likely disrupt spawning cues, and upstream
migration may occur earlier; a disparity between prey availability and demand by larvae could
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ensue. Human-induced modifications to free-flowing rivers also influence coastal and marine
systems, often reducing the ability of the system to adapt to natural variability and change.
Drought and water allocation issues and their associated impacts on water quality are likely
working synergistically with climate change impacts in the Santee River Basin. During the 20th
century, global sea level has increased 15 to 20 cm, and between 1985 and 1995 more than
32,000 acres of coastal salt marsh were lost in the southeastern United States due to a
combination of human development activities, sea level rise, natural subsidence and erosion.
The saltwater/freshwater interface is currently far enough upstream that it is affecting the
survival of drifting larvae and constricting available foraging habitat, well below the Action Area
dams.
Water Quality
Wilhelm et al. (1998) identified the following water-quality issues as high priority, regional-scale
issues of concern in the Santee River Basin: (1) enrichment by nitrogen and phosphorus that has
caused algal populations to increase; (2) sediment erosion due to agricultural practices of the 19th
and 20th centuries; (3) runoff from urban areas that transport trace elements and synthetic organic
compounds; (4) pesticides and nutrients that can contaminate surface and ground water; and (5)
mercury presence in elevated concentrations in fish that inhabit the basin. Feaster and Conrads
(2000) also identified point and non-point sources of bacterial contamination in the Santee River
Basin.
Point sources within the Santee River Basin are from both municipal and industrial discharges.
Non-point sources are from agricultural sources (animal waste, application of manure and biosolids to fields, and crop irrigation from contaminated storage ponds), urban/residential (failed
waste-disposal systems, pet waste, litter, landfill leakage), recreational (direct discharge of
marine-craft sewage), and wildlife waste.
Twenty-eight pesticides were detected in USGS-monitored surface-water stations from 1973-93:
5 herbicides and 23 insecticides. Pesticides are used on a regular basis for agricultural,
commercial, and domestic protection of plants, woods, soil, and to control the growth of certain
vegetation. Each of these applications is a potential source of pesticide entry into the Santee
River Basin.
Waterborne contaminants may affect the aquatic environment. Issues such as raised fecal
coliform and estradiol concentrations affect all wildlife that utilize riverine habitat. The impact
of many of these waterborne contaminants on sturgeon is unknown, but they are known to affect
other species of fish in rivers and streams. These compounds may enter the aquatic environment
via wastewater treatment plants, agricultural facilities, as well as runoff from farms (Folmar et al.
1996, Culp et al. 2000, Wildhaber et al. 2000, Wallin et al. 2002) and settle to the bottom,
therefore affecting benthic foragers to a greater extent than pelagic (Geldreich and Clarke 1966).
For example, estrogenic compounds are known to affect the male to female sex ratio of fish in
streams and rivers via decreased gonadal development, physical feminization, and sex reversal
(Folmar et al. 1996). Although the effects of these contaminants are unknown in shortnose and
Atlantic sturgeon, Omoto et al. (2002) found that varying the oral doses of estradiol-17β or 17α
methyltestosterone given to captive hybrid “bester” sturgeon (Huso huso female × Acipenser
ruthenus male) could induce abnormal ovarian development or a lack of masculinization. These
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compounds, along with high or low DO concentrations, can result in sub-lethal effects that may
have negative consequences on small populations.
4.2.4. Conservation Activities Benefitting Sturgeon in the Action Area
NMFS finalized the Recovery Plan for the shortnose sturgeon in 1998. The Recovery Plan
identified 19 discrete populations of shortnose sturgeon: both the Santee and Cooper River
populations were determined to be discrete (NMFS 1998). The 1998 Shortnose Sturgeon
Recovery Plan also identified four main recovery actions: establish listing criteria for shortnose
sturgeon population segments; protect shortnose sturgeon and their habitats; rehabilitate
shortnose sturgeon populations and habitats; and implement recovery tasks. To rehabilitate
shortnose sturgeon habitats and population segments, the Recovery Plan specifically calls for
actions to restore access to habitats, spawning habitat and conditions, and foraging habitat.
Atlantic sturgeon have historically been managed under a Fishery Management Plan
implemented by the ASMFC. In 1998, the ASFMC instituted a coast-wide moratorium on the
harvest of Atlantic sturgeon, which was to remain in effect until there are were least 20 protected
age classes in each spawning stock (anticipated to take up to 40 or more years). NMFS followed
the ASMFC moratorium with a similar moratorium for Federal waters. Amendment 1 to
ASMFC's Atlantic sturgeon Fishery Management Plan also includes measures for preservation of
existing habitat, habitat restoration and improvement, monitoring of bycatch and stock recovery,
and breeding/stocking protocols. Atlantic Sturgeon DPSs were placed on the Endangered
Species List in February, 2012 (77 FR 5880 and 5419). The listing was effective April 6, 2012,
and provides protections for the Carolina DPS, including prohibitions against take. NMFS has
not yet drafted a Recovery Plan. However, a Recovery Outline exists (and is discussed in section
7 of this Opinion). Critical habitat was designated on August 17, 2017 (82 FR 39160), and will
ensure Federal agencies carefully assess and minimize the impacts of their actions on the critical
habitat.
Through ESA Section 6 cooperative agreements, NMFS has funded shortnose and Atlantic
sturgeon research projects within the South Atlantic region to obtain the best available
information to investigate life history and effects of existing project operations.
Shortnose sturgeon were added to the International Union for Conservation of Nature and
Natural Resources (IUCN) Red List in 1986 as vulnerable. Shortnose sturgeon remain listed by
the IUCN as vulnerable based in part on an estimated range reduction of greater than 30% over
the past 3 generations, irreversible habitat losses, effects of habitat alteration and degradation,
degraded water quality, and extreme fluctuations in the number of mature individuals between
rivers. Shortnose sturgeon are listed in Appendix I under CITES. Appendix I species are
considered threatened by extinction and trade is permitted only in exceptional circumstances.
Atlantic sturgeon are listed under Appendix II. Appendix II includes species in which trade must
be controlled in order to avoid utilization incompatible with their survival.
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5.0
Effects of the Action
Regulations implementing section 7(a)(2) of the ESA require biological opinions to evaluate the
direct and indirect effects of federal actions to determine if it would be reasonable to expect them
to appreciably reduce listed species’ likelihood of surviving and recovering in the wild by
reducing their reproduction, numbers, or distribution (16 U.S.C. 1536; 50 CFR 402.02). The
term “species” includes any subspecies of fish or wildlife or plants, and any distinct population
segment (DPS) of any species of vertebrate fish or wildlife which interbreeds when mature.
Section 7 of the ESA and its implementing regulations also require (as applicable) biological
opinions to determine if federal actions would appreciably diminish the value of critical habitat
for the conservation of listed species (16 U.S.C. 1536; 50 CFR 402.02).
In this section of the Opinion we assess the effects of the proposed action on ESA-listed
shortnose sturgeon and Carolina DPS Atlantic sturgeon. As discussed in section 2 of this
Opinion, effects of the action are 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. 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 (50 CFR 402.02). As discussed earlier in this Opinion, NMFS acknowledges that
facilities constructed as part of the Cooper River Re-Diversion Project (CRRP) (i.e., ReDiversion Canal, and the St. Stephen facility comprised of an 84-MW hydroelectric station, dam,
and a fish passage facility) are not part of the FERC-licensed Project #199. However, these
facilities and their operations meet the criteria for inclusion as effects of the action, and their
effects must be considered in this consultation on re-licensing of Project #199.
Section 9 of the ESA prohibits activities that "take" any endangered species within the United
States or its territorial sea. 16 U.S.C. § 1538(a)(1)(B). "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). NMFS has defined "harm" to 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 C.F.R. § 222.102. NMFS has also explained that habitat modification
that significantly impairs essential behaviors constitutes injury and thus constitutes "take." 64
Federal Register 60727, 60728 (November 8, 1999).
Conservative Decisions- Providing the Benefit of the Doubt to the Species
The analysis in this section is based upon the best available commercial and scientific data on
sturgeon, sturgeon habitat, and the effects of the proposed action. In those instances where
available information is equivocal, in keeping with the direction from the U.S. Congress to
provide the “benefit of the doubt” to threatened and endangered species [House of
Representatives Conference Report No. 697, 96th Congress, Second Session, 12 (1979)], we will
make determinations which provide the most conservative (conservation oriented) outcome for
listed species.
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5.1 Stressors
In order to assess the effects of the proposed action, we must first identify the “stressors” or
components of the action that could adversely affect the species that are the subject of this
consultation. The proposed action would subject the species to the following activities that could
adversely affect them: 1) presence and operation of the dams (and the associated effects from
impediments to migration to spawning/foraging habitat, injury at dams/locks/overflows, and poor
water quality and quantity affecting fish/habitat); and 2) NMFS’ and USFWS’ Fishway
Prescriptions. In our Draft Biological Opinion (NMFS 2010), we erroneously failed to consider
either NMFS’ or USFWS’ Section 18 Fishway Prescriptions as part of the action proposed by
FERC, based on statements from FERC that we misinterpreted as suggesting the prescriptions
would not be mandatory conditions of a new license. Thus, in this second draft Opinion, we
evaluate the effects of implementing both fishway prescriptions on both species of sturgeon.

5.2 Exposure
Exposure analyses identify the co-occurrence of ESA-listed species with the actions’ stressors
and the routes of potential effects posed by each stressor in space and time, and identify the
nature of that co-occurrence. The analyses identify, as possible, the number, age or life stage,
and gender of the individuals likely to be exposed to the actions’ effects and the population(s) or
subpopulations(s) those individuals represent. Shortnose sturgeon and Carolina DPS Atlantic
sturgeon animals of both genders and multiple age classes could be exposed to stressors
associated with the proposed action. Adult male and female shortnose sturgeon spawners,
juveniles, and larva above the dams are potentially adversely affected. Below the dams, adult
male and female shortnose sturgeon spawners are potentially adversely affected (no Atlantic
sturgeon spawning has been confirmed below any of the dams), and Atlantic sturgeon adults are
subject to interaction with the Pinopolis lock. Foraging fish of both species could be affected by
water conditions in the Santee River.
Below, we estimate the number of each species that is likely to be incidentally taken/affected in
the future, based upon the best available scientific and commercial information.
5.2.1 Presence and Operation of Dams- Impediment to Migration Upstream
(Reproduction)
Spawning fish are affected by being denied access to habitat above the proposed action’s dams.
Both shortnose and Atlantic sturgeon have been captured by researchers or detected by acoustic
arrays in the Santee-Cooper River system. Based on the best available information,
approximately 229 spawning adult shortnose sturgeon inhabit waters below the Pinopolis Dam in
the Cooper River (B. Post, South Carolina Department of Natural Resources, pers. comm. to P.
Opay, NMFS SERO, March 6, 2018). This is an estimate or approximation of the population
based on a limited number of years of sampling data. Based on the most current information
available, no shortnose sturgeon are known to spawn in the Santee River. Therefore, NMFS
expects 229 spawning fish exist below the Pinopolis Dam in the Cooper River and below the
Santee and St. Stephen Dams in the Santee River, combined. No data currently support any
evidence of Carolina DPS Atlantic Sturgeon spawning in the Lower Santee River (B. Post, South
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Carolina Department of Natural Resources, pers. comm. to A. Herndon NMFS SERO, March 13,
2018). Additionally, there is no record of Carolina DPS Atlantic Sturgeon spawning in the
Cooper River below the Pinopolis Dam. Though quantitative abundance estimates obtained
through sampling surveys are not available, in the Atlantic sturgeon DPS listing rule, we
conservatively estimated that if a spawning population in the Cooper River existed it would be
no more than 300 adults spawning per year (77 FR 5914). However, this was an inexact
estimate, a “not more” than number, and did not expressly state that spawning was occurring.
SCDNR did not begin efforts to assess potential Atlantic sturgeon spawning in the Cooper River
until 2015, and all 3 seasons were cut short due to extreme weather. This very limited research
documented 8 different fish using the spawning habitat below the Pinopolis dam during the fall,
but no spawning was detected. All were males, and 2 of the fish returned in 1 or 2 consecutive
years (E. Waldrop, South Carolina Department of Natural Resources, pers. comm. to P. Opay,
NMFS SERO, August 16, 2018). Additionally, in 2016, a tagged adult Atlantic sturgeon
managed to pass above the Pinopolis Dam, and for several months wandered around the area
above the dam (e.g., Lake Moultrie). SCDNR researchers monitored the movement and
behavior of the animal and it made no attempt to move to spawning habitat further up the river
system (the animal was eventually captured and moved back to the river system below the
dams).
The Pinopolis Navigation Lock does not provide sturgeon an effective, reliable mode to move
upstream from the Cooper River into Lakes Moultrie and Marion given the 46-ft upper sill
(Cooke and Coale 1996 and 1997, Cooke et al. 2002, FEIS 2007). Additionally, there is
insufficient associated current or water flow through the lock to help guide sturgeon toward the
exit. Some sturgeon have passed through the lock (e.g., 2 shortnose sturgeon in 2011).
However, telemetry studies indicate that while shortnose sturgeon readily enter the Pinopolis
Lock, they have great difficulty passing upstream (Cooke and Coale 1996, Cooke and Coale
1997). One fish entered the lock over 100 times and was recorded in the lock during 14 locking
operations (Cooke and Coale 1996). Results from about 50 fish indicated that the shortnose
sturgeon that spawned in the tailrace (downriver) of the Pinopolis Dam did not pass upriver from
the Cooper River through the vessel lock into Lake Moultrie, probably because of the sill (Cooke
et al. 2002).
Currently no sturgeon can migrate upstream in the Santee River and pass into Lake Marion as
there is no passage at Santee Dam, even if other conditions allowed fish to migrate up the
bypassed reach. No spawning of either species has been detected in this river; however, if the
shortnose sturgeon that are prohibited from moving upstream by the Pinopolis Dam were to try
to use the Santee River to move to spawning habitat above the dams, they would not be able to
do so either.
While a fish passage facility is available at St. Stephen, it was designed for pelagic species
resulting in very low to non-existent sturgeon passage (Cooke et al. 2005). Fish enter the lift via
a long entrance on the downstream side of the dam. A gate closes behind the fish and drives
them into the lock chamber. The lift is then flooded to lake level, and a slowly lifted basket (i.e.,
brail basket) prompts fish to swim up and out of the lift chamber. Fish exiting the lift toward the
lake system pass by a viewing window where they can be identified and counted. The St.
Stephen Fish Lift (Fig. 5.1) currently passes American shad, blueback herring, striped bass, and
other non-diadromous fishes; however, the lift entrance is designed for pelagic-oriented fish that
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migrate in the upper water column, not benthic-oriented species such as shortnose or Atlantic
sturgeon. This is likely a result of the 10-12 ft high entrance to the fish lift (denoted as “1” in
Fig. 5.1 below) that was designed for surface-oriented fish and not the bottom-oriented sturgeon.
Only six sturgeon have passed through the St. Stephen fish lift since construction in 1985 (D.
Cooke, unpublished data, reported in Collins et al. 2003); these were reported as shortnose
sturgeon. While there is no record of Atlantic sturgeon being lifted through St. Stephen fish lift,
in 2007 an Atlantic sturgeon was captured by the SCNDR in the fish exit channel of the Fish Lift
so they could subsequently physically remove and then release the animal downstream into the
Santee River. Further modifications to the fish lift would be necessary to effectively pass all
Santee Basin target species including sturgeon (Cooke and Leach 2003, Leach and Cooke 2005).

