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From: David Henkin
To: DLNR.FW.HCP
Subject: [EXTERNAL] ESRC Review of KSHCP
Date: Friday, May 15, 2020 3:36:51 PM
Attachments: 2020-4-13 EJ Comments on FWS KSHCP.pdf

To Whom It May Concern:
Thank you for the opportunity to review the latest draft of the Kauaʻi Seabird Habitat Conservation
Plan (KSHCP). Please convey the following comments to the members of the Endangered Species
Recovery Committee for their consideration at Monday’s meeting.
Initially, please find attached our comments on the March 2020 version of the KSHCP that the U.S.
Fish and Wildlife Service put out for public comment. While the latest draft of the KSHCP has made
some improvements (e.g., regarding predator control, as discussed below), it fails to address critical
flaws in the earlier draft, in particular the failures to mandate that applicants minimize their use of
outdoor lighting with a high percentage of short-wavelength light or to address deficiencies in the
Participant Inclusion Plans (PIPs).
Specifically with respect to the recommendations for light minimization, we strongly dispute the
draft KSHCP’s claim that those recommendations—which fail to mandate reductions in short-
wavelength light—represent “the best available science.” 5/20 Draft KSHCP at 46. As discussed in
the attached letter, there is a large body of peer-reviewed science that establishes the harmful
impact of short wavelengths of light on seabirds, including the Newell’s shearwater, one of the
“Covered Seabirds” that this HCP is supposed to protect. See, e.g., Longcore, T, et al., “Rapid
assessment of lamp spectrum to quantify ecological effects of light at night,” J. Exp. Zool. 2018:1‐11;
Rodríguez, A., et al., “Reducing light-induced mortality of seabirds: High pressure sodium lights
decrease the fatal attraction of shearwaters,” J. for Nature Conservation 39 (2017) 68–72; see also
Draft National Light Pollution Guidelines for Wildlife Including Marine Turtles, Seabirds and
Migratory Shorebirds, Commonwealth of Australia (2019) (all attached).
We also want to bring to your attention what appears to be a typo in the manner in which the draft
KSHCP calculates observed lethal take. The draft states that “the Applicant multiplies its total
observed take by 12% to determine its observed lethal take.” 5/20 Draft KSHCP at 65; see also id. at
66 (“Lethal take = 100% undiscovered birds + 12% of birds that are discovered and turned into
SOS”). Of course, if seabirds are already dead when they are discovered or die by the time they are
turned over to SOS, 100% of such birds should be considered lethal take. Accordingly, we suggest
that the draft be revised to provide on page 65 that: “the Applicant multiplies its total observed take
of birds that are turned over to SOS alive by 12% and then adds the total number of birds that are
discovered dead or that die prior to being turned over to SOS to determine its observed lethal take.”
Page 66 of the draft should similarly be revised to provide that: “Lethal take = 100% undiscovered
birds + 100% of birds that are discovered dead + 100% of discovered birds that die prior to being
turned into SOS + 12% of birds that are discovered and turned into SOS alive.”
We appreciate the improvements that this latest draft has made to the requirements for reducing
predators at facilities (section 5.3.2). We question, however, why the draft limits mandated predator
control efforts to only “immediately prior to” and during the fallout season. 5/20 Draft KSHCP at 47.
While the fallout of fledging seabirds may occur primarily during the peak fallout period, fallout of
adults occurs throughout the time the seabirds are on-island. These adults must also be protected
from predators. Moreover, without year-round predator control, one cannot achieve the same level
of reduction in predator numbers at Covered Properties. For these reasons, the KSHCP should
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require year-round efforts to reduce predators.
We support the draft’s requirement that trapped that feral animals must be removed from the
Covered Properties and may not be returned, even if neutered. 5/20 Draft KSHCP at 47. The draft
creates unnecessary and unhelpful ambiguity, however, when it specifies that “Permittees shall not
return feral animals to KSHCP Covered Properties even if neutered,” which may suggest to some 
that feral animals may be released elsewhere. Id. (emphasis added). The draft should be revised to
make absolutely clear that trapped feral animals may not be released anywhere, not just on Covered
Properties. After all, if a feral animal (even if neutered) is released elsewhere on Kauaʻi (or, for that
matter, elsewhere in the state), it can continue to kill Covered Seabirds in other locations.
Finally, we note that the PIPs currently do not comply with the requirements for predator control as
specified in this latest draft of the KSHCP. For example the PIP for Kauaʻi Marriott Resort does not
meet the minimum criteria for searching (i.e., it does not provide for searches twice per day,
including first thing in the morning). Before approving any of the PIPs, the ESRC must ensure they
comply fully with all KSHCP requirements.
Thank you for your consideration of these comments. Please feel free to contact me to discuss our
concerns.
Regards,
David Henkin
(pronouns he/him)
Attorney 
Earthjustice 
850 Richards St., Suite 400 
Honolulu, HI 96813 
T: 808-599-2436
F: 808-521-6841 
www.earthjustice.org
The information contained in this email message may be privileged, confidential and protected from 
disclosure. If you are not the intended recipient, any dissemination, distribution or copying is strictly 
prohibited. If you think that you have received this email message in error, please notify the sender by 
reply email and delete the message and any attachments.
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April 13, 2020 

Via Electronic Mail 

U.S. Fish and Wildlife Service 
Pacific Islands Fish and Wildlife Office 
KauaiSeabirdHCP@fws.gov 

Re: Kauaʻi Seabird Habitat Conservation Plan and Draft Environmental Assessment, Kauaʻi, 
Hawai‘i, 85 Fed. Reg. 14,497 (Mar. 12, 2020)  

To Whom It May Concern: 

Earthjustice submits these comments on behalf of Hui Ho‘omalu i Ka ‘Āina, Conservation 
Council for Hawai‘i, Center for Biological Diversity, and American Bird Conservancy in 
response to the U.S. Fish and Wildlife Service’s (FWS’s) request for comments on the draft 
Kauaʻi Seabird Habitat Conservation Plan, dated March 2020 (KSHCP) and associated draft 
environmental assessment (EA). See 85 Fed. Reg. 14,497 (Mar. 12, 2020). We incorporate by 
reference the comments that Andrea Erichsen submitted last November on the State of Hawai‘i 
Division of Forestry and Wildlife’s (DOFAW’s) version of the draft KSHCP (attached) and 
submit the following additional comments for your consideration.  

We appreciate the tremendous amount of time and effort that have gone into developing the 
KSHCP and, ultimately, would like to see it move forward and succeed. As discussed in further 
detail below, we are unable to support the KSHCP in its current form due to several deficiencies 
that fail to ensure that Applicants will “minimize and mitigate” incidental take “to the 
maximum extent practicable.” 16 U.S.C. § 1539(a)(2)(B)(ii). This is particularly so for the state 
agency Applicants—the County of Kauaʻi and the Hawai‘i Department of Transportation—
which have broad authority over a wide range of properties, facilities, and infrastructure, and 
are responsible for a significant portion of take of Covered Seabirds throughout Kauaʻi. 
Moreover, the draft DA fails to consider reasonable alternatives that would reduce harm to 
Covered Seabirds by restricting the use of outdoor lighting fixtures with a high amount of 
short-wavelength light. 
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longer wavelength, or warmer colored light.3 The draft KSHCP acknowledges the harmful 
impact of short wavelengths of light, but only for sea turtles, improperly ignoring the body of 
peer-reviewed scientific literature establishing harm to seabirds from such lighting.4 

Shielding lights—without also controlling the color spectrum and power output—fails to 
minimize seabird attraction. For example, a shielded white, hot light can reflect off of white 
surfaces such as walls or cars and create a massive nighttime lighting problem. 

Picture taken in 2018 by the Center for Biological Diversity 

3 See Longcore, T, et al., “Rapid assessment of lamp spectrum to quantify ecological 
effects of light at night,” J. Exp. Zool. 2018:1‐11; Rodríguez, A., et al., “Reducing light-induced 
mortality of seabirds: High pressure sodium lights decrease the fatal attraction of shearwaters,” 
J. for Nature Conservation 39 (2017) 68–72; see also Draft National Light Pollution Guidelines for
Wildlife Including Marine Turtles, Seabirds and Migratory Shorebirds, Commonwealth of
Australia (2019). These studies are attached.

4 See KSHCP Appendix E, § 1.13 (requiring “[l]ong wavelength lights … for all 
construction visible from and adjacent to sea turtle nesting beaches”). 
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The KSHCP should, therefore, include mandatory outdoor lighting requirements that specify: 
(1) the required color spectrum — no greater than 2200 Kelvin (K) (for non-filtered LEDs) or a
blue-light percentage of less than 2% (or the sum of energy between 400 and 500 nanometers
divided by the sum of energy between 400 and 700 nanometers), (2) the maximum lumens – no
greater than 1000 lumens for any individual exterior light, and (3) that full shielding and full
cut-off are required.  Should an Applicant need to install a specific light that does not meet these
standards, the Applicant must be required to justify the specific need for this type of light. The
goal for each Applicant’s PIP should be to substantially reduce the overall brightness of their
facilities, as measured by a high-quality light meter detector, and maintain these reductions for
the life of the KSHCP.

The KSHCP should also require Applicants to implement a two-week dark skies period during 
which outdoor lighting is further restricted (i.e., the maximum number of lights are shut off and 
non-essential activities are curtailed) to minimize to the extent practicable the take of Covered 
Seabirds during the peak of fledging season, i.e., during the 2- to 3-week period around the 
October new moon.   

Moreover, we strongly object to the assertion in the KSCHP that “[a]pproximately 50% of the 
total downed birds recovered by [Save Our Shearwaters] are not currently attributable to any 
specific, consistent, or known source of light attraction. For this portion of light attraction 
impact, there is currently no identifiable entity to apply for take authorization … .”5 The County 
has broad authority and responsibility to regulate outdoor lighting across the island and, 
therefore, is responsible for incidental take caused by inadequate regulation of outdoor lighting. 
The County, therefore, should in its PIP commit to adopting outdoor lighting standards as well 
as outdoor lighting zoning ordinances for new and existing structures. Relatedly, the County 
should hire a full-time employee to: (1) conduct lighting audits during the non-seabird season 
(December through March), (2) conduct education and outreach training sessions during the 
early seabird season (March through August), and (3) conduct nighttime island-wide patrols for 
problematic lighting that has recently come online during the peak seabird fallout season 
(September through November). In other words, this employee’s position would be to ensure 
that the County makes continuous progress over time to reduce problematic lights, rather than 
backsliding whenever a new building is built, or a light bulb is replaced. 