Figure 5.1. The fish lift at the St. Stephen facility located on the Re-Diversion Canal. Fish must move
through this lift to migrate between the Re-Diversion Canal and Lake Moultrie.

While sturgeon would naturally continue inland upriver to spawn, their impeded movements
have forced any shortnose sturgeon that use the Cooper River to attempt to spawn just below the
Pinopolis Dam. While shortnose sturgeon have successfully spawned below the Pinopolis Dam
(B. Post, South Carolina Department of Natural Resources, pers. comm. to P. Opay, NMFS
SERO, April 18, 2018), NMFS believes that recruitment from this spawning is unsuccessful.
NMFS expects that the 229 spawning adult shortnose sturgeon are using the Santee-Cooper
River system below the dams to try to spawn and are adversely affected by the impeded passage
that prohibits spawning upstream in appropriate habitats. For the purposes of this Opinion
NMFS conservatively assumes that no spawning recruitment will occur for 3 years after license
issuance, until the Fish Prescription is implemented.
No Carolina DPS Atlantic sturgeon spawning is currently recorded below any of the dams.
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If not for the Pinopolis, Santee, and St. Stephen Dams, shortnose sturgeon would be expected to
continue upriver to appropriate spawning habitats. As in the draft opinion, this opinion explains
that shortnose sturgeon have been prohibited from upstream migration by the dams, which has
negatively affected successful recruitment. However, it is important to note, that under the
current proposed action, shortnose sturgeon will be gradually relocated to below the Santee Dam
where stream flows will be increased, and sturgeon are then expected to spawn and recruitment
to occur; therefore, the number of animals unable to contribute to the population will gradually
decrease as the NMFS Fishway Prescription is implemented. Some animals will continue to be
exposed to the impediment to migration upstream, but they will reproduce below the Santee Dam
and recruitment to the population will occur. Additionally, it is possible that some animals may
eventually be passed above the dams as part of the adaptive management component discussed in
this opinion, in which case the number of animals exposed to impeded migration upstream will
be less than discussed here.
The number of affected shortnose sturgeon will decline each year after implementation of
NMFS’ fishway prescription (required within 36 months of the issuance of this opinion), as up to
20 animals per year will be relocated to spawning habitat below the Santee Dam. All animals
will be moved by year 14 after issuance of the license. Thus, these animals will then have the
opportunity to contribute to the population (successful recruitment), and after 10 years some or
all animals may pass up past the dam to access additional historical habitat above the dams.
Annual Number of Shortnose Sturgeon Impeded from Passage Upstream to Appropriate
Spawning Habitats
For purposes of analysis in this Opinion, NMFS estimates that approximately 229 spawning
adult male and female (combined) shortnose sturgeon are below the Pinopolis, St. Stephen, and
Santee Dams in the Cooper River and Santee River when the license is issued. A portion of the
approximately 229 potential spawners (a mix of males and females) either fail to pass upstream
of the dams or abandon upstream migration annually, and none of the breeding activity from the
229 below the Pinopolis Dam results in successful recruitment in any year. While it is possible
that some very small number of animals could potentially pass above the Pinopolis Dam (via the
lock), for purposes of making a conservative estimate that errs on the side of the species, NMFS
assumes that no sturgeon will successfully migrate and spawn above Pinopolis Dam for the first
3 years of the proposed action. Males spawn every 1-2 years (Dadswell 1979; Kieffer and
Kynard 1996; NMFS 1998). Females spawn every 3-5 years (Dadswell 1979). We assume a
50/50 sex ratio, that males spawn every year, and females every three years. Therefore, 114.50
(229 x .50 x 1) males and 37.79 (229 x .50 x .33) females are attempting to spawn each year at
the start of the project. A total of 153 (114.50 + 37.79 = 152.29 rounded to 153) potential
shortnose spawners either fail to pass upstream of the dams or abandon upstream
migration the first year, with numbers declining thereafter as a result of mortality
associated with the Lock at the Pinopolis dams (no animals from this population spawn for
the first 3 years until the NMFS Fishway Prescription is implemented). The number of
negatively affected animals will decline as the NMFS Fishway Prescription is expected to
ameliorate the effects of the dams, because animals will eventually spawn in the Santee River
(below the Santee Dam), in the lakes, or in the rivers above the lakes (e.g., Congaree River) as
the NMFS Fishway Prescription is realized. However, since the NMFS Fishway
Prescription/Sturgeon Protection is not yet implemented and will take a period of at least 3 years
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to take effect, NMFS uses the 153 number calculated here as estimate of take as the starting point
of the analysis, but evaluates the ultimate effect of the proposed action in the context that the
numbers will eventually diminish by 20 animals per year as the NMFS Fishway Prescription is
implemented. After approximately 13 years, NMFS expects the entire existing population to be
spawning, and to continue to use the Santee River as water flows will encourage their use of this
previously used natal river. The Cooper River is not believed to be a natal river, but fish are
attempting to use it as a possible spawning based on increased flows that have occurred after the
dam projects were completed. NMFS expects that the relocation of individuals, combined with
increased water flows in the Santee River required under the proposed action, will modify their
behavior such that they use the Santee River. Since females spawn every 3 years, the three
spawning groups are represented here as group A, B, and C. Summary of annual take provided
here includes possible mortality in the lock which results in changes in population (detailed
calculations are found in section 5.2.3). The effect of any egg or larva exposure is considered
accounted for in these numbers, i.e., unsuccessful recruitment means individuals do not reach
historical spawning areas and any production of eggs or larva below the Pinopolis Dam does not
result in recruitment.
Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Males Exposed
114.5
106.4
98.8
91.8
71.9
54.4
39.2
25.5
14.6
6.7
1.2
0
0
0

Females Exposed
37.79, group A
37.79, group B
37.79, group C
35.1, group A
35.1, group B
35.1, group C
27.4, group A
26.5, group B
25.2, group C
17.8, group A
15.1, group B
10.4, group C
3, group A
0, group A, B, C

At start of year 14 all spawning animals will have been moved to areas below the Santee
Dam where they can spawn. (Note: in the event any of these animals return to the
Pinopolis Dam, they will be recaptured and moved again.)
The consequences of these effects are discussed in the species’ responses section below.
5.2.2 Presence and Operation of Dams- Impediment to Foraging
Shortnose sturgeon in the Project lakes are exposed to the impediment of reaching the
downstream extent of the rivers below the three dams to forage at their normal historical
foraging areas. (Fish below the dam already have access to the normal foraging areas, and are
not impeded from accessing the habitat.) Approximately 287 shortnose sturgeon adults are
expected to occupy the waters above the Santee Dam, Pinopolis Dam, and St. Stephen Dam in
Upper Lake Marion (aka Brown’s Lake). This is the minimum number thought to exist, and is
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likely an underestimate as a thorough survey of the area has not been conducted (B. Post, South
Carolina Department of Natural Resources, pers. comm. to P. Opay, NMFS SERO, March 6,
2018). We have no estimate regarding other life stages, but based on recent captures of young of
the year we expect some unknown number of juveniles also exist. No existing population
estimates for juveniles are available. Therefore, we sought a possible mechanism to approximate
how many juveniles might inhabit the waters above the dams. We found two studies (Bahr and
Peterson (2017) and Peterson and Bednarski (2013)) that quantified abundance of shortnose
sturgeon, including juveniles, in southern rivers. They used gill nets and trammel nets to sample
for shortnose sturgeon in the Savannah River and the Altamaha River, both in Georgia. These
studies provide valuable information since they are from southern rivers (neighboring South
Carolina and the Santee-Cooper River system), which means they are more likely to represent
population dynamics of the shortnose sturgeon in the action area than studies from northern
states (i.e., population dynamics differ due to different environmental conditions between the
regions). We combined data from the two studies, averaging all the juveniles captured, all of the
adults captured, and then applied the ratio of juveniles to adults to solve for juveniles based on
287 adults above the dams in the Santee-Cooper system.
The Bahr and Peterson (2017) article had 3 years of data for Savannah River-

2013
2014
2015

Juveniles
35
51
73

Adults
115
203
133

The Peterson and Bednarski (2013) article had 7 years of data for the Altamaha River-

2004
2005
2006
2007
2008
2009
2010

Juveniles
265
163
182
88
23
6
101

Adults
147
56
112
89
184
110
211

Total

987

1,360

Average Juveniles = 98.7
Average Adults = 136.0
98.7 juveniles/136.0 adults = x unknown juveniles/287
x = 208.3
This provides a number of approximately 209 juveniles above the dams. It is the best
approximation available, however with important caveats that it is not based on direct sampling
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in the Santee-Cooper system, assumes populations between the three different rivers have similar
relationships between juveniles and adults, and does not incorporate possible effects to
population dynamics resulting from the fact that the Santee-Cooper population above the dams is
land locked. While Atlantic sturgeon Carolina DPS could occupy waters above the dams, NMFS
has no information confirming any population exists. That is, unlike shortnose sturgeon, no
known population exists above the dams. Animals are not expected to be able to pass above the
dams (except for the extremely unlikely outlier).
Based on SCDNR data and research, presence of adult or juvenile shortnose sturgeon below
approximately I-95’s crossing of Lake Marion (i.e., roughly the bottom half of the lake) appears
to be very uncommon (B. Post, South Carolina Department of Natural Resources, pers. comm. to
P. Opay, NMFS SERO, April 13, 2018). Downstream passage opportunity for the 287 animals
and 209 juveniles appears limited and unlikely, as they would have to pass through the Santee
Dam spillway during periods when excess water from Lake Marion is released or through the
turbines of the dams. It is also possible that most or all animals are feeding at the north end of
Lake Marion and not moving to habitat below the dams. Further study is necessary to
understand this population to confirm its behavior, to what extent it has or has not adapted to the
landlocked situation, and to confirm the extent of its normal movement patterns. However,
current information suggests that movement of this population to the dams is very
minimal/unlikely as described in section 5.2.4 that references SCDNR research (note: NMFS
suspects that sturgeon from the downstream population could exhibit different behavior than the
landlocked population if it were to pass or be transported above the dams at some later date, but
this requires study). While some of the shortnose sturgeon adults and juveniles could
theoretically make it downstream through the dams or via the spillway, it is considered unlikely,
and for purposes of this consultation, NMFS assumes that all 287 shortnose sturgeon adults and
209 juveniles are prohibited from foraging downstream of any of the dams. All 287 adults and
209 juveniles are prohibited from moving downstream to optimal estuarine foraging
habitat. We estimate a take of up to 287 adult animals and 209 juveniles annually.
The consequences of these effects are discussed in the species response section below.
5.2.3 Operation of Pinopolis Navigation Lock (Cooper River) - Effects to Animals (e.g.,
drainports)
As already discussed in this Opinion, the Pinopolis Navigation Lock does not provide sturgeon
an effective mode to move upstream. In this section we discuss the exposure of Cooper River
shortnose sturgeon spawners and adult Carolina DPS Atlantic sturgeon to the effects of entering
the Pinopolis Navigation Lock.
While not an effective mechanism to pass sturgeon, sturgeon do enter the lock and are subject to
potential injury or mortality while leaving it to return to the river below the lock. The navigation
lock is a single-lift vessel lock approximately 60 ft wide by 180 ft long with a lift of
approximately 70 ft that provides boat and fish passage between the Cooper River and Lake
Moultrie (Figure 5.2). The lock operates by first partially opening downstream gates to form a
“V-trap” allowing fish to enter while impeding fish from exiting back into the river. The gates
remain in this position between operations. The lock is filled with approximately 6 million
gallons of water via a system of two inlets (19 ft across, reducing down to 8 ft x 8 ft) on the
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lakeside, each emptying into 11 ports (22 total) inside the lock. Velocity of water from the inlets
through the valve system and entering the lock is unknown. To drain the lock, water is passed
through 32 (16 per side) drain ports measuring 2 ft, 9 inches x 2 ft, 9 inches each that telescope
and enter into a common culvert (8 ft x 8 ft) that empties downstream into the tailrace in the
Cooper River. After being drained, the lower gates are reopened.

Figure 5.2. The Navigation Lock at the Pinopolis Dam between Cooper River and Lake Moultrie. Note:
height of sill lakeside is 46 ft.