For example, when the new Ross Store opened on Kauaʻi several years ago, no one flagged for 
that business that the seaward-facing lights it had installed just two blocks from the ocean 
would harm seabirds. Simple education to the owners of that store could have immediately 
alleviated another bad exterior lighting situation, but there was simply no one available to do 
so. If the County had an employee whose job was to educate businesses, then this could have 
been avoided. 

5 KSHCP at 37. 
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Likewise, in October of 2017, there was a large concert at the Cabana Bar and Grill in Po‘ipū on 
October 20th (the date of the new moon). The concert had set up five horizontal floodlights to 
illuminate the parking areas. These floodlights could be seen for miles around. Within minutes 
of arriving there, staff from the Center for Biological Diversity observed several Newell’s 
shearwaters circling these lights. This particular concert event illustrates that, without dedicated 
staff paid by the County to address seabird lighting, the Newell’s shearwaters will continue 
declining towards extinction. 

Floodlights at Po‘ipū Concert on new moon of October 2017 

B. Outdoor Lighting (PIPs)

Given the precipitous declines in the populations of the Covered Seabirds and the impact of 
artificial light on adult and fledging birds, there is an urgent need for each Applicant to take 
immediate action to minimize light hazards at each site to the maximum extent possible, with 
special attention to the highest risk areas (i.e., those with the greatest light footprint). For each 
site, priority should be given to removal, replacement, shielding or modification of light fixtures 
that are known to pose the greatest risk to over-flying seabirds (i.e., documented 
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attraction/collision). Prior to each breeding season, Applicants should ensure staff are trained 
on how to respond to and rescue downed birds and follow the appropriate reporting protocols. 

C. Predator Control (KSHCP Section 5.3.2)

The KSHCP’s requirements for predator control are too simplistic and vague. Although the 
KSHCP requires that Applicants prohibit loose, free-roaming animals, and conduct a trapping 
and removal program,6 the KSHCP should include more specific standards for predator control, 
especially in light of the fact that many of the PIPs lack adequate details or commitments to 
control predators. For example, the County’s PIP lacks any commitments to control feral cats, 
which is unacceptable.7 

In addition to requiring that trapped and removed feral cats and dogs “not be returned to the 
facility even if neutered,” the KSHCP should additionally prohibit these predators from being 
released anywhere on Kauaʻi or any other Hawaiian island that has nesting seabirds.8 These 
trapped predators should either be humanely euthanized or be placed in permanent facilities 
where they cannot harm wildlife and will be treated humanely. We are cognizant that costs for 
“no-kill” options may be substantial particularly in relation to the limited conservation benefit 
derived from this humane alternative. Furthermore, we are very concerned regarding the 
requirement that trapped animals be brought to the Kauaʻi Humane Society, since it is currently 
charging high fees to accept feral animals, which effectively makes this option impracticable. 
The KSHCP should include an alternative that would allow for feral animals to be humanely 
put down. 

II. METHODS FOR DETERMINING TAKE (KSHCP SECTION 6.2.2.1)

For the purposes of estimating unobserved lethal take as part of the incidental take 
authorization process, the KSHCP requires Applicants to assume that only half (50%) of the 
seabirds that fallout are actually found and turned in to Save Our Seabirds.9 However, 
Applicants have the option of demonstrating that their searcher efficiency rate is greater than 
50% to justify lowering their projections for unobserved lethal take.10  

Some of the Applicants, in their PIPs, have deviated from the 50% searcher efficiency rate 
without providing adequate data to justify these deviations. These Applicants—i.e., Norwegian 

6 Id. at 47. 
7 County of Kauaʻi PIP at 12, Table 5. 
8 KSHCP at 47. 
9 Id. at 64. 
10 Id. 
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Cruise Lines (100%), Princeville Resort Hotel (90%), and Sheraton (90%)—should provide data 
to support these search efficiency rates, which appear unreasonably high.  

III. MONITORING

A. Compliance Monitoring (KSHCP Section 6.8.1)

It appears that the KSHCP proposes to monitor compliance with minimization and mitigation 
actions annually, with the potential for follow up site visits to validate compliance.11 Annual 
compliance monitoring based on predictable, annually submitted reports, would be inadequate 
for ensuring compliance with minimization and mitigation measures and limits the ability for 
mid-season course correction. The KSHCP should specify that this annual review occur pre-
fallout season (March-May) and include unscheduled, third-party compliance monitoring during 
peak fallout season to better ensure that minimization and mitigation measures are properly 
implemented.  

B. Take Monitoring (KSHCP Section 6.8.3)

The KSHCP appears to include two options for monitoring take: (1) self-monitoring, and (2) 
DLNR monitoring, which “requires Participant funding & DLNR consultation;”12 however, the 
KSHCP lacks any detail on what DLNR take monitoring would entail or how much it would 
cost. Moreover, given the choice, all Applicants have selected self-monitoring.13 Self-monitoring 
would be ill-advised and inadequate given Applicants’ and their employees’ inherent bias to 
under-report take. The KSHCP should instead require that take monitoring be conducted by a 
third-party, and possibly provide a DLNR or other government agency option for take 
monitoring.  

IV. MISSING TEXT IN KSHCP APPENDICES

In both Appendix A and Appendix C, there are several tables where it appears that FWS 
inadvertently deleted information from various cells where information was provided in the 
draft KSHCP that DOFAW circulated last year, leaving those cells blank. Examples of this 
include:  (1) Table 13.1 in Appendix A, where all information related to “Pre-Construction” 
actions and the first entry for “Rodent Trapping Post Construction Actions” have been deleted; 
(2) Table 6 in Appendix C, where some values for “within fence” scenarios have been deleted;
and (3) Table 7 in Appendix C, where the “Difference” values have been deleted.

11 Id. at 76. 
12 See, e.g., County of Kauaʻi PIP, at 19. 
13 See, e.g., id. 
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We assume that these deletions were inadvertent and encourage FWS carefully to review the 
final version of the KSHCP to ensure that all information is provided. 

V. FAILURE TO CONSIDER REASONABLE ALTERNATIVES IN ENVIRONMENTAL
ASSESSMENT

The National Environmental Policy Act (NEPA) requires FWS to “study, develop, and describe 
appropriate alternatives to recommended courses of action in any proposal which involves 
unresolved conflicts concerning alternative uses of available resources.” 42 U.S.C. § 4332(2)(E); 
see also id. § 4332(2)(C)(iii). The alternatives section “is the heart of the environmental impact 
statement,” 40 C.F.R. § 1502.14, and “applies whether an agency is preparing an [environmental 
impact statement] or an EA.” Native Ecosystems Council v. U.S. Forest Serv., 428 F.3d 1233, 1245 
(9th Cir. 2005).  The purpose of the alternatives requirement is to "inform decisionmakers and the 
public of the reasonable alternatives which would avoid or minimize adverse impacts or 
enhance the quality of the human environment.” 40 C.F.R. § 1502.1. 

FWS’s draft EA for the KSHCP considers only two action alternatives: (1) the proposed action, 
as reflected in the draft KSHCP, and (2) the proposed action “with the addition of seabird 
translocation as part of the mitigation measures.” Draft EA at 8. The draft EA fails to consider 
any alternatives that would minimize adverse impacts on Covered Seabirds by controlling the 
color spectrum and power output of outdoor lighting fixtures used by Applicants; requiring 
Applicants to implement a two-week dark skies period during the peak of fledging season; 
requiring the County of Kauaʻi to adopt outdoor lighting standards as well as outdoor lighting 
zoning ordinances for new and existing structures and to conduct lighting audits; and requiring 
effective control of feral cats and other predators. FWS’s failure to evaluate any alternatives that 
include these feasible, reasonable measures to minimize adverse impacts to Covered Seabirds 
violates NEPA. 

Mahalo for the opportunity to provide these comments. Should you wish to discuss these 
comments, please do not hesitate to contact the undersigned or David L. Henkin at (808) 599-
2436, kwager@earthjustice.org, or dhenkin@earthjustice.org.   

Sincerely, 

Kylie W. Wager Cruz 

Attachments 
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Andrea Erichsen 
 

November 7, 2019 

Via Email 

Jim Cogswell 
Department of Land and Natural Resources, State of Hawai‘i 
1151 Punchbowl Street, Room 325 
Honolulu, Hawai‘i 96813 
james.m.cogswell@hawaii.gov 
dofaw.hcp@hawaii.gov 

Re:  Comments on the Kauaʻi Seabird Habitat Conservation Plan – DRAFT August 2019 

Dear Mr. Cogswell: 

Mahalo for the opportunity to submit comments on the draft Kauaʻi Seabird Habitat Conservation Plan 
(KSHCP), dated August 2019. I am an ornithologist, behavioral ecologist and environmental toxicologist 
who has worked on a wide range of wildlife and avian projects in the private, public and academic sec‐
tors across the country. From 2005‐2013, I coordinated the development, planning and writing for the 
KSHCP and provided technical assistance to public and private sectors regarding seabird conservation 
and best practices to reduce light pollution across the state. I have spent thousands of hours observing 
lights across the state as well as seabird behaviors. As part of this process, I have become very familiar 
with facilities and lights across Kaua’i as well as the fallout associated with locations across the island. 

Overall, I appreciate the tremendous amounts of time and effort that have gone into preparing the 
KSCHP. This draft is a critical first step toward bringing the Applicants into compliance with federal and 
state endangered species laws. There are, however, fundamental areas of the KSHCP in need of im‐
provement, such as monitoring as well as predator control. Moreover, although the Participant Inclusion 
Plans (PIPs) contain some essential information for assessing their incidental take applications, there are 
several critical areas that require clarification and/or improvement. My comments on the KSHCP and the 
PIPs are discussed in further detail, below.  

Measures To Avoid and Minimize Take Impacts (KSHCP Section 5.3) 

Below are some questions and suggestions regarding certain aspects of the proposed avoidance and 

mitigation strategies. 