Fish that enter the lock but do not pass upstream eventually exit the lock. Often, this is through
the drain ports. Timko et al. (2003) studied the potential of using the Pinopolis Navigation Lock
for fish passage. They reported that shortnose sturgeon mostly exited the Pinopolis Lock via the
drain ports (79% of all tagged sturgeon). Leach and Cooke (2005) reported that shortnose
sturgeon have difficulty passing through the navigation lock and a large percentage are entrained
in the lock’s drainage system. We believe that it is likely that some shortnose sturgeon expelled
through the drain ports are harmed as the fish are quickly moved with the water (6 million
gallons of water through 32 ports at a rate of 0-70 feet per second) through drain ports that
telescope into smaller culverts. Based on the best available information discussed earlier, 153
spawning adult shortnose sturgeon are potentially below the Pinopolis Dam in the Cooper River
the first year of the proposed action and can enter the lock. NMFS also believes that some
number of adult Atlantic sturgeon are entering the Cooper River as part of their use of habitat
along the South Carolina coast. If we conservatively assume that all sturgeon enter the lock to
attempt upstream migration or while otherwise using the river, based on the results of Timko et
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al. (2003), 79% will exit the lock through the drain ports, and 9% of sturgeon passed through the
drain ports will result in mortality. The number of shortnose animals affected will decline each
year due to animals lost to mortality, and after year 3 more rapidly due to the fact up to 20
animals will be moved each year to the lower Santee River, which means those animals are not
expected to be exposed to the lock again in the future. Detailed calculations follow.
Mortality Calculations from Lock Interaction (Summary Take Numbers Rounded)-SHORTNOSE
STURGEON
Sturgeon may enter the lock and some of those animals may be killed by the drainport
interaction. However, effects will gradually attenuate as the Fishway Prescription (20 fish/year
will be moved from below the Pinopolis Dam and lock to below the Santee Dam where no
danger of a lock exists) is implemented, and take will gradually reduce to 0. The estimated take
exposure and the associated mortality is calculated here. Males try to spawn ever year, so their
population is subject to exposure to the lock every year. Females try to spawn every three years,
and they are labeled A, B, C to distinguish the 3 groups, i.e., not all females are exposed to the
lock every year. Fractions of animals are used in the calculations (to avoid continuous rounding
to whole numbers, which can artificially inflate the estimates) and final annual take numbers are
rounded to whole numbers for the yearly take totals. These numbers are to provide context for
Jeopardy analysis, actual mortality is not expected to be observed. Take tracking/monitoring
from overall take numbers (animals that visit the lock) will enable NMFS to determine if take
has been exceeded, with the assumption that if overall observed non-lethal take is not exceeded,
then neither are the mortality numbers presented here (note, all final take numbers are rounded
up since it is not possible to take a fraction of an animal).
Year 1
Males
229 x .50 x 1= 114.5 males exposed every year to start calculations
114.5/153 = 75%
Females Exposed
229 x .50 x .33 = 37.8 females (one third exposed every three years) to start calculations
37.8/153 = 25%
114.5 males – (114.5 x .79 x. 09) = 106.4 left (8.14 taken lethally);
37.8 females group A – (37.8 x .79 x .09) = 35.1 left (2.69 taken lethally);
10.83, rounded to 11 mortalities
Year 2
106.4 males try again –106.4 – (106.4 x .79 x .09) = 98.8 left (7.57 taken lethally);
Second group B of 37.8 females- (37.8 x .79 x .09) = 35.1 left (2.69 taken lethally);
10.26, rounded to 11 mortalities

Year 3
98.8 males try again –98.8 - (98.8 x .79 x .09) = 91.8 left (7.02 taken lethally);
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Third group C of 37.8 females- (37.8 x .79 x .09) = 35.1 left (2.69 taken lethally);
9.71 rounded to 10 mortalities
Year 4 (This year relocation begins)
91.8/(91.8 + 35.1) = 72% males swimming around available
35.1/(91.8 + 35.1) = 28% females swimming around available
91.8 males try again, 72% of the 20 fish relocated safely are males (20 x .72 = 14.4), so 91.8 –
14.4 = 77.4 are exposed
77.4 - (77.4 x .79 x .09) = 71.9 left (5.50 taken lethally);
35.1 females group A try again, 28% of the 20 fish relocated safely are females (20 x .28 = 5.6),
so 35.1- 5.6 = 29.5 are exposed
29.5 – (29.5 x .79 x .09) = 27.4 left (2.10 taken lethally)
7.6, rounded to 8 mortalities
Year 5 (relocation continues)
71.9/(71.9 + 35.1) = 67% males swimming around available
35.1/(71.9 + 35.1) = 33% females swimming around available
71.9 males try again, 67% of the 20 fish relocated safely are males (20 x .67 = 13.4, so 71.9 –
13.4 = 58.5 are exposed
58.5 - (58.5 x .79 x .09) = 54.4 left (4.16 taken lethally);
35.1 females group B try again, 33% of the 20 fish relocated safely are females (20 x .33 = 6.6),
so 35.1 - 6.6 = 28.5 are exposed
28.5 – (28.5 x .79 x .09) = 26.5 left (2.03 taken lethally)
6.19, rounded to 7 mortalities
Year 6 (relocation continues)
54.4/(54.4 + 35.1) = 61% males swimming around available
35.1/(54.4 + 35.1) = 39% females swimming around available
54.4 males try again, 61% of the 20 fish relocated safely are males 20 x .61 = 12.2, so 54.4 –
12.2 = 42.2 are exposed
42.2 - (42.2 x.79 x .09) = 39.2 left (3.00 taken lethally);
35.1 females group C try again, 39% of the 20 fish relocated safely are females (20 x .39 = 7.8,
so 35.1 – 7.8= 27.3 are exposed
27.3 – (27.3 x .79 x .09) = 25.2 left (1.94 taken lethally)
4.94 rounded to 5 mortalities
Year 7 (relocation continues)
39.2/(39.2 + 27.4) = 59% males swimming around available
27.4/(39.2 + 27.4) = 41% females swimming around available
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39.2 males try again, 59% of the 20 fish relocated safely are males 20 x .59 = 11.8), so 39.2–
11.8 = 27.4 are exposed
27.4 - (27.4 x .79 x .09) = 25.5 left (1.95 taken lethally);
27.4 females group A try again, 40% of the 20 fish relocated are females (20 x .41 = 8.2), so 27.4
– 8.2 = 19.2 are exposed
19.2 – (19.2 x .79 x .09) = 17.8 left (1.37 taken lethally)
3.32 rounded to 4 mortalities
Year 8 (relocation continues)
25.5/(25.5 + 26.5) = 49% males swimming around available
26.5/(25.5 + 26.5) = 51% females swimming around available
25.5 males try again, 49% of the 20 fish relocated safely are males (20 x .49 = 9.8), so 25.5 – 9.8
= 15.7 are exposed
15.7 - (15.7 x.79 x .09) = 14.6 left (1.12 taken lethally);
26.5 females group B try again, 51% of the 20 fish relocated safely are females (20 x .51 = 10.2),
so 26.5 – 10.2 = 16.3 are exposed
16.3 – (16.3 x .79 x .09) = 15.1 left (1.16 taken lethally)
2.28 rounded to 3 mortalities
Year 9 (relocation continues)
14.6/(14.6 + 25.2) = 37% males swimming around available
25.2/(14.6 + 25.2) = 63% females swimming around available
14.6 males try again, 37% of the 20 fish relocated safely are males (20 x .37 = 7.4), so 14.6 – 7.4
= 7.2 are exposed
7.2 - (7.2 x .79 x .09) = 6.7 left (0.51 taken lethally);
25.2 females group C try again, 63% of the 20 fish relocated safely are females (20 x .63 = 12.6),
so 25.2 – 12.6 = 11.2 are exposed
11.2 – (11.2 x .79 x .09) = 10.4 left (0.80 taken lethally)
1.31 rounded to 2 mortalities
Year 10 (relocation continues)
6.7/(6.7 + 17.8) = 27% males swimming around available
17.8/(6.7 + 17.8) = 73% females swimming around available
6.7 males try again, 27% of the 20 fish relocated safely are males (20 x .27 = 5.4), so 6.7 – 5.4 =
1.3 are exposed
1.3 - (1.3 x .79 x .09) = 1.2 left (0.09 taken lethally);
17.8 females group A try again, 73% of the 20 fish relocated are females (20 x .73 = 14.6), so
17.8 - 14.6 = 3.2 are exposed
3.2 – (3.2 x .79 x .09) = 3.0 left (0.23 taken lethally)
0.32 rounded to 1 mortality
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Year 11 (relocation continues)
1.2/(1.2 + 15.1) = 7% males swimming around available
15.1/(1.2 + 15.1) = 93% females swimming around available
1.2 males try again, 7% of the 20 fish relocated safely are males (20 x .07 = 1.4), so 1.2 – 1.4 = 0
are exposed
Fractions of an animal cannot be moved, but have been used in the calculations to this point to
avoid rounding to whole numbers continuously, but essentially at this point (year) all males
would be moved so none exposed to mortality in the lock, i.e., 0 males taken.
15.1 females group B remaining, 93% of the 20 fish relocated are females (20 x .93 = 18.6), so
14.9 – 18.6= 0 are exposed
Fractions of an animal cannot be moved, but decimals have been used in the calculations to this
point to avoid rounding to whole numbers continuously, but essentially at this point (year) all
females from group B (remember, females spawn every 3 years, so there are 3 groups
visiting the lock in different years) would be moved so none exposed to mortality in the
lock, i.e., 0 females taken.
0 mortality
Year 12 (relocation continues)
0 males swimming around available
10.4 females swimming around available
10.4 females group C try again, all are relocated and none exposed
Fractions of an animal cannot be moved, but have been used in the calculations to this point to
avoid rounding to whole numbers continuously, but essentially at this point (year) all females
from group C (remember, females spawn every 3 years, so there are 3 groups visiting the
lock in different years) would be moved so none exposed to mortality in the lock, i.e., 0
females taken.
0 total animals taken.
0 mortality
Year 13 (relocation continues)
3 females swimming around available, all would be moved
at this point (year) all females from group A (remember, females spawn every 3 years, so
there are 3 groups visiting the lock in different years) would be moved so none exposed to
mortality in the lock, i.e., 0 females taken.
0 total animals taken.
0 mortality
No mortalities occur after year 10, and at year 13 all spawning animals will have been moved to
areas below the Santee Dam where they can spawn, and no mortalities in the lock are expected.
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Any animals not entering the drain ports would be expected to exit the lock back into the river
system. As previously mentioned in Section 2, there are plans to use Didson or Aris “cameras”
in the Pinopolis Lock to count fish and detect sturgeon (SCPSA may propose and use another
method, if approved by NMFS). NMFS believes that the estimates of fish mortality is likely
high. For example, SCDNR staff detected 53 animals with transmitters at the Pinopolis Dam
over the last few years and recorded three that they think could have potentially been killed (a
5.7% rate versus the 9% applied in this Opinion). However, the estimates using 9% are based on
use of published information and errs on the side of caution in evaluating effects to the species.
Monitoring will allow better analysis of effects, fish behavior, and potentially ways to reduce
negative impacts of lock operations. Additionally, the new, lower drain rates of the proposed
action are expected to result in lower mortality. Thus, the number of mortalities could be less
than calculated here.
Mortality Calculations from Lock Interaction (Summary Take Numbers Rounded)-ATLANTIC
STURGEON
As discussed in section 5.2.1, since 2015, available research has only documented 8 different fish
using the habitat below the Pinopolis dam in the vicinity of the lock. This suggests that there are
far less than 300 animals (the “no more than” estimate of spawning adults provided in the listing
rule discussed earlier in this Opinion) visiting the area below the dam. In order to obtain a more
accurate and precise estimate of the number of potential adult Atlantic sturgeon that could be
affected by the Pinopolis Dam lock, NMFS used a ratio of catch per unit effort (CPUE) of
shortnose sturgeon and Atlantic sturgeon during SCDNR research, and a known number of
shortnose spawning adults. This assumes approximate equal catchability of the two species.
While this remains a very poor estimate, is based on limited data and assumptions, and uses
spawning shortnose sturgeon to derive an Atlantic sturgeon number, NMFS believes it is the best
estimate available right now. We used the CPUE data from 2016 since it was considered the
most accurate (however all 3 of the calculations were very close, within 3 animals). The CPUE
for shortnose sturgeon was 4.70 (a unit of effort is defined as 92m net set for one hour), and the
CPUE for Atlantic sturgeon was 0.27. Approximately 229 shortnose spawning animals exist
(discussed earlier in this Opinion). That means, comparing the ratios to solve for the number of
Atlantic sturgeon, that 0.27/x = 4.70/229, x is the number of Atlantic sturgeon, or approximately
13.155. Up to 14 (13.155 rounded to 14) spawning size Atlantic Carolina DPS sturgeon exist
that could potentially be entering the Cooper River every year. While this reflects possible
spawners, we have no information that spawning occurs, it still provides an estimate that can be
used to represent the number of adult size animals in the Cooper River that NMFS believes could
be reaching the lock below the dam each year. Therefore, for the purposes of this Opinion the
potential number of Atlantic Sturgeon Carolina DPS animals reaching the Cooper River below
the Pinopolis Dam is estimated to be no more than 14 adult animals per year, and NMFS expects
14 adult animals per year to be exposed to adverse effects by the lock.
Sturgeon may enter the lock and some of those animals may be killed by the drainport
interaction. The estimated take exposure and the associated mortality is calculated here.
Fractions of animals are used in the calculations and rounding then employed for the yearly take
total, because it is not possible to take a fraction of an animal. Using the same estimates as used
for shortnose sturgeon above, Timko et al. (2003), we estimate that 79% will exit the lock
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through the drain ports, and 9% of sturgeon passed through the drain ports will result in
mortality.
These numbers are to provide context for Jeopardy analysis, actual mortality will not be
observed. Take tracking/monitoring from overall take numbers (animals that visit the lock) will
enable NMFS to determine if take has been exceeded, with the assumption that if overall take is
not exceeded, then neither are the mortality numbers presented here. Note: unlike shortnose
sturgeon, the Atlantic sturgeon are not the same exact set of animals returning each year. While
much is not known about the individuals in the river, they are thought to come from other rivers,
as no Atlantic sturgeon spawning has been documented in the Cooper or the Santee Rivers.
Males
14 x .5 = 7 males exposed every year;
7 males x .79 enter the lock x .09 mortality rate = 0.50 male mortality per year
Females
14 x .5 = 7 females exposed every year;
7 females x .79 enter the lock x .09 mortality rate = 0.50 female mortality per year
1 (male or female) mortality per year
Any animals not entering the drain ports would be expected to exit the lock back into the river
system. As previously mentioned in Section 2, there are plans to use Didson or Aris “cameras”
in the Pinopolis Lock to count fish and detect sturgeon. NMFS believes that the estimates of fish
mortality is likely high. For example, SCDNR staff detected 53 shortnose sturgeon with
transmitters at the Pinopolis Dam over the last few years and recorded three that they think could
have potentially been killed (a 5.7% rate versus the 9% applied in this Opinion). However, the
estimates using 9% are based on use of published information and errs on the side of caution in
evaluating effects to the species 13. Monitoring will allow better analysis of effects, fish
behavior, and potentially ways to reduce negative impacts of lock operations. Additionally, the
new, lower drain rates of the proposed action are expected to result in lower mortality. Thus, the
number of mortalities could be less than calculated here.
Summary
To summarize, beginning approximately 3 years after the license is issued, approximately 20
shortnose sturgeon will be moved initially each year from below the lock to the Santee River
below Wilson Dam as the NMFS Fishway Prescription is implemented, with no mortalities
occurring after year 11, and all fish relocated at year 13. Atlantic sturgeon Carolina DPS animals
will enter the Cooper River, and exposure to the lock will result in up to 1 mortality each year of
the proposed project. NMFS expects the Fishway Prescription would ameliorate the negative
effects of the dams to shortnose sturgeon by reducing mortality and increasing recruitment as
animals are moved from the Cooper River to the Santee River. Given that an adaptive