Adjusting Lighting at Facilities (KSHCP Section 5.3.1) 

To this section’s bullet list, I recommend refining criteria and information related to the last bullet “use 

longer wavelengths,” which could also be inserted as an update to Appendix E item 13. Minimization of 

lights should indicate which lamp types and wavelength spectra to avoid (e.g. blue‐white) as well as 
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what wavelengths to use (e.g. yellow‐orange), balancing needs for color rendering and light intensities 

needed for Covered Activities. The addition of more guidelines/criteria related to this topic seems to be 

particularly important when evaluating LED lamps that tend to emit light in the shorter blue wave‐

lengths. Longcore et al. (2018) discusses models that can help to assess the ecological effects of lights 

with varying spectral characteristics.1 For current PIP adjustments and future lighting planning, one ap‐

proach may include avoiding use of lamps with high actinic power and evaluating lamp effects using the 

actinic power/lux model and CCT model values for Newell’s Shearwater. Updating this information will 

complement what is in Appendix E item 13. 

Reducing Predators at Facilities (KSHCP Section 5.3.2, Items 1 and 2) 

The requirements for reducing predation are too general and vague. Because many of the PIPs lack ade‐

quate detail or plans to reduce predation, these requirements should be strengthened to contain more 

specific minimum standards. Regarding the trapping and removal of feral cats and dogs (Item 2), the 

KSHCP should specify that trapping must occur year‐round, rather than only around fallout season, to 

ensure that feral animal populations are more effectively controlled. Regarding prohibiting loose, free‐

roaming cats and dogs, the KSHCP should specify how this prohibition will be monitored and enforced. 

The KSHCP should require Applicants to bring animals to licensed animal care facilities where they will 

be treated humanely and not released anywhere on Kauaʻi, thus providing more options rather than just 

recommending the Kauaʻi Humane Society.  

Conducting Seabird Awareness Training and Outreach (KSHCP Section 5.3.3) 

The second paragraph 

● The first sentence states: “Under approved PIPs, each Participant is required to conduct annual

outreach and training for workers at their facilities that is specific to Covered Seabirds beginning

in Year 1 of the KSHCP.” This sentence should be clarified to reflect that Participants must con‐

duct facility‐wide outreach to guests/customers and also provide Seabird Awareness and Re‐

sponse Training to workers so they can help spot downed seabirds and know how to respond in

a timely manner. Workers should also be required to communicate to supervisors about prob‐

lems with lights. The KSHCP should specify that such Seabird Awareness and Response Training

must be completed prior to September 15 of each year and within the first day of employment

for new employees hired within the fallout season.

● The second paragraph, second sentence states: “A detailed slideshow presentation was devel‐

oped on this subject will be provided by the Prime Contractor staff on request.” The meaning of

this sentence is unclear but it seems the intent is for the Prime Contractor to develop and pro‐

vide a detailed slide presentation. What is the purpose of this presentation? Is it required or just

a guide? The KSHCP should state that the Participants will receive a copy for use. The training

must emphasize effective and required search techniques.

1  Longcore, T, Rodriguez A, Witherington B, Penniman JF, Herf L, Herf M. Rapid assessment of lamp 
spectrum to quantify ecological effects of light at night. J. Exp. Zool. 2018:1‐11. 



Jim Cogswell 
Department of Land and Natural Resources, State of Hawai‘i  
November 7, 2019 
Page 3 

Monitoring (KSHCP Section 6.8) 

The most significant weakness of the KSHCP is monitoring (Section 6.8).  

Compliance Monitoring (KSHCP Section 6.8.1) 

Merely reviewing annual compliance reports, with the possibility for follow‐up site visits, would be inad‐

equate to ensure that Participants’ plans and obligations to minimize and mitigate take are being imple‐

mented and effective. This annual review of compliance reports should occur pre‐season (March‐May) 

to better ensure compliance before the Covered Seabirds return to the island and are at risk.  Moreover, 

the KSHCP should include unscheduled third‐party monitoring of site conditions (e.g. lighting and preda‐

tor control) during peak fallout season. Waiting until review of the following year’s annual compliance 

review would eliminate the ability to correct deficient minimization and mitigation measures immedi‐

ately, mid‐season. Perhaps it could be an additional function of the Prime Contractor to evaluate details 

of monitoring plans and predator control efforts (duties are listed in Table 6‐1).  

Take Monitoring (KSHCP Section 6.8.3) 

There are discrepancies between the KSHCP’s template Monitoring Plan (Item 9) and the PIPs. The tem‐

plate should be clarified and the PIPs updated to specify what is meant by self‐monitoring (Option 1) 

and DLNR‐sourced monitoring (Option 2). Given the choice between self‐monitoring and DLNR‐sourced 

monitoring, all applicants have selected self‐monitoring. Based on my regulatory and monitoring experi‐

ence, self‐monitoring is not reliable or effective because of Participants’ and their employees’ inherent 

bias against effectively documenting take. Thus, the KSHCP should justify why self‐monitoring is deemed 

sufficient and how DLNR‐sourced monitoring would differ in effectiveness and cost.  

Because the PIPs’ monitoring plans lack sufficient details to ensure adequate search of harder to search 

areas, the KSHCP’s “guidelines” for take monitoring, Table 6‐4, should include more specific search re‐

quirements. Specifically, the KSHCP should require that searches be extremely thorough and include 

looking under and within ground cover, landscaping, drainage ditches, and around water features, for 

example. Morning searches should occur within 1 hour before sunrise, and if up to 3 hours is deemed 

sufficient (e.g. open areas, no prevalence of loose predatory animals), the searches (and training) must 

clearly include how to search all vegetation and structures/vehicles. Employees must search underneath 

all vehicles before they are moved at night and first thing in the morning.  

The guidelines for monitoring of loose predatory animals in Table 6‐4 must be clarified to better define 

when to inform management and how (i.e., immediately via email or phone) and what actions manage‐

ment will take within a specific timeframe. It is important to act immediately during the fallout season. 

Participant Inclusion Plans 

With the exception of Norwegian Cruise Lines (which does not have feral animals aboard its vessels), all 

PIPs lack adequate methods to reduce and manage the presence of loose/feral/fed animals—predomi‐

nantly cats. In addition to DLNR including clearer minimum standards in the KSHCP, discussed above, the 

Participants must include more detailed information in their PIPs regarding how they will monitor and 

humanely control loose/feral/semi‐tamed cat colonies within and adjacent to their facilities during the 
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fallout season or throughout the year. My specific comments on each of the eight PIPs are included in 

the attached table.2  

Please contact me should you have any questions regarding my comments on the draft KSHCP. 

Sincerely, 

Andrea Erichsen 

2  The descriptions of site conditions in the table are based on my personal observations made in Octo‐
ber 2019. 
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Norwegian Cruise 
Lines 

1. Page 360:  De‐
scription of facility

2. Part 2, Page 381‐
82, Tables 11‐14:
Take estimates

3. Appendix B:
Manufacturers
specification sheets
for exterior lighting
fixtures

1. NCL is seeking coverage for all
activities associated with operating
its vessels, including but not lim‐
ited to the Pride of America, in Ha‐
waiian waters and says that all ves‐
sels have similar lighting.

SOS on Kauai is the only rehabilita‐
tion facility mentioned.  

Table 5, page 369, states: under 
hosting an SOS station: “Not appli‐
cable on an ocean going ship –
there is a SOS Aid Station at the 
harbor where any downed birds 
are placed.” 

2. Take estimates for all species
seem low and are not broken
down by vessel. Tables 12‐14 are
empty.

3. Some lights do not satisfy the re‐
quirement to avoid take to the
maximum extent practicable in
that they are not fully shielded, full
cutoff lights, e.g., globe lights (Page
405) and half‐moon lights (Page
389).

1. The A&M plan should discuss/clar‐
ify SOS type services/plans for other
islands such as Maui, Honolulu and
Big Island in case a seabird is recov‐
ered during transit.

2. NCL should provide the data it has
collected on its own as part of its sea‐
bird monitoring and recovery efforts
and report take estimates by vessel. It
seems certain that some birds that
collide with the ship at night will fall
into the ocean. Therefore, search effi‐
ciency would not be 100% unless NCL
has a method to document this. In ad‐
dition, birds that fall off the ship, must
be attributed as lethal take since the
outcome of the bird’s survival is un‐
known.  Tables 12‐14 should be com‐
pleted.

3. Globe lights and half‐moon lights
should be modified/replaced to be
fully shielded with full cutoff.
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Princeville Resort 
Kauaʻi  

1. Item 2, Page 469,
Tables 11‐13:  Re‐
quested Take

1. Tables 11‐13 are empty and ap‐
plication of a 90% search efficiency
seems unjustifiably high.

1. Tables 11‐13 should be completed.

Application of a 90% searcher effi‐
ciency seems high. The Participant 
should provide the map data and dis‐
cussion as to why the analysis used is 
sufficient for that site. 

Based on my assessment of the site, I 
think the searcher efficiency should 
be lower, particularly if cats live in un‐
searchable vegetation or adjacent fa‐
cilities. 

Kauaʻi Marriott  1. Item 2, Page 550,
Tables 11‐13: Re‐
quested Take

1. Tables 11‐13 are empty. 1. Tables 11‐13 should be completed.

My general comments on ways to im‐
prove or verify self‐monitoring apply. 
Staff training must really focus on how 
to search non‐paved areas and under 
vehicles prior to use. 

Kauaʻi Coffee  1. Item 3 Table,
Page 578‐79, Item 8
Table, Page 587

2. Take Monitoring,
Page 591 and Item
9a, #2, Page 592

3. Item 3 Funding
Assurance, Page
597

4. Checklist, Page
598

1. Some lights are not listed as fully
shielded, with full cutoff, including
those needed for Korvan Harvester
machines. The lights on these ma‐
chines should be shielded.

2. Page 591, Table first row, should
provide more detailed information
regarding percentage of property
to be monitored/searched.

Same Table states monitoring will 
occur twice daily at 5:30 a.m. 
(which is fine), and 5:30 p.m., 
which violates KSHCP guidelines.   

Item 9a, #2 lacks adequate details 
of monitoring during night harvest 
operations. 

3. The Funding Assurance section is
empty.

1. Item 8 Table needs more detailed
information on light adjustments par‐
ticularly the harvesters since it is not
clear at this time. For example, can
harvester lights be shielded?

2. Overall this table needs more de‐
tails of areal coverage, protocols, and
reasons as listed in the header of the
table.

Evening monitoring must occur 1‐2 
hours after sunset and more fre‐
quently during harvesting operations. 
The PIP must better specify how staff 
working during harvesting and pro‐
cessing operations will monitor fall‐
out. For example the number of moni‐
tors (10 during harvesting and 20 for 
processing) may be sufficient depend‐
ing on the scale of the searched areas, 
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4. Some items in table not com‐
plete.

but more information must be pro‐
vided on when and how they will 
work. Monitoring during the harvest is 
key. Twice per day during harvesting 
does not seem adequate.  