13

We use shortnose sturgeon information here as it is the best and most relevant available to assess the effects to
Atlantic sturgeon.
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management plan will be in place, if the relocation of a greater number of animals (more rapidly)
would be advantageous to success of the relocation project, such an increase will be considered.
The consequences of these effects are discussed in the species’ responses section below.
5.2.4 Presence and Operation of Dams- Effects to Animals Passing Downstream Through
Project Turbines
As discussed in section 5.2.2, based on newly evaluated SCDNR data and research, presence of
landlocked adult or juvenile sturgeon below approximately I-95 of Lake Marion (i.e., roughly the
bottom half of the lake) appears to be very uncommon (B. Post, South Carolina Department of
Natural Resources, pers. comm. to P. Opay, NMFS SERO, April 13, 2018). The SCDNR made
this determination after tracking shortnose sturgeon passing near acoustic arrays in the lake.
While not impossible (e.g., an extreme high water event), NMFS expects that the probability of
adult or juvenile fish from the landlocked population reaching the dams is very low, and these
animals are not likely to be adversely affected by the dam operation (turbines, lock, spillover).
While the reasons are not yet fully understood, review of existing sturgeon behavior and
movement suggests that they are remaining in the northern half of the lake system and not
utilizing habitat near, or migrating towards, the dam. NMFS expects that sturgeon from the
downstream population of sturgeon that could eventually be moved above the dams could
behave differently than the landlocked population and be subject to interactions with the dams
(Cooke and Leach 2003). Studied fish were tracked with electronic tags and shown to move in
the lake system and utilize areas adjacent to the dams, appearing to behave differently than the
landlocked population. Any animals moved above the dams by the NMFS Fishway Prescription
would be tracked and attempts will be made to recapture the fish and move them below the dams
to avoid effects from dams (if this cannot be done they will not be released above the dams until
downstream passage is safe), and any release of untagged animals at a later point would only
occur when downstream passage is resolved and implemented.
Similarly, NMFS does not expect that offspring (including larvae and juvenile fish) produced
annually from the lake population to reach and pass through the turbines. Individuals starting
from above Lake Marion would be very unlikely to pass through Lake Marion, the diversion
canal to Lake Moultrie, and then through the Pinopolis Dam and Jeffries Power Station, or the
St. Stephens Powerhouse. Likewise, individuals would not be expected to pass through Lake
Marion to reach the Santee Dam’s single turbine located along the 8 mile dam. Given the
complications of distance and path through the lake(s) (i.e., the portion of the historical river
between the spawning area and the dams downstream is now a lake(s), not the historical river),
possible adaptation to remaining in Lake Marion, predation, and the very low probability of any
of the few individuals that would make it downstream reaching the turbines, NMFS believes
exposure to the turbines is extremely unlikely to occur. Potential impacts of turbines will be
discussed no further in this Opinion.
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5.2.5 Presence and Operation of Dams- Effects to Water Quantity
Cooper River
Under the proposed action, a weekly average of 4,500 cfs water will be released through the
Pinopolis Dam/Jefferies Station. This amount provides sufficient water quantity and depth to
support sturgeon habitat up to the base of the dam. However, the release results in scouring at
the tailrace which will negatively impact spawning and recruitment success of up to 153 (year 1),
145 (year 2), and 137 (year 3) shortnose sturgeon spawners for 3 years, with the number
affected declining more rapidly after year 3 as 20 each year are relocated. These are the same
animals that are prohibited from migrating above the dams, discussed earlier in this Opinion.
We mention them to note the water quantity problem in the Santee, but do not count them twice
in the exposure calculation (i.e., that they cannot successfully reproduce). Please refer to section
5.2.1 for the list of the annual number of animals affected by the proposed action. The fact that
these animals are prohibited from migrating upstream means they are subjected to the
unfavorable water quantity conditions below Pinopolis Dam, i.e., they cannot migrate above the
dam to spawn, and cannot successfully reproduce below the dams either, until after year 3 when
flows are increased in the Santee River, and spawners using the Cooper River below the
Pinopolis Dam have been moved to the bypassed reach in the Santee River.
Santee River
No sturgeon are currently spawning in the Santee River. NMFS believes that some or all of the
shortnose sturgeon now trying to use the Cooper River are also prohibited from using the Santee
River. In this case, inadequate water flows will prohibit them from doing so for the first 3 years
of the proposed action, after which increased flows (and potential habitat restoration) will allow
them the opportunity to spawn and recruitment to occur. Therefore, the same animals trying to
reproduce below the Pinopolis Dam will be prohibited by insufficient water quantity from
spawning in the Santee River if they were to try during the first 3 years of the proposed action.
These are the same animals currently found in the Cooper River prohibited from migrating above
the dams, we mention them to note the water quantity problem in the Santee that affects
spawning, but do not count them twice in the exposure calculation (i.e., that they cannot
successfully reproduce).
Under the proposed action, the new water release regime (after year 3) will produce a minimum
instantaneous flow rate from the Wilson Dam of 2,400 cfs from December through April.
However, flow will slow to 1,200 cfs May through November (current minimum instantaneous
flow is 500 cfs). In our Draft Biological Opinion, we concluded that while we expect flow will
be increased through the Santee River Bypassed Reach, we could not be ensured that an adequate
zone of passage for shortnose sturgeon would be provided. We believed the backwater effects
up the Santee River Bypassed reach would continue and misdirect sturgeon seeking spawning
habitat. The backwater effects are influences to water flows at the confluence of the re-diversion
canal and the Santee River that potentially affect sturgeon upstream migration behavior (drawing
them to the St. Stephens Dam and away from the portion of the Santee River below the Santee
Dam). During a Joint Agency Meeting in South Carolina in January of 2012, SCPSA presented
information indicating that 2,400 cfs would provide a zone of passage of at least 4 ft deep at key
riffle areas in the bypassed reach, and greater depths elsewhere. If this is the result of the 2,400
cfs releases, the flow in the spring would provide adequate water quantity to provide for
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sufficient depth to allow sturgeon to migrate the entire length of the bypassed reach to access
potential spawning areas below the dam, and would provide adequate conditions for recruitment
(eggs, larva survival). (Note: since NMFS does not know if animals will automatically start
using the Santee River, NMFS designed and will implement the relocation program discussed in
the proposed action. The assessments related to the proposed action and implementation of that
program are the worst case scenario; if animals start moving to the Santee River by themselves,
numbers of fish adversely affected by conditions and the Pinopolis Dam lock would decrease
more rapidly.) The proposed action (relicensing) has an adaptive management framework which
will evaluate backwater effects that exist from flows out of the re-diversion canal after
implementation of the new water flows, and if they occur, work to address them through
modified water flows or other mechanisms (e.g. structural) to ensure that sturgeon are not
impeded from migrating up the bypassed reach.
The consequences of these effects are discussed in the species’ responses section below.
5.2.6 Presence and Operation of Dams- Effects to Water Quality
Cooper River
SCDHEC reported that aquatic life uses are supported in the Pinopolis tailrace and Cooper River
(FEIS 2007), although DO levels have been recorded at levels below 4 mg/L (e.g., 1.9 mg/L, 1.6
mg/L, 2.1 mg/L during a portion of a day, but not entire day), which are unfavorable to sturgeon.
Recent data from the USGS Surface-Water Monthly Statistics for the Nation provides 2017
information for the Tailrace Canal at Moncks Corner, SC. Mean monthly dissolved oxygen for
the months sturgeon are most likely to be present were reported as follows: January10.8 mg/L,
February 10.9 mg/L, March 9.9 mg/L, April 8.7 mg/L, May 6.9 mg/L, and June 5.8 mg/L (all
other months were above 5.0 mg/L) (https://maps.waterdata.usgs.gov/mapper/index.html). DO
levels have not prohibited sturgeon use of the tailrace in the past. Adult shortnose sturgeon and
adult Atlantic sturgeon Carolina DPS are expected to be exposed to DO levels that permit them
to use the river below the Pinopolis Dam. However, the proximity of the Pinopolis Dam to the
Charleston Harbor, combined with its freshwater discharge rate, allows effects of tidal forcing in
the estuary and an upstream shift in salinity distribution to prohibit successful shortnose sturgeon
recruitment. The proposed action will negatively impact spawning and recruitment success of up
to 153 (year 1), 145 (year 2), and 137 (year 3) shortnose sturgeon for 3 years, with the number
affected declining more rapidly after year 3 as 20 each year are relocated as described in the
proposed action. These are the same animals that are prohibited from migrating above the dams,
discussed earlier in this Opinion, i.e., they cannot migrate above the dam to spawn, and cannot
successfully reproduce below the dams either, until after year 3 when flows are increased in the
Santee River, and spawners using the Cooper River below the Pinopolis Dam are moved to the
bypassed reach in the Santee River.
Please refer to section 5.2.1 for the annual number of animals of each species affected by the
proposed action. The fact that these animals are prohibited from migrating upstream means they
are subjected to the unfavorable water quality conditions below Pinopolis Dam.
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Santee River
No shortnose or Atlantic Carolina DPS sturgeon are currently using the Santee River to spawn
(and the exposure to prohibited spawning is addressed in earlier sections of this Opinion). Nonspawning adult and juvenile fish may be using portions of the river during the year to forage. It
is possible that current water quality issues are prohibiting them from fully utilizing the river
(e.g., the bypassed reach area). However, these non-spawning animals have access to other
habitat in the lower portion of the river, the estuary, or the ocean. Therefore, NMFS does not
believe that the animals are significantly affected and the effects relating to water quality are not
considered further. Water quality is a potential issue if the river is to support spawning and
associated fish development at a point fish are relocated to this river. Relocation will only occur
after adequate water flows exist to support access to spawning and recruitment. The NMFS
Fishway Prescription will address water quality needs through increased flows and water quality
monitoring (and adjustment to flows as necessary) so that when fish are relocated to the
bypassed reach spawning and recruitment will be successful.
The consequences of these effects are discussed in the species’ responses section below.
5.2.7 NMFS’ Section 18 Fishway Prescription- Handling, Moving, Tagging Sturgeon
NMFS’ January 2020, Section 18 Fishway Prescription will require the trap and transport of
shortnose sturgeon to the bypassed reach of the Santee River and potentially the Lakes at some
later point. This will include, subsequent to the implementation of the increased flows required
by the new license, a program of capturing, tagging and transporting migrating shortnose
sturgeon from the Cooper River to the bypassed reach of the Santee River, below Santee Dam
and above the confluence of the natural river course and the COE St. Stephen Project
Rediversion Canal. NMFS expects 20 telemetered fish/year will be moved initially and their
movements and habitat usage tracked. At the same time, habitat conditions to support sturgeon
in the Santee River and in the lakes will be evaluated in light of the effects assessments in the
FEIS and this Opinion, and the predicted improvements under the new license. Study of the
moved fish will allow NMFS, in consultation with SCDNR and SCPSA, to evaluate the trap and
transport of shortnose sturgeon and to implement any adaptive management changes. Movement
of sturgeon above the Santee Dam will be considered if and when appropriate as described in this
Opinion.
During the trap and transport project for shortnose sturgeon, SCPSA will fund projects which
require study of Atlantic sturgeon in the Cooper and the Santee Rivers.
NMFS expects that up to 20 shortnose per year will be handled, tagged, and moved within the
Santee Cooper River Basin for at least 10 years (additional years if necessary). All take related
to trap and transport/research activities will be authorized under existing ESA Section
10(a)(1)(A) permits. That is, authorization to capture, move, tag, etc. animals (directed take) is
through the scientific research and enhancement permit. This Opinion only authorizes the
incidental take resulting from the proposed action (through the incidental take statement).
The permit analyzed and authorized all the take and associated effects (and concluded they were
not likely to jeopardize the continued existence of any endangered or threatened species or result
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in the destruction or adverse modification of any critical habitat of such species), so the directed
takes (to net the animals, tag them, move them) are not analyzed or considered further in this
Opinion. Any take from movement would be counted against the permit, and the activities that
would be authorized would include those that would support research and recovery objectives of
sturgeon conservation management related to the proposed action.
(Note: The USFWS Prescription must also be implemented as part of the proposed action. It is
designed and required by USFWS, and focuses on non-sturgeon species, and must have no
significant effects on shortnose or Atlantic Carolina DPS sturgeon. Additionally, NMFS’s
prescription requires that the USFWS fish lift be a sturgeon-friendly fish lift or one that could be
modified at any point to be sturgeon friendly. If a lift is determined to be ineffective for
sturgeon, alternatives will be considered and implemented for sturgeon.
5.3 Response
The species’ responses to the proposed action are exhibited through negative or positive changes
in essential behaviors. For example, denying access to upstream spawning habitat or
downstream foraging habitat to sturgeon represents a significant impairment that actually injures
individual sturgeon and their population by significantly impairing essential behavioral patterns
including breeding, spawning, rearing and migrating (i.e., the NMFS definition of “harm” per 69
FR 60727, November 8, 1999). The proposed action also results in loss of animals to the
population. Details on response to the proposed action are provided here.
5.3.1 Presence and Operation of Dams- Impediment to Migration Upstream
(Reproduction)
NMFS expects a total of 153 potential shortnose spawners either will fail to pass upstream of the
dams or abandon upstream migration the first year, with numbers declining (please refer to
section 5.2.1) thereafter. There will be no recruitment from this population for the first 3 years
until the NMFS Fishway Prescription is implemented. As NMFS’ Prescription is implemented
after year 3, there will be a gradual reduction in negative effects as 20 animals per year are
relocated and are able to reproduce successfully in the area to which they are relocated in the
Santee River (below the Santee Dam, please refer to section 5.2.1 and 5.2.3 for detailed
calculations), or in the lakes or the rivers above the lakes 14. After approximately 13 years,
NMFS expects the entire existing shortnose population to be spawning below the Santee Dam (or
potentially above it). Spawning animals that do not pass above the Pinopolis Dam before they
are relocated to the Santee River will not reproduce and the population will suffer the loss of
their potential reproductive contribution to the population. They will be unable to contribute to
the growth or genetic diversity of the population. However, the NMFS’ Fishway Prescription is
expected to reduce these negative impacts by increasing successful recruitment of this species
(this impact on the population is limited and eventually gone). The Prescription will be an
adaptive management process used to adjust efforts to manage the species in order to minimize
14

As part of the adaptive management approach, if after study of habitat above the Santee Dam it is determined that
habitat will support sturgeon, and safe downstream passage is available, movement of animals above the dam will be
considered.
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impacts from the proposed action and to maximize efforts to protect and enhance the condition
of the sturgeon populations in the Santee Cooper River Basin. At start of year 14 after license
issuance all spawning animals will have been moved to areas below the Santee Dam where they
can spawn and where water/habitat conditions will allow for egg, larva, and juvenile survival.
Additionally, eventually some animals may even be moved above the dams and spawn in
historical spawning areas. This would result in increases to the overall population size, genetic
diversity, and improved population demographics.
5.3.2 Presence and Operation of Dams- Impediment to Foraging
Approximately 287 landlocked shortnose sturgeon adults and 209 juveniles are prohibited from
foraging downstream of any of the dams. Sturgeon are diadromous fishes – species that use both
marine and freshwater habitats during their life cycle. Shortnose sturgeon, unlike many of its
congeners, are considered freshwater amphidromous, they typically migrate between freshwaterand mesohaline-river reaches (Kynard 1997). Sturgeon migrate, either within the river or
between the river and sea, to optimize feeding, avoid unfavorable conditions, and to optimize
reproductive success (Northcote 1978, Tsyplakov 1978, McKeown 1984). Because sturgeon are
iteroperous (i.e., repeat spawners) these effects are repeated each spawning season. It appears
that most or all landlocked shortnose sturgeon are feeding at the north end of Lake Marion.
Habitat above the dam (i.e., the lakes) supports feeding, but is reduced in quality in comparison
to historic (pre-dam) conditions of forage habitat that was available to the species when they had
access to additional habitat at the river mouths. Fitness of the land-locked sturgeon (i.e., the
spawners) is likely poorer than those residing below the dams due to sub-optimal prey
availability. While they appear to be finding food, they are prohibited from moving downstream
to estuarine areas in which they would normally feed (i.e., historically), that have more optimal
foraging habitat. While their overall fitness may be negatively affected, they appear to survive
and reproduce in the waters upriver of the dams. NMFS believes these animals are reproducing
but perhaps not at the level they would if able to reach areas below the dams.
5.3.3 Operation of Pinopolis Lock (Drain Ports)
We believe that it is likely that some sturgeon entering and exiting the lock, or expelled through
the drain ports will experience short term disorientation and/or expenditure of energy (best case
scenario). Some passed through the drain ports will experience mortality. As discussed in the
Exposure section of this Opinion, NMFS believes that up to 63 shortnose sturgeon could be
lethally taken as a result of the proposed action. Up to 2 Atlantic sturgeon Carolina DPS could
be lethally taken annually as a result of the proposed action. (Please refer to section 5.2.3 for
details). Those experiencing short term disorientation and surviving the lock are expected to
eventually return to the river and resume normal foraging activities. However, those that are
killed by the interaction with the drain ports will be lost to the population. They will be unable
to contribute to the growth or genetic diversity of the population.
5.3.4 Presence and Operation of Dams- Effects to Water Quantity
Cooper River
Mead & Hunt (2003) prepared the “Cooper River Flow Study” to identify the relationship
between the current water release schedule at the Pinopolis Dam and the downstream aquatic
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habitat. The study is a graphical representation of the relationship between water levels in the
Cooper River and the operating status of the Jefferies hydroelectric plant during the period of
October-November 2001. Results suggested that sustained plant operations could produce a
surcharge of about one foot at low tide stage compared to the same stage with no flow. This onefoot differential occurs within a normal tidal range of approximately five feet. The analysis by
Mead & Hunt (2003) indicates that the effects of Jefferies station operations on water quantity
are quickly lost in the rising and falling water levels from the natural tidal cycle in the Cooper
River. Due to the short river segment below the dam, tidal flow affects available habitat area in
the Cooper River more than operational releases.
Analysis of the best available information indicates the 4,500 cfs weekly average through the
Pinopolis Dam is sufficient to support adult shortnose sturgeon and allow them reach the dam for
spawning in the Cooper River. The peaking mode by which water is released is detrimental to
shortnose sturgeon recruitment in the Pinopolis (insufficient conditions for egg
deposition/development). Juvenile sturgeon have not been found in the Cooper River below the
dam. Spawning adults can survive in the lower Cooper River, however, recruitment to the
population from spawning is unlikely and not expected. Not only can they not migrate to
spawning habitat upstream of the dam (section 5.3.1), but the water quantity conditions are not
favorable for successful recruitment below the Pinopolis Dam. NMFS has conservatively
assumed that none of the shortnose sturgeon animals in the Cooper River will be able to
contribute to the growth or genetic diversity of the population for the first 3 years of the license.
However, implementation of NMFS’ Fishway Prescription should ameliorate these negative
effects from the dams as the project is implemented (i.e., as relocated fish spawn in the Santee
River).
Santee River
The existing 500 cfs through the Santee Dam is used to generate power through a single turbine
in the Santee Power Station. Maximum capacity of this turbine is achieved by the required flow
of 500 cfs. The 37-mile river segment from Santee Dam to the St. Stephen Re-Diversion Canal
has been heavily impacted by this regulated flow for hydropower operations (TNC 2005). The
low and constant flow conditions on the Santee River resulting from the controlled limited water
release through the Santee Dam have also negatively impacted the forested floodplain habitat
that once existed on the Santee River. The 500 cfs released from the Santee Dam into the Santee
River equates to approximately 3% of the natural flow.
However, the proposed action would increase flows to 1,200 cfs May through November and
2,400 cfs December through April. These flows would be implemented no later than 36 months
after license issuance.
NMFS expects 2,400 cfs flow through the Santee Dam into the bypassed reach would increase
the habitat area available and in turn allow sturgeon to utilize the bypassed reach during spring
spawning season. NMFS also identified concerns that the backwater effects up the Santee River
Bypassed reach created by operation of the St. Stephen facility may potentially continue and
misdirect sturgeon seeking spawning habitat. Based on meetings and subsequent analysis of
existing information since the draft Opinion, NMFS believes the 1,200 cfs will be sufficient to
accommodate post-spawning movement and that backwater effects will not significantly affect
sturgeon. However, the NMFS Fishway Prescription includes monitoring and analysis of fish
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movement in the Santee River, and if additional water flow increases are necessary, they will be
considered and implemented in order to accommodate and address the specific sturgeon
spawning, development, and migration needs. (Additionally, if sturgeon are found to spawn in
the fall (currently unknown), then water flows will be increased to 2,400 cfs.) That is, while
flow will be increased through the Santee River Bypassed Reach providing benefits to sturgeon,
it will be necessary to monitor the benefits. While the increased flows are expected to be
sufficient for expected spawning and recruitment, in the event this is not true, NMFS’ Fishway
Prescription requires adaptive management including potential habitat restoration if necessary to
achieve results. The shortnose spawners using the Santee Cooper River system below the dams
and relocated are expected to successfully spawn in the Santee River after flows are increased
and fish are moved. When the Santee River is successfully populated with spawning sturgeon,
further passage to upstream spawning habitats will be pursued as discussed in the Fishway
Prescription.
For the three years until new required flows are implemented, not only will shortnose sturgeon
animals be unable to migrate upstream, but the water quantity conditions will not be favorable
for successful spawning below the Santee Dam, and NMFS does not expect the shortnose
sturgeon will successfully spawn any time during the year. These animals will not reproduce and
the population will suffer the loss of their potential contribution to population. They will be
unable to contribute to the growth or genetic diversity of the population. However, as NMFS’
Modified Fishway Prescription is implemented and flows are increased, animals will be moved
to the Santee River and are expected to successfully spawn and recruitment to occur. Both eggs
and larva are expected to survive and young should eventually migrate to the ocean environment.
These animals will contribute to the growth, genetic diversity, and demographic health of the
population.
5.3.5 Presence and Operation of Dams-Effects to Water Quality
Cooper River
Salinity in the Cooper River and Charleston Harbor is influenced by flow regulated by the Santee
Cooper Project. Initially 88% of the Santee River flow was diverted into the Cooper River
causing: 1) a downstream shift of the longitudinal salinity distribution, 2) a change from wellmixed to a partially mixed estuary, 3) a change in circulation from tidally dominated to
gravitational, and 4) an increase in sediment input and subsequent shoaling (Bradley et al. 1990).
This severe shoaling led to the 1985 re-diversion and subsequent maintained flow of 4,500 cfs
weekly. The lowered and constant freshwater discharge rate has increased the effects of tidal
forcing in the estuary, more intense vertical mixing, and an upstream shift in salinity distribution.
The salt wedge is maintained at about rkm 40 just downstream of the Bucky Creek intake. While
the location of the salt wedge did not change significantly between pre- and post re-diversion, the
salinity profile greatly increased from about 15ppt to around 35 ppt (Bradley et al. 1990).
Fluctuations in water quality can have significant impacts on larvae of macro-benthic
invertebrates – which are sturgeon prey. They can also negatively impact sturgeon larva
development, animal growth, reproduction and recruitment. DO values that are appropriate to
development, growth, reproduction, and recruitment can vary depending on other environmental
variables in a particular habitat. For example, 6.0 mg/L dissolved oxygen or greater likely
supports juvenile rearing habitat, whereas DO less than 5.0 mg/L for longer than 30 days is less
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likely to support rearing when water temperature is greater than 25 °C. In temperatures greater
than 26 °C, DO greater than 4.3 mg/L is needed to protect survival and growth. Various factors
affect sturgeon susceptibility to low DO levels. For example, section 3 of this Opinion explains
that sturgeon appear to become more resilient to low levels of DO as they age. Additionally,
water flow and temperature affect DO. Section 3.2.2 of this Opinion explains that DO levels of
approximately 3 mg/L or lower can be detrimental for fish health and survival (depending on age
of the fish), and Blevins (2011) reported mortality extremely likely to result at levels less than
2.0 mg/L. Jenkins et al. (1993) found no mortalities of shortnose sturgeon at DO levels of 4.0
mg/L to 5.0 mg/L. NMFS expects DO to continue to exist at the 5.0 mg/L level discussed in
section 5.2.6 above, which should minimize mortality of animals. While water quality
conditions are sufficient to allow sturgeon to use the river and river mouth (e.g., reach the dam,
potentially forage), salinity dynamics do not allow for recruitment. Not only are sturgeon unable
to migrate upstream, but water quality issues will exacerbate and contribute to the already poor
spawning conditions (please refer to the water quantity discussion) below the dam. Water
quality issues reinforce the conclusion that NMFS does not expect the shortnose sturgeon that
use the Cooper River below the Pinopolis Dam will be able to contribute to the growth or genetic
diversity of the population. Stated another way, the water quality conditions in the Cooper River
below Pinopolis Dam are expected to continue to be an impediment to recruitment and
population growth under the proposed action. (Note: As NMFS’ Modified Fishway
Prescription is implemented, those fish that are relocated to the Santee River will contribute to
the growth, genetic diversity, and demographic health of the population in the future).
Santee River
In the Santee River, the two most prominent factors affecting salinity levels are tides and
freshwater flow originating from both the Project and downstream tributaries (Hockensmith
2004). Streamflow impacts the upstream location of saline water (a.k.a. “salt wedge”) during
both high and low tides in the Santee River (Hockensmith 2004). The Santee River splits into
the North and South Branches about 10 miles from the mouth; the two channels flow parallel and
are separated by approximately 2 miles. An estimated 85 percent of the fresh-water inflow to the
Atlantic Ocean moves through the North Santee River because of channel constriction in the
upper reaches of the South Santee River (Cummings 1970). During high-streamflow and low
tide conditions, freshwater extends downstream the Santee River to the mouth of both the North
and South Santee Rivers. Conversely, during low-streamflow periods, saltwater incursion
extends more than 5.2 and 3.6 miles upstream in the South and North Santee Rivers respectively
(Hockensmith 2004). The South Santee River is generally more saline than the North Santee
River because it has less streamflow; brackish water was reported to travel 13 miles upstream in
the South Santee River (Hockensmith 2004). Both the North and South Santee Rivers have
rather narrow mouths without deep bays.
The Santee River is tidally influenced at least as far upstream as Jamestown, South Carolina and
spring tides at the mouth of the Santee River Estuary have a range of about 8 ft. Tides are the
dominant influence on salinity on an hourly basis, particularly in the middle to lower reaches of
the estuary. Wind, reportedly, has a secondary, seasonal effect and a minor short-term effect
(Hockensmith 2004). We expect the increased flow (from 500 cfs to 1,200/2,400 cfs) through
the Santee Dam/Santee PowerStation to improve water quality in the Santee Bypassed Reach by
increasing DO and decreasing instream water temperature as depth increases. Patches of
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hypoxic areas could occur and result in displacing sturgeon and limiting preferred habitat within
the water column due to patches of low DO and/or high water temperature during the first 3
years of the proposed action before increased water flows. Large areas of the river may require
sturgeon to attempt to compensate for reduced oxygen concentrations (3.0 mg/l to 5.0 mg/L)
coupled with high water temperatures via behavioral and/or metabolic modifications to deal with
short term hypoxic conditions. The SCPSA conducts (and will continue to conduct) an extensive
water quality monitoring program above and below the dams as part of SCDHEC Surface Water
monitoring program to ensure compliance with the applicable state water quality standards.
Additionally, the current FERC FEIS will require SCPSA, as part of the new license, to
determine the project effects on water quality including dissolved oxygen concentrations in Lake
Marion and the Santee River by:
- conducting water quality monitoring and remediation, as necessary, in Lake Marion and
the Santee River;
- conducting a study to evaluate effects of instream flows on DO and Temperature
It is anticipated that the flow changes will improve water quality. Flows of 2,400 cfs are
expected to allow sturgeon to spawn, recruitment to occur, and then allow the sturgeon to move
to the mouth of the river. Flows of 1,200 are expected to be sufficient for eggs, larva, and
juvenile development, allowing them to work their way down the river. However, a careful
review of conditions to assess the DO and temperature in this coastal system will be necessary to
document water quality. This type of monitoring will be required through implementation of this
Opinion’s Terms and Conditions or the NMFS Prescription. To ensure that water quality is
appropriate and the effects of the proposed action are minimized, this Opinion will include a
requirement that during implementation of the NMFS Modified Fishway Prescription, the
SCPSA (with the help of SCDNR and NMFS) will examine DO, depth, and temperature levels in
the Santee River below the Wilson Dam after the increased water flows are initiated. SCPSA
must ensure that the river is at least 4 ft deep at key riffle areas in the bypassed reach and include
confirmation of this in reporting to NMFS. This will be part of a project operations and
downstream flow monitoring plan to ensure compliance with the minimum flow schedules. The
Fisheries Technical Committee will use this information to determine the need for any
requirements to develop a mechanism to maintain an instantaneous minimum DO or other
conditions at the benthos (e.g., required depth at riffle areas) throughout the Santee River
Bypassed Reach that would be necessary to protect sturgeon, avoid mortality, and support
reproduction.
Not only are sturgeon unable to migrate upstream, but for the three years until increased flows
under the new license are implemented water quality issues will synergistically interact with
water quantity issues to exacerbate and contribute to the already poor spawning conditions
(please refer to the water quantity discussion). No spawning is known to occur, and for the first
three years, NMFS does not expect shortnose sturgeon that may try to use the Santee River
below the Santee and St. Stephen Dams in the spring to successfully contribute to the growth or
genetic diversity of the population. However, as NMFS’ Modified Fishway Prescription is
implemented and flows are increased after year 3, recruitment (spawning, eggs, larva success)
will begin to occur and contribute to the growth, genetic diversity, and demographic health of the
population (as spawning is established in the bypass reach).
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6.0