3. Provide information under Item 3
regarding funding assurances.

4. Complete outstanding items on
checklist.

My general comments for most PIPs 
on ways to improve or verify self‐
monitoring apply. Staff training must 
really focus on how to search non‐
paved areas and under vehicles prior 
to use. 

Sheraton Kauaʻi  
Resort 

1. Tables 1 and 2,
Pages 619‐20, 623‐
24

2. Table 4, Page 627
and Table 5, Page
629

3. Predator Control,
Table 6, Page 630

4.Take Estimate and
Search Efficiency,
Table 10, Page 638

1. These tables were included
twice.

2. The avoidance and minimization
measure to replace all outdoor
lights with fully shielded full cutoff
fixtures and shields has not been
implemented. For example, there
are unshielded sets of bright string
lights out in the open in the Makai
side courtyard.

The pagoda lights (N=18) outside 
the Garden wing reception area 
are numerous and shine a lot of 
light out the sides of the lamps, 
thus resulting in a glow in this area. 
When out in the open, the large 
ones especially should not be con‐
sidered fully shielded full cutoff fix‐
tures or down lights. 

Floodlights on the roof above the 
east side eave of the Lava Pool Bar 
do not point down far enough. 

1. Remove the duplicate or inaccurate
tables.

2. Existing, used facilities are not ad‐
dressed completely in practice and in
the PIP and therefore the PIP does not
meet KSHCP A&M standards or maxi‐
mum extent practicable.

3. Table 6 needs to provide more con‐
crete details as to how this minimiza‐
tion will be monitored and managed.
The PIP must address humane trap‐
ping and data collection on cats
around the grounds, which must be
active year round. Procedures for
managing feral cats must be devel‐
oped, posted, and enforced.

On a related topic, because fe‐
ral/loose cats are present currently in 
certain areas around the resort and 
adjacent lands, staff training must 
strongly focus on how to search non‐
paved areas and under vehicles prior 
to use. 
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There are indoor lights on second 
and third story common areas that 
shine out through windows and 
likely do not meet the A&M stand‐
ards. These should be re‐evaluated 
to see how window treatments 
may be used to prevent lights shin‐
ing out laterally into the sky be‐
cause the lights are on all night. 

3. The PIP states that the Resort
implements this measure,
staff is trained that this is not
allowed, and security monitors
compliance. More detail on these
topics is needed. Numerous feral
cats were noted in Sheraton park‐
ing lots adjacent to Kiahuna Planta‐
tion in October 2019.

4. Search efficiency of 90% seems
unjustifiably high.

4. The Participant should provide
maps and data to support the 90%
search efficiency.  On the map, please
identify areas with “rank” vegetation.

Data regarding the presence of cats 
will inform the survival rate of 
downed seabirds that are not de‐
tected. This will increase the lethal 
take estimate, further calling into 
question the claimed 90% search effi‐
cacy.  

County of Kauaʻi   1. Item 7, Page 674

2. Predator Control,
Table 5, Page 673

3. Light shielding,
Page 676

4. Lighting Ordi‐
nance, Page 677, #4

5. Monitoring, Table
8, Page 682

1. County staff to check timers at
Category 4 facilities 2x/month.
There is no timeframe for fixing
broken timers and or any explana‐
tion of how use will be managed
until repairs are completed.

2. Description of predator control
at County facilities is too vague,
particularly at Category 4 and 5 lo‐
cations.

3. The PIP states that shielded
lights may not be used at DUI
checkpoints where motorists are
subject to unannounced traffic
stops, or emergency rescue and re‐
sponse where the use of full cut‐
off fixtures would make it impossi‐
ble to meet the operational re‐
quirements and that they will

1. County staff should check timers
more frequently than 2x/month, i.e.,
2x/week for Category 4 lights being
used.  The PIP should provide a
timeframe for fixing timers and proto‐
col for controlling use until timers are
fixed.

2. The table merely lists statutes re‐
garding loose animals and refuse re‐
moval, but does not specify
whether/how they will be enforced.
The PIP needs to contain more de‐
tailed information regarding the
methods for monitoring and manag‐
ing feral animals on County lands and
partnering perhaps with adjacent
landowners. It may be of value to pri‐
oritize more intensified predator con‐
trol efforts at Category 4 and 5 facili‐
ties, for example.
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consider the use of other types of 
lighting. 

4. The PIP states that the County
declined to adopt a county‐wide or
facility‐wide lighting ordinance
without providing justification for
this decision or analysis to support
their conclusions. Second, the
statement that the County is inves‐
tigating the possibility of adding
advisory language to certain build‐
ing and development permit forms
does not go far enough.

5. Table is missing headers. For
Category 4, monitoring not fre‐
quent enough. For Category 5, tim‐
ing is not frequent enough.

3. There should be a way to ensure
that all portable floodlights for emer‐
gency uses are shielded. The PIP
needs to provide details as to what
these “other types of lighting” are.

4. The County’s PIP should provide
more detailed information on its anal‐
ysis regarding development of a light‐
ing ordinance, how it will identify fu‐
ture opportunities and mechanisms to
address this topic. Even without an or‐
dinance, the County should include
permitting and planning require‐
ments, not merely advisory sugges‐
tions as provided currently in the PIP.
The County should include in their PIP
their policy to ensure that new and
existing permitted facilities implement
seabird friendly lighting.