Cumulative Effects

Cumulative effects include the effects of future state, tribal, local, or private actions that are
reasonably certain to occur within the action area of this Opinion. 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 of the ESA.
Within the action area, major future changes are not anticipated in ongoing human activities
described in the environmental baseline. Human activities that affect water quality and quantity
such as farming are also expected to continue at current rates. The present, major human uses of
the action area, such as commercial and recreational fishing and boating, are expected to
continue at the present levels of intensity in the near future as are their associated risks of injury
or mortality to sturgeon by incidental capture by fishermen. Future cooperation between NMFS
and the SCDNR on these issues should help decrease take of sturgeon caused by recreational
activities. NMFS will continue to work with states to renew existing ESA section 6 agreements,
and develop ESA section 10 permits to quantify and mitigate indirect takes.
Climatically, the exact effects on sturgeon are unknown at this time, however over the 50 year
license term, sea level is expected to continue to rise, water temperatures are expected to
continue to rise, and levels of precipitation are likely to fluctuate more drastically. Warming is
very likely to continue in the United States during the next 25 to 50 years, regardless of reduction
in greenhouse gases, due to emissions that have already occurred. It is very likely that the
magnitude and frequency of ecosystem changes will continue to increase in the next 25 to 50
years, and it is possible that they will accelerate (NAST 2000). Climate change can cause or
exacerbate direct stress on ecosystems through high temperatures, reduced water availability, and
altered frequency of extreme events and severe storms. Drought and inter-and intra-state water
allocation and their associated impacts will likely continue and may intensify. Stream and river
temperatures could increase in the action area as the climate warms and are very likely to have
both direct and indirect effects on aquatic ecosystems. A rise in sea level will likely drive the
salt wedge upriver on both the Santee and Cooper Rivers, further constricting sturgeon habitat.
Reductions in stream flows and increased water temperatures could mean a decrease in the
amount of DO in surface waters and an increase in the concentration of nutrients and toxic
chemicals due to reduced flushing rate (Murdoch et al. 2000). A warmer-wetter climate could
ameliorate poor water quality conditions in places where human-caused concentrations of
nutrients and pollutants currently degrade water quality (Murdoch et al. 2000). Increases in
water temperature and changes in seasonal patterns of runoff will very likely disturb fish habitat
and affect recreational uses of lakes, streams, and wetlands. A global analysis of the potential
effects of climate change on river basins indicates that due to changes in discharge and water
stress, the area of large river basins in need of reactive or proactive management interventions in
response to climate change will be much higher for basins impacted by dams than for basins with
free-flowing rivers (Palmer et al. 2008). Because stresses on water quality are associated with
many activities, the impacts of the existing stresses are likely to be exacerbated by climate
change. Within 50 years, river basins that are impacted by dams or by extensive development
will likely experience greater changes in discharge and water stress than unimpacted, freeflowing rivers (Palmer et al. 2008).
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Beyond the threats noted above, NMFS is not aware of any future state, tribal, local, or private
actions that are reasonably certain to occur within the action area of this Opinion, or any
proposed or anticipated changes in other human-related actions or natural conditions that would
substantially change the impacts that each threat has on the sturgeon covered by this opinion.
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7.0

Jeopardy Analyses

The analyses conducted in the previous sections of this Opinion serve to provide a basis to
determine whether the proposed action is likely to jeopardize the continued existence of
shortnose sturgeon and the Atlantic sturgeon Carolina DPS. In Section 5, we outlined how the
proposed action would affect these species at the individual level and the extent of those effects
in terms of the number of associated interactions and mortalities of each species to the extent
possible with the best available data. Now we synthesize each of these species’ response to these
effects, in terms of overall population effects, and whether those effects of the proposed action,
when considered in the context of the status of the species (Section 3), the environmental
baseline (Section 4), and the cumulative effects (Section 6), are likely to jeopardize their
continued existence in the wild.
To “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
the recovery of a listed species in the wild by reducing the reproduction, numbers, or distribution
of that species” (50 CFR 402.02). Thus, in making this determination for each species, we must
look at whether the proposed action directly or indirectly reduces the reproduction, numbers, or
distribution of a listed species. Then if there is a reduction in 1 or more of these elements, we
evaluate whether it would be expected to cause an appreciable reduction in the likelihood of both
the survival and the recovery of the species.
The NMFS and USFWS’s ESA Section 7 Handbook (USFWS and NMFS 1998) defines survival
and recovery, as they apply to the ESA’s jeopardy standard. Survival means “the species’
persistence . . . beyond the conditions leading to its endangerment, with sufficient resilience to
allow recovery from endangerment.” Survival is the condition in which a species continues to
exist into the future while retaining the potential for recovery. This condition is characterized by
a sufficiently large population, represented by all necessary age classes, genetic heterogeneity,
and number of sexually mature individuals producing viable offspring, which exists in an
environment providing all requirements for completion of the species’ entire life cycle, including
reproduction, sustenance, and shelter. Recovery means “improvement in the status of a 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.” Recovery is the process by which species’ ecosystems are restored and/or
threats to the species are removed so self-sustaining and self-regulating populations of listed
species can be supported as persistent members of native biotic communities.
The status of the species and DPS likely to be adversely affected by the proposed action is
reviewed in Section 3. For any species listed as DPSs a jeopardy determination must find the
proposed action will appreciably reduce the likelihood of survival and recovery of that DPS.

7.1 Shortnose Sturgeon
The proposed action, the operations of the Santee/Cooper Dams, would take 287 animals (mix of
males/females) and 209 juveniles that occur above the Pinopolis, Wilson, and St. Stephen dams
by prohibiting them from passing downstream to optimal foraging habitat. The effects on these
animals would be possible loss in fitness (e.g., weight, health). However, no mortality is
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expected. The population appears to remain stable (reproducing to maintain its current
population level) based on estimates from SCDNR. NMFS expects this population segment to
be affected, but not to a significant degree. Thus, NMFS believes it will remain viable and able
to continue to contribute to the overall Santee Cooper River population’s reproduction (of which
it is a component), i.e., effects are not expected to have any reduction on the reproduction,
numbers, or distribution of the species. While not contributing to a jeopardy situation right now,
future access to downstream habitat will be valuable to strengthening the overall population
health of the Santee Cooper basin population.
The proposed action could also take up to 153 adult spawners (male/female mixed) in the Cooper
River the first year, with the number of negatively affected animals declining thereafter (please
refer to section 5.2.1). After the third year, all the animals returning the Cooper River are
expected to be repeat spawners from prior years; thus, the numbers reflect the same individuals
being repeatedly denied spawning access. No recruitment from these animals below the dams
will occur for the first 3 years until the NMFS Fishway Prescription is implemented. These
spawners are prohibited from passing above the dams to spawning habitat. They are also
negatively affected by excessive water quantity in the Cooper River that prohibits recruitment at
the tailrace of the dam. In addition, poor water quality (harmful salinity levels) negatively
affects reproduction, given the fact there is insufficient amount of river distance to the saltwater
interface downstream to allow for successful recruitment. None of these animals spawning at the
Pinopolis dam would successfully reproduce in any of the first 3 years after the license is issued,
before increased flows are required to be introduced into the Santee River bypassed reach. They
will be unable to contribute to the growth or genetic diversity of the population. As the NMFS
Fishway Prescription is implemented and fish begin to be translocated into the Santee River
bypassed reach, there will be a gradual reduction in their exposure to these negative effects.
NMFS expects that these animals would successfully reproduce once moved. The NMFS’
Fishway Prescription is expected to reduce these negative impacts by increasing successful
spawning and recruitment of this species (i.e., these negative impacts on the population are
limited and eventually gone). At start of year 14 after license issuance all spawning animals will
have been moved to areas below the Santee Dam where they can reproduce. Additionally,
eventually some animals may even be moved above the dams and spawn in historical spawning
areas. The Fishway Prescription would allow animals to perform their natural life cycle and
persist by allowing them to successfully recruit, as more sturgeon will access acceptable
spawning habitat and successfully reproduce, which will result in increases to the overall
population size, genetic diversity, and improved population demographics.
Any shortnose sturgeon in the Santee River bypassed reach could potentially be exposed to
patches of hypoxic areas during the first 3 years of the proposed action. This could result in
displacement of sturgeon and limiting access to some preferred habitat within the water column
due to patches of low DO and/or high water temperature. While this could result in some
energetic costs (i.e., the sturgeon would have to expend energy moving from poor quality
patches) to the animals, NMFS expects these effects to be temporary in nature and insignificant
to the species, and these conditions will improve after flows are increased after year 3. Increased
water flow from the proposed action is expected to increase the amount of available portions of
the bypassed reach below Santee Dam to this species (i.e., better depth and quality) which they
can utilize, and eventually lead to new spawning at previously unavailable habitat below the
Santee dam (i.e., reintroduction of animals to areas not currently being used). NMFS believes
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that the water conditions will be sufficient to support spawning, and the resulting eggs, larva, and
juveniles (and the adaptive management activities will help ensure this is the case). This
reproduction will support population growth. NMFS expects projected increases in quantity and
quality of spawning habitat will lead to increases in spawning success and recruitment that will
be documented through increasing trends in adult spawning populations. Increased water flows
are essential to supporting population success and the no jeopardy conclusions of this Opinion.
NMFS also estimated that up to 62 potential spawning animals will be killed through interaction
with the Pinopolis Lock. The potential lethal take of 62 shortnose sturgeon would reduce the
number of animals in the population, compared to their numbers in the absence of the proposed
action, assuming all other variables remained the same. Lethal interactions would also result in a
potential reduction in future reproduction, assuming some individuals would be females and
would have survived otherwise to reproduce. Any loss of males would mean their genetic
contributions would be lost. Shortnose sturgeon lay between 30,000-200,000 eggs per female
each year, of which a small percentage is expected to survive to sexual maturity. Both females
and males would not contribute genetically to the population. Likewise, the loss of production
from the spawners not negatively affected by the locks but that attempt to spawn but are
unsuccessful means a reduction in reproductive contribution to the population from these animals
as no successful recruitment will occur. However, the NMFS Fishway Prescription is expected
to gradually improve this situation as animals are moved to the other parts of the system;
reductions in mortality are expected, as are increases in reproductive success. Whether the initial
reductions in numbers and reproduction of this species discussed above would appreciably
reduce its likelihood of survival depends on the probable effect the changes in numbers and
reproduction would have relative to current population sizes and trends. NMFS does not find
that over its 50-year duration the proposed action will negatively affect the overall population
size or trend, while the NMFS Fishway Prescription will help improve both over baseline
conditions.
In the Status of Species of this Opinion, we presented the status of the shortnose sturgeon,
outlined threats, and discussed information on estimates of the number of shortnose sturgeon in
the various rivers along the U.S. east coast. As discussed, shortnose sturgeon in the Southeast
comprise a single metapopulation, the “Carolinian Province.” Each metapopulation is
reproductively isolated from the other and constitutes an evolutionarily (and likely an adaptively)
significant lineage. The loss of any metapopulation would result in the loss of evolutionarily
significant biodiversity and would result in a significant gap(s) in the species’ range. It would
also increase the species’ vulnerability to random events. Loss of the southern shortnose
sturgeon metapopulation would result in the loss of the southern half of the species’ range. In
the Environmental Baseline, this Opinion outlined the past and present impacts of all state,
federal, or private actions and other human activities in or having effects in the action area that
have impacted and continue to impact this species. The Cumulative Effects section of this
Opinion discussed the effects of future state, tribal, local, or private actions that are reasonably
certain to occur within the action area. The effect of the proposed action was considered in the
context of this information.
The Santee-Cooper River basin population is a component of the metapopulation. Shortnose
sturgeon range from the Florida/Georgia border to the northern U.S./Canada border of the east
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coast. No reduction in the overall distribution of shortnose sturgeon is expected from the effects
of the proposed action. During the first 36 months after issuance of the project license, animals
will not successfully reproduce below the dams (this may be a shorter time period, if the trap and
transport is completed earlier, but we take a conservative approach throughout and assume it will
take the full 36 months). Additionally, the adult and juvenile animals above and below the dams
will experience varying levels of negative effects to fitness from poor water quality and quantity.
The shortnose sturgeon population above the dams appears to be stable through spawning and
recruitment occurring above Lake Marion. NMFS expects that the implementation of the
Fishway Prescription will result in recruitment success below the Santee Dam after 36 months,
which will help the survival of the portion of the population below the dams, and help to increase
the shortnose sturgeon population in the Santee Cooper Basin, thus improving its condition over
what it has been for approximately the last 70 years since dam construction (and helping to offset
losses in the lock until all fish are moved to a safer area). The NMFS Fishway Prescription is
intended to also potentially increase the strength of the population above the dams at some later
point. The Santee Cooper basin population is expected to persist and gradually increase,
therefore the effect to the metapopulation from the proposed action will not threaten its survival,
and therefore not that of the species.
The Santee-Cooper River population has continued to survive but has been severely impacted
over the course of the decades, struggling against the background of the past and ongoing human
and natural factors (environmental baseline) that have contributed to the current status of the
species, and included the proposed action minus the NMFS Modified Fishway Prescription. The
conditions of the recent past are not ideal and pose a threat to the Santee-Cooper River basin
population, and the metapopulation health. While these current and initial conditions of the
proposed action are not ideal, we believe the species will continue to survive while the NMFS
Fishway Prescription is implemented, and its numbers to increase thereafter. We believe the
potential lethal take of 62 animals attributed to the proposed action will not have any measurable
effect on the species survival until the NMFS Fishway Prescription is implemented and its
impacts are realized (an important assumption is that the NMFS Fishway Prescription will
materialize; if not, reinitation of consultation will be necessary). After analyzing the magnitude
of the effects of the proposed action, in combination with the past, present, and future expected
impacts to the species discussed in this Opinion, we believe the proposed action is not reasonably
expected to cause an appreciable reduction in the likelihood of survival of the shortnose sturgeon
in the wild, and the species will continue to exist into the future while retaining the potential for
recovery.
Recovery
A Final Recovery Plan for the Shortnose Sturgeon was issued in December 1998 (NMFS 1998).
Recovery Objective and Criteria: To recover populations to levels of abundance at which they no
longer require protection under the ESA. For each population segment, the minimum population
size will be large enough to maintain genetic diversity and avoid extinction.
The plan lists the following relevant actions needed for recovery:
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a. “Protect Shortnose Sturgeon and their Habitats” through
-ensuring agency compliance with the ESA, and
-mitigating/eliminating impact of adverse anthropogenic actions on shortnose sturgeon
population segments (human actions that adversely affect shortnose sturgeon include: 1)
activities that modify or destroy important habitats and/or kill sturgeon, and 2)
introduction of non-native species that disturb ecosystems upon which shortnose sturgeon
depend)
b. “Rehabilitate Shortnose Sturgeon Populations and Habitats” through
-restoring access to habitats,
-restoring spawning habitat and conditions,
-restoring foraging habitat,
-reintroduce shortnose sturgeon into river ecosystems where they have been extirpated
This biological opinion ensures that FERC is complying with the ESA, specifically by consulting
with NMFS to analyze and minimize the effects of the relicensing action. The proposed action
would have an adverse impact on shortnose sturgeon by negatively affecting habitat and access
to it (e.g., allowing the continuation of changes in historical river flows, prohibiting movement to
spawning areas) and killing sturgeon (i.e., would result in a reduction in numbers) which is a
concern to recovery efforts. However, as discussed in Section 5 of this Opinion, NMFS expects
that the Modified Fishway Prescription portion of the proposed action would ameliorate these
negative effects and would improve shortnose sturgeon spawning and recruitment starting after 3
years. Adaptive management would allow FERC, SCPSA, SCDNR, and NMFS to modify the
conservation strategy (movement above dams, fish lift implementation, habitat restoration) if it
appears expected results and progress (spawning in the Santee River and increased presence of
young of the year fish) are not being achieved. It is expected that with implementation of the
proposed action, shortnose sturgeon will be able to successfully spawn below the Santee Dam,
and eventually there would be passage at the dam to further improve the shortnose sturgeon
population in the Santee-Cooper system if conditions support successful passage and survival.
While the Project dams have had a deleterious effect on the Santee-Cooper system shortnose
sturgeon and its habitat, the NMFS Fishway Prescription will help restore access to river habitat
below the Santee Dam, and increased water flows are intended to restore spawning habitat and
conditions there. The NMFS Fishway Prescription will move spawning adults to this habitat to
improve habitat use and shortnose sturgeon spawning and recruitment (NMFS expects that the
implementation of the NMFS Fishway Prescription will result in the start of recruitment success
below the dams after 36 months, which will help the recovery of the portion of the population
below the dams). If environmental conditions permit its implementation, fish passage would
provide access to spawning habitat above Lake Marion for fish that are currently below the
dams.
The proposed action, as fully implemented, is unlikely to have any significant negative influence
on recovery objectives, even when considered in the context of the of the Status of the Species,
the Environmental Baseline, and Cumulative Effects discussed in this Opinion. While the
current proposed action will continue to allow the dams to remain in place which results in
adverse effects to shortnose sturgeon, the proposed action will also now work to help reverse
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negative effects of the dams authorized under the first license and will not result in an
appreciable reduction in the likelihood of shortnose sturgeon recovery in the wild.
Conclusion
The lethal and nonlethal take of shortnose sturgeon associated with the proposed action are not
expected to cause an appreciable reduction in the likelihood of either the survival or recovery of
the shortnose sturgeon in the wild.
Importantly, this Opinion will require an automatic review of the progress of the NMFS
Fishway Prescription (and license compliance) annually to ensure the assumptions (fish being
moved, increased water quality and quantity in the Santee, spawning, and presence of young of
the year) that support the conclusions of the Opinion were accurate and that reinitiation of
consultation is not warranted. If the proposed action is not implemented as described in this
Opinion (e.g., increased water flows are not fully implemented) the no jeopardy conclusions of
this Opinion will be invalid.

7.2 Atlantic Sturgeon Carolina DPS
The proposed action could kill up to 1 adult Atlantic sturgeon Carolina DPS either male or
female, or 1 of each sex every other year animal annually.
Any Atlantic sturgeon Carolina DPS animals in the Santee River bypassed reach could
potentially be exposed to patches of hypoxic areas during the first 3 years of the proposed action.
This could result in displacing sturgeon and limiting access to some preferred habitat within the
water column due to patches of low DO and/or high water temperature. While this could
negatively affect foraging success and have some energetic costs (i.e., the sturgeon would have
to expend energy moving from poor quality patches) to the animals, NMFS expects these effects
to be temporary in nature and insignificant to the species, and these conditions will improve after
flows are increased after year 3. The proposed action is expected to increase availability of the
river to this species compared to current conditions. Increased water flow from the proposed
action is expected to increase the amount of available portions of the bypassed reach below
Santee Dam to this species (i.e., better depth and quality) which they can utilize.
NMFS conservatively estimates that up to 1 potential adult animal will be killed annually
through interaction with the Pinopolis Lock. The potential lethal take of 1 Atlantic sturgeon
Carolina DPS animal annually would reduce the number of animals in the DPS, compared to
their numbers in the absence of the proposed action, assuming all other variables remained the
same. Lethal interactions would also result in a potential reduction in future reproduction,
assuming some individuals would be females and would have survived otherwise to reproduce.
Lost males would not contribute their genetic material to the population. Atlantic sturgeon lay
between 400,000-8,000,000 eggs per female each year, of which a small percentage is expected
to survive to sexual maturity.
Whether the reductions in numbers and reproduction of this species would appreciably reduce its
likelihood of survival depends on the probable effect the changes in numbers and reproduction
would have relative to current population sizes and trends. In the Status of Species of this
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Opinion, we presented the status of the Atlantic sturgeon Carolina DPS, outlined threats, and
discussed information on estimates of the number of Atlantic sturgeon Carolina DPS animals in
the various rivers along the U.S. east coast. As discussed in the Status of Species, currently,
there are believed to be only a portion of 7-10 historical spawning populations remaining in the
Carolina DPS. These populations include the Roanoke, Tar-Pamlico, Cape Fear, and Great Dee
River populations. Spawning status of the Waccamaw River is unclear. There may also be
spawning populations in the Neuse, Santee, and Cooper Rivers, though it is uncertain. The
abundances of the five remaining river populations within the DPS are each estimated to have
fewer than 300 spawning adults per year, which means that less than 1,500 (300 x 5 remaining
spawning populations) Carolina DPS spawners per year exist. As also discussed in the Status of
the Species, the viability of the Carolina DPS depends on having multiple self-sustaining riverine
spawning populations and maintaining suitable habitat to support the various life functions
(spawning, feeding, growth) of Atlantic sturgeon populations. Because a DPS is a group of
populations, the stability, viability, and persistence of individual populations affects the
persistence and viability of the larger DPS. The loss of any population within a DPS will result
in (1) a long-term gap in the range of the DPS that is unlikely to be recolonized, (2) loss of
reproducing individuals, (3) loss of genetic biodiversity, (4) potential loss of unique haplotypes,
(5) potential loss of adaptive traits, (6) reduction in total number, and (7) potential for loss of
population source of recruits. The loss of a population will negatively impact the persistence and
viability of the DPS as a whole, as fewer than two individuals per generation spawn outside their
natal rivers. The persistence of individual populations, and in turn the DPS, depends on
successful spawning and rearing within the freshwater habitat, the immigration into marine
habitats to grow, and then the return of adults to natal rivers to spawn. In the Environmental
Baseline, this Opinion outlined the past and present impacts of all state, federal, or private
actions and other human activities in or having effects in the action area that have impacted and
continue to impact this species. The Cumulative Effects section of this Opinion discussed the
effects of future state, tribal, local, or private actions that are reasonably certain to occur within
the action area. The effect of the proposed action was considered in the context of this
information.
No reduction in the overall distribution of Atlantic Carolina DPS sturgeon is expected from the
effects of the proposed action, as animals would be taken from the DPS at large. The adult and
juvenile animals below the dams will experience varying levels of negative effects to fitness
from poor water quality and quantity.
The Atlantic sturgeon Carolina DPS has continued to survive but has been severely impacted
over the course of the decades, struggling against the background of the past and ongoing human
and natural factors (environmental baseline) that have contributed to the current status of the
DPS, and included the proposed action minus the NMFS Fishway Prescription. The conditions
of the recent past are not ideal and a threat to the DPS health. While these current and initial
conditions of the proposed action are not ideal, we believe the DPS will continue to survive. The
NMFS Fishway Prescription is expected to improve habitat conditions in the Santee River, which
will help Atlantic sturgeon. We believe the potential lethal take of 1 animal annually attributed
to the proposed action will not have any measurable effect on the DPS survival. The animals
will come from the Carolina DPS at large, not a specific Santee Cooper population (the animals
could be from any population within the entire DPS). The DPS is expected to produce sufficient
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recruitment to buffer against the loss of one animal each year. After analyzing the magnitude of
the effects of the proposed action, in combination with the past, present, and future expected
impacts to the species discussed in this Opinion, we believe the proposed action is not reasonably
expected to cause an appreciable reduction in the likelihood of survival of the Atlantic Carolina
DPS sturgeon in the wild, and the species/DPS will continue to exist into the future while
retaining the potential for recovery.
Recovery
A Recovery Plan for Atlantic Sturgeon does not exist. NMFS is currently in the process of
assembling a recovery team to draft a plan. However, a Recovery Outline was published to serve
as an interim guidance document to direct recovery efforts until a full recovery plan is developed
and approved.
The Atlantic Sturgeon Recovery Vision states “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 sub-adult and adult life stages must also increase and that
increased recruitment 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 Recovery Outline contains an Initial Action Plan and provides information to help assess the
effects of the proposed action on recovery of the Atlantic sturgeon Carolina DPS. The initial
focus will be to protect extant subpopulations and the species’ habitat through reduction of
threats. Further, NMFS must gather information through research and monitoring on current
distribution and abundance; vessel strikes; effects of climate change; and bycatch. NMFS will
also be seeking fish passage designs that are effective in safely moving sturgeon upstream and
downstream of barriers to migration (i.e., dams) where access to historical habitats is blocked.
Specific actions that are identified as important to recovery may include the following:
•
•
•
•

Improve understanding of population dynamics, population distribution, abundance,
trends, and structure through research, monitoring, and modeling.
Continue researching fish passage designs that allow Atlantic sturgeon access to
historical spawning grounds currently blocked by dams.
Continue research and monitoring of human-caused sources of injury or mortality such
as fisheries bycatch and vessel strikes with the goal of minimizing those impacts.
Develop standardized methods to create reliable abundance indices.

Recovery actions needed in the longer term (important to recovery) may also include:
•
•

Work with dam owners/operators to implement fish passage once designs that
successfully pass fish are identified.
Implement region-wide initiatives to improve water quality in sturgeon spawning rivers,
with specific focus on eliminating or minimizing human-caused anoxic zones.
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•

Implement regional initiatives to improve access to historical habitats and ensure water
withdrawals have minimal impact on Atlantic sturgeon.

The proposed action will have an adverse impact on the Atlantic sturgeon Carolina DPS by
negatively affecting habitat (e.g., allowing continuation of changes in historical river flows) and
killing sturgeon (i.e., would result in a reduction in numbers) which is a concern to recovery
efforts. However, the proposed action will not prohibit moving forward with any of the recovery
actions in the Recovery Outline, and will support some of them. The NMFS Fishway
Prescription (part of the proposed action) requires research to improve understanding of
population dynamics, distribution, abundance, and structure. The proposed action also requires
construction of a fish lift (or other appropriate mechanism) at Santee Dam. The lift would be a
sturgeon friendly fish lift or one that could be modified at any point to be sturgeon friendly,
which would support efforts to allow sturgeon access to above the dams, if conditions above the
dams are found to be appropriate for sturgeon. It also requires study to find safe downstream
passage alternatives, and the ultimate goal is to implement fish passage if environmental
conditions in the lakes would support the fish. The proposed action also requires examination of
ways to improve sturgeon habitat, which could help efforts to reestablish sturgeon to areas of the
Santee River where they do not currently occur. Thus, NMFS expects that the NMFS Modified
Fishway Prescription (research, relocation, conservation efforts) portion of the proposed action
will eventually ameliorate some negative effects resulting from the issuance of the original
license that resulted in the dams and could in some ways support recovery management. That is,
while the proposed action (relicensing) will continue to allow the dams to remain in place which
results in adverse effects to Atlantic sturgeon, the proposed action will also now work to help
support recovery and attempt to address the negative effects of the dams authorized under the
first license.
The proposed action, as fully implemented, is unlikely to have any significant negative influence
on the recovery objectives and trends noted above, even when considered in the context of the of
the Status of the Species, the Environmental Baseline, and Cumulative Effects discussed in this
Opinion. Thus, the proposed action will not impede achieving recovery objectives and will not
result in an appreciable reduction in the likelihood of Atlantic sturgeon Carolina DPS’s recovery
in the wild.
Conclusion
The lethal take of Atlantic sturgeon Carolina DPS animals associated with the proposed action is
not expected to cause an appreciable reduction in the likelihood of either the survival or recovery
of the Atlantic sturgeon Carolina DPS in the wild.
Importantly, this Opinion will require an automatic review of the progress of the NMFS
Modified Fishway Prescription annually to ensure the assumptions that support the conclusions
of the Opinion were accurate and that reinitiation of consultation is not warranted. If the
proposed action is not implemented as described in this Opinion the jeopardy conclusions of this
Opinion will be invalid.
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8.0
Conclusion
After reviewing the current status of the species, the environmental baseline, the effects of the
proposed action, and cumulative effects using the best available data, it is NMFS’s biological
opinion that the proposed action is not likely to jeopardize the continued existence of the
shortnose sturgeon or Atlantic Sturgeon Carolina DPS.

101

9.0
Incidental Take Statement
Section 9 of the ESA and protective regulations issued 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
attempt to engage in any such conduct. Incidental take is defined as take that is incidental to,
and not the purpose of, the carrying out of an otherwise lawful activity. Under the terms of
Section 7(b)(4) and Section 7(o)(2), taking that would otherwise be considered prohibited under
Section 9 or Section 4(d), but which is incidental to and not intended as part of the agency action
is not considered to be prohibited taking under the ESA, provided that such taking is in
compliance with the reasonable and prudent measures and the terms and conditions of the
incidental take statement (ITS) of the Opinion.
9.1 Anticipated Amount of Incidental Take
The numbers presented herein Table 9.1 represent total anticipated annual takes of the species.
Table 9.1 Summary of Anticipated Take Estimates
Species

Shortnose Sturgeon, adults
prohibited from spawning (by
water quantity, water quality, or
dams from reaching historical
spawning sites from section 5.2.1)

Shortnose Sturgeon,
adults/juveniles* prohibited from
foraging downstream past dams

Year = Take
1 = 153
2 = 145
3 = 137
4 = 127
5 = 107
6 = 90
7 = 67
8 = 52
9 = 40
10 = 25
11 = 17
12 = 11
13 = 3
14 = 0
287/209
(annually)
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Lethal (Subset of the Annual Total)
0

0

Shortnose Sturgeon adults,
interaction with Pinopolis Dam
lock drainports (individuals
exposed from section 5.2.3 x
0.79)

Atlantic Sturgeon Carolina DPS
adults, interaction with Pinopolis
Dam lock drainports

1 =121
2 = 114
3 = 108
4 = 101
5 = 70
6 = 56
7 = 38
8 = 26
9 = 16
10 = 5
11 = 1
12 = 0
13 = 0
14 (annually)

1 = 11
2 = 11
3 = 10
4=8
5=7
6=5
7=4
8=3
9=2
10 = 1
11 = 0
12 = 0
13 = 0
1 (annually)

*= We use adults as the surrogate for purposes of take exceedance. There is a casual link between
juvenile and adult numbers (juveniles become the adults and there is direct a relationship between the
two). We are unable to currently accurately survey the juvenile population. We are able to survey and
calculate adult numbers so they represent a clear standard for determining when the level of anticipated
take has been exceeded.
Note- If any of the populations of either species decline over a three year period, or if there is a 20%
decline between any year, FERC shall contact NMFS to discuss whether reinitiation is warranted (to
discuss possible causes, and if potentially related to the proposed action). Reductions will be measured
based on population surveys, which are required.

9.2 Effect of the Take
NMFS has determined the level of anticipated take associated with the proposed action and
specified in Section 9.1 is not likely to jeopardize the continued existence of the shortnose
sturgeon, or the Atlantic sturgeon Carolina DPS.
9.3 Reasonable and Prudent Measures (RPMs)
Section 7(b)(4) of the ESA states that RPMs necessary or appropriate to minimize the impacts of
take, and terms and conditions to implement those measures, must be provided and implemented.
Only incidental taking by the federal agency or applicant that complies with the specified terms
and conditions is allowed.
The RPMs and terms and conditions are required, per 50 CFR 402.14(i)(1)(ii) and (iv), to
minimize the impact of that take on ESA-listed species. These measures and terms and
conditions are non-discretionary, and must be implemented by FERC or applicant for the
protection of Section 7(o)(2) to apply. The FERC has a continuing duty to regulate the activity
covered by this incidental take statement. If it fails to adhere to or require the applicant to adhere
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to the terms and conditions of the incidental take statement through enforceable terms of permits
or other documents, and/or fails to retain oversight to ensure compliance with these terms and
conditions, the protective coverage of Section 7(o)(2) may lapse for prohibited take. To monitor
the impact of the incidental take, FERC must report the progress of the action and its impact on
the species to NMFS (F/SER3), as specified in the incidental take statement [50 CFR
402.14(i)(3)].
We have determined that the following RPMs are necessary or appropriate to minimize the
impacts of future shortnose sturgeon and Atlantic sturgeon Carolina DPS takes or to limit
adverse effects to these species to predictable levels, and to monitor levels of incidental take
during the proposed action:
1. FERC must ensure the SCPSA monitors take, and provides take reports to the FERC
regarding all interactions with protected species at the power facilities and that they are
forwarded to NMFS. FERC/SCPSA must also monitor the spawning population numbers
for any decline and possible need for reinitiation (based on assessment of causes of
decline).
2. FERC must ensure the applicant minimizes the likelihood of injury or mortality resulting
from activities of the proposed action.

3. FERC must ensure that the applicant implements the NMFS Fishway Prescription as
described and communicates regularly with the NMFS SERO Shortnose and Atlantic
Sturgeon Coordinator regarding implementation of the NMFS Fishway Prescription.
FERC must ensure that an adaptive management program is in place to address sturgeon
needs and ensure the Fishway Prescription is working (e.g., water flow changes, habitat
evaluation and restoration, fish passage management).
9.4 Terms and Conditions
To be exempt from take prohibitions established by Section 9 of the ESA, FERC must comply
with or ensure compliance with the following terms and conditions, which implement the RPMs
described above. These terms and conditions are non-discretionary.
The following terms and conditions (T&Cs) implement the above RPMs:
1. a. To implement RPM No. 1, FERC must ensure that the applicant reports all observed
take to the NMFS Southeast Regional Office. Within 72 hours, FERC or the applicant
must notify NMFS by email (takereport.nmfsser@noaa.gov) that a take in the Pinopolis
Lock has occurred. Emails must reference this Opinion by the respective identifier
number SER-2007-7313/SER-2018-00325 (FERC #199-205) and date of issuance. The
email shall also state the type of species taken, date and time of take, location and activity
resulting in take (e.g., draining lock), condition of the fish (i.e., alive, dead, size of the
individual, behavior, identifying features, and any photos that may have been taken).
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FERC must provide NMFS summary reports on an annual basis. These reports shall be
emailed to NMFS’s Southeast Regional Office (takereport.nmfsser@noaa.gov) with the
total number of sturgeon takes that occurred for the year. The reports must include the
same details listed in this T&C above.
b. To assess the effects of the proposed action on the spawning fish below and above the
dams, the SCPSA must ensure population monitoring data is collected annually, in the
action area, such that annual estimates of the spawning population can be calculated and
monitored consistent with previous studies. (FERC must ensure that annual spawning
population numbers are provided to NMFS.)
c. Given that take in the Pinopolis lock will potentially result in mortality, FERC and the
SCPSA shall, in consultation with SCDNR and NMFS, design a method to count the
number of sturgeon that used the lock each lock event, and how many were flushed out
through the drain ports during draining. The methodology must be established by the
date the license is issued.
2. To implement RPM No. 2, FERC must require as a condition of the SCPSA license that
from August 1st to April 30th, the SCPSA shall drain the Pinopolis Lock at the slowest
rate possible, not to exceed 5 ft/s at the drain ports.
3. To implement RPM No. 3, FERC must require as a condition of their license that water
flow regimes as described in the proposed action are followed, and the SCPSA must
immediately work to fund efforts to implement research (e.g., habitat characterization),
restoration, and relocation discussed in this proposed action. Dam safety and integrity
(including human safety) in general are always first consideration in the adaptive
management process. Additionally, FERC must ensure that any activities conducted to
comply with this biological opinion are done by individuals/groups authorized to do so
(e.g., they have a section 10 permit where necessary).
d. FERC shall ensure that a spawning habitat survey/characterization of the Santee River
below the Santee Dam is started no later than 6 months after the license is issued. Habitat
conditions such as substrate suitability can be researched to start (at low flows), with
search for ideal spawning release sites after water flows are increased. Trial flow runs
(length of release to be determined by the RMT) at 2,400 cfs will be considered as soon
as possible (before regular releases at the prescribed flows) to help assess habitat.
Spawning habitat survey/characterization of the lake habitat above Wilson Dam to assess
spawning and foraging habitat locations and suitability will be started no later than 12
months after the license is issued. These surveys will assist relocation and passage so
that negative effects of movement are minimized by placing them in the most optimal
locations possible. This will occur prior to releasing sturgeon into the bypassed reach or
in the lakes (described further below). Key aspects of the characterization shall include
 Presence of hard bottom substrate (e.g., rock, cobble, gravel, limestone,
boulder, etc.)
 Water depths
 Dissolved oxygen levels
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 Water temperature levels
 Salinity
e. FERC shall ensure that minimum instantaneous water flow rates at the Santee Dam are
increased to 1,200 cfs May 1 through November 30, and 2,400 cfs December 1 through
April 30. These flows must be implemented no later than 36 months after license
issuance, and sooner if possible.
f. Subsequent to habitat characterization described in (d), and increased water flows
described in (e), FERC shall ensure that the shortnose sturgeon translocation project is
initiated (i.e., from Cooper River to Santee River as described in the NMFS Fishway
Prescription, including telemetry activities). This shall occur no later than 36 months
from the issuance of the license, and sooner if possible (however, only after specific
appropriate and sufficient spawning habitat is located/or restored the 36 months before).
SCPSA will fund any needed tags and receivers and their maintenance necessary for this
project, and ensure the receivers are in place before translocation is done. The
translocation project progress shall be reviewed by FERC with NMFS after 1 year with
subsequent 1 year reviews from there forward.
g. The RMT shall be formed within 3 months of the signing of this Opinion. The
committee shall establish clear meeting protocols, which will include recording minutes
of the meeting for the record and may include other procedural details. The authority and
responsibilities of the committee are as provided in this biological opinion and NMFS’
associated Fishway Prescription.
h. Based on the results of (d) and telemetry information gathered (e.g., through (f)) FERC
shall require SCPSA to initiate activities to conduct spawning habitat restoration as
necessary to minimize effects to relocated sturgeon (activities must be approved by
NMFS in consultation with the RMT). Substrate must match the characteristics defined
in the Atlantic sturgeon critical habitat rule. These efforts shall be conducted under RMT
guidance, and must be consistent with the requirements of the Prescription.
i. FERC shall ensure that multiple life stages of sturgeon are monitored annually in the
action area, to characterize the population structures and monitor dynamics. Sampling
activities will be implemented by the SCPSA (using previously used sampling
methodologies and design already permitted by NMFS under section 10 of the ESA), but
reviewed by the NMFS Shortnose and Atlantic Sturgeon Coordinator at SERO for
approval. Adult spawning animals and YOY must be given high priority. Sampling must
be initiated the date the License is issued in order to provide a baseline to which
subsequent sampling years may be compared to determine if the proposed action is
resulting in sturgeon recruitment. Behavior of the landlocked population must be part of
any studies.
j. Within 9 months of the issuance of the License, the SCPSA shall initiate research
regarding solutions to, and possible design of, safe and effective downstream passage. It
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shall also review existing upstream options to determine if additional research is required
relative to them.
k. During implementation of the NMFS Fishway Prescription, FERC shall ensure that the
SCPSA (in consultation with the SCDNR and NMFS) examines DO, depth, and
temperature levels in the Santee River below the Wilson Dam after the increased water
flows are initiated. Additional increases to flows determined by NMFS to be necessary
shall be implemented if necessary to accommodate sturgeon needs (this will be done by
SCPSA in consultation with FERC). This includes levels necessary to ensure passage at
riffles, water quality (DO, salinity, temperature that supports life stages present at a given
month), and migration. Measures shall include a mechanism to ensure adequate flow for
sturgeon during low flow years to the maximum extent possible.
FERC must ensure that license mandates that the river is at least 4 ft deep throughout the
river, especially at key riffle areas in the bypassed reach, and include confirmation of this
in reporting to NMFS. This will be part of a project operations and downstream flow
monitoring plan to ensure compliance with the minimum flow schedules. The RMT shall
develop (and FERC shall ensure that SCPSA implements) a mechanism (i.e., through
flows or another means as necessary) to maintain an instantaneous minimum DO or other
conditions at the benthos (e.g., required depth at riffle areas) throughout the Santee River
bypassed Reach that would be necessary to protect sturgeon and avoid mortality. Water
quality parameters shall meet the following minimum requirements
 If at all possible, dissolved oxygen will be maintained at 6.0 mg/L or
greater, if not the remaining thresholds will be met;
 If water temperature is greater than 25 °C, dissolved oxygen must not be
less than 5.0 mg/L for longer than 30 days;
 Dissolved oxygen shall never be less than 4.3 mg/L;
 Temperatures of 13 to 26 °C shall be maintained to support spawning
habitat;
 All measurements must be taken at the bottom of the water column.
In the event that the SCPSA is having difficulty achieving temperature and dissolved
oxygen requirements, the SCPSA shall work with the RMT to determine the reasons, to
explore possible solutions, and to determine whether any temporary relaxation of criteria
thresholds is acceptable for some limited time based on conditions (e.g., drought), to
what extent, in which parts of the river system, and for how long. Changes (which will
be temporary) to criteria will be submitted to NMFS for approval.
l. FERC shall ensure that SCPSA evaluates backwater effects that exist from flows out of
the re-diversion canal after implementation of the new water flows, and if they occur
work to address them through modified water flows or other mechanisms (e.g. structural
exclusion device to keep sturgeon from going up the canal) to ensure that sturgeon are
not impeded from migrating up the bypassed reach. Any results of an evaluation and
accompanying proposed actions to address backwater effects shall be submitted to the
NMFS Shortnose and Atlantic Sturgeon Coordinator at SERO for approval.
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m. FERC shall ensure (in consultation with NMFS) that the SCPSA conducts sampling in
fall in the Cooper and Santee Rivers to determine if fish are attempting to spawn. If
sturgeon are spawning in the Cooper River in the fall, SCPSA shall contact NMFS so that
NMFS can determine whether relocation to the Santee River bypassed reach is advisable.
If habitat restoration (e.g., increased flows) in the Santee River bypassed reach is
necessary to support relocation (of Atlantic sturgeon for example) to the bypassed reach
in additional months (months with only 1,200 cfs), it will be pursued.
n. Within 10 years (or sooner if deemed appropriate by NMFS, in consultation with the
RMT, based on (j) and habitat suitability) from issuance of the license, the RMT shall
revisit available sturgeon and habitat data and determine whether sturgeon should be
passed above the dams.
o. FERC and SCPSA must provide an annual report to the NMFS Shortnose and Atlantic
Sturgeon Coordinator on the success of the movement of sturgeon from the Cooper River
to the Santee River, including, but not limited to, number moved, behavior (e.g., if fish
used the habitat, any spawning activity, and the level of successful recruitment.
p. If fish are later moved to Lake Marion, FERC and SCPSA must provide an annual
report to NMFS on the success of this movement, including but not limited to
survivorship and passage through the dams.
q. The SCPSA, in coordination with the RMT, shall fund a survey (i.e., side scan sonar or
other suitable technologies) of the Cooper and Santee rivers to start assessing the
sturgeon populations within six months of license issuance. Suveys must continue until
the license expires, or both sturgeon are recovered and de-listed, or NMFS decides they
are no longer necessary.
r. FERC must ensure that any implementation of the USFWS Prescription does not
impede sturgeon recovery.
s. FERC must require as a condition of their license that adaptive management
approaches will be evaluated and implemented to address any sturgeon survival, habitat,
and reproduction needs.
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10.0 Conservation Recommendations
Section 7(a)(1) of the ESA directs federal agencies to utilize their authorities to further the
purposes of the ESA by carrying out conservation programs for the benefit of endangered and
threatened species. Conservation recommendations are discretionary agency activities to
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to
help implement recovery plans, or to develop information.
NMFS believes the following conservation recommendation furthers the conservation of listed
species. NMFS strongly recommends that this measure be considered and implemented by
FERC and/or SCPSA:
1. FERC, in consultation with SCDNR and NMFS, should support research to determine
whether the shortnose sturgeon population above the dams has permanently adapted to an
upriver reproductive and feeding cycle and life history strategy.
In order for NMFS to be kept informed of actions minimizing or avoiding adverse effects or
benefiting listed species or their habitats, NMFS requests notification of the implementation of
any conservation recommendations.
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11.0 Reinitiation of Consultation
This concludes formal consultation on the proposed action. As provided in 50 CFR 402.16,
reinitiation of formal consultation is required if discretionary federal action agency involvement
or control over the action has been retained, or is authorized by law, and if (1) the amount or
extent of the taking specified in the incidental take statement is exceeded; (2) new information
reveals effects of the agency action that may affect listed species or designated critical habitat in
a manner or to an extent not previously considered in this Opinion; (3) the identified action is
subsequently modified in a manner that causes an effect to listed species or critical habitat that
was not considered in the Opinion; or (4) a new species is listed or critical habitat designated that
may be affected by the action.
Additionally, FERC shall contact NMFS to conduct an automatic review of the progress of
the NMFS Fishway Prescription annually from the date this Opinion is signed to assess
NMFS Fishway Prescription progress and to ensure that the assumptions that support the
conclusions of the Opinion were accurate (NMFS, in consultation with the SCDNR will
make these determinations) and that reinitiation of consultation is not warranted. This
includes, but is not limited to, assessing the overall progress and eventual success of the
relocation of spawning fish from the Cooper River to the Santee River. Progress must be
made toward implementation of the NMFS Fishway Prescription (meeting the specific
details outlined in the Proposed Action section 2 and the Terms and Conditions of this
Opinion), and once fish are moved there must be evidence of survival, spawning, and
recruitment. If no progress on implementation occurs reinitiation is required. If after fish
are moved but they do not survive, do not spawn, or spawn but there is no recruitment
within 4 years of spawning, FERC must contact NMFS to discuss if reinitiation of
consultation must occur.
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