5. Monitoring at Category 4 and 5 fa‐
cilities should expand from 10’ radius
to at least a 30’ radius of a likely sight‐
ing, particularly where there is land‐
scaping or other structures.

For Category 4 facilities, searching for 
fallout only in the morning will result 
in higher mortality and undetected 
birds. Therefore, the PIP must specify 
at time of use in addition to the first 
hour of the morning. 
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Hawai‘i Dept. of 
Transportation –
Harbors and Air‐
ports Divisions 

1. Lihue Airport
avoidance and mini‐
mization Table 4,
Page 842

2. Predator Control
Kauai Harbors Table
11, page 848 Nawili‐
wili Harbor and Pt.
Allen Table 12, page
849, Lihue Airport
Table 6, page 853

1. Airports table on avoidance and
minimization‐provide seabirds
awareness training to staff lists
April instead of August.

2. These tables are sufficient in
that they list information on con‐
tractors, costs, and time period for
predator control. Other partici‐
pants should do the same.

For Category 5 facilities, County 
should conduct ongoing monitoring 
during light use and after lights are off 
as written. 

1. Correct Table 4 to read August to
match Harbors.

2. Monitoring is improved with third
party verification, as I have recom‐
mended for all PIPs. The DOT PIPs are
therefore setting a good standard by
including this information and costs.

However, the PIP monitoring plan 
should make it clear that intensive 
monitoring will be implemented in ar‐
eas containing vegetation/landscaping 
and various types of vehicles and 
movable equipment (e.g. rental car ar‐
eas and parking lots as well as vehicles 
within the secured areas). Practices 
such as trimming vegetation will also 
help locate birds that have fallen or 
crawled under vegetation. 

In addition, random in‐season verifica‐
tion monitoring should be included in 
the plan. 

Alexander & Bald‐
win 

1. Table 1(k), page
1083

2.Take Monitoring,
Item 7a (page 1152
Item 7b (page 1153)

3. Item 2, Tables 11‐
13, Page 1199

1. Table 1(k), page 1083 states that
a lighting plan for the Shops at Ku‐
kuiula is underway/planned and
therefore is incomplete for this
draft. The PIP contains a good list
including many varied facilities and
reasonable A&M for lights at each
although some sites are not ad‐
dressed completely and therefore
the PIP does not meet KSHCP A&M
standards or maximum extent
practicable.

For example, there are numerous 
unshielded and bright/string lights 

1. Include a timeframe for completion
of the pending lighting plan for the
Shops at Kukuiula, Pt Allen Marine
Center and any other locations where
plans are pending.

Predator monitoring and humane con‐
trol methods need to be more explic‐
itly defined and scheduled, particu‐
larly prior to and during the fallout 
season. Otherwise, seabirds that fall‐
out at the intersection of Waiaolo 
Road and Aka Ula Street, for example, 
will be quickly dispatched by feral 
cats. 
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currently in use at two main areas 
within the Kukuiula Shopping Cen‐
ter. These are not within KSCHP 
guidelines. These exposed lights 
need to be shielded, full cutoff 
downward facing fixtures. 

Similarly, light improvement plans 
are pending for the 1(f) Pt. Allen 
Marine Center. 

Predator control methods are 
weak, particularly at Pt. Allen sites 
where the need is highest (e.g. cat 
colonies on property) 

2. 
 7a Training is provided, but moni‐
toring is not. The solar farm is close 
to several facilities such as KIUC’s 
power plant, Chevron, and Pt. Al‐
len. Birds may fallout on property 
despite the low risk of on‐site 
lights. 

7b Says 1‐2 “searches.” Should this 
be “searchers”? 

3. Tables 11‐13 are empty.

2.  
7a‐A&B should monitor daily at solar 
farm. It is near the KIUC power plant, 
Chevron, and Pt. Allen, and birds may 
fall there. A&B should assess localized 
presence of cats and other loose pred‐
atory animals and take appropriate 
actions to remove them. 

7b‐Correct typo to “searchers” if that 
is the intended meaning. 

For sites where predator control is 
deemed infeasible, if the results of 
monitoring show depredation of 
downed seabirds, adaptive manage‐
ment should trigger humane predator 
control actions. 

3. These tables should be completed.

My general comments for most PIPs 
on ways to improve or verify self‐
monitoring apply. Staff training must 
really focus on how to search non‐
paved areas and under vehicles prior 
to use. 
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Abstract
Formany decades, the spectral composition of lightingwas determined by the type of lamp, which

also influenced potential effects of outdoor lights on species and ecosystems. Light-emitting diode

(LED) lamps have dramatically increased the range of spectral profiles of light that is economi-

cally viable for outdoor lighting. Because of the array of choices, it is necessary to develop meth-

ods to predict the effects of different spectral profiles without conducting field studies, especially

because older lighting systems are being replaced rapidly. We describe an approach to predict

responses of exemplar organisms and groups to lamps of different spectral output by calculat-

ing an index based on action spectra from behavioral or visual characteristics of organisms and

lamp spectral irradiance.We calculate relative response indices for a range of lamp types and light

sources and develop an index that identifies lamps that minimize predicted effects as measured

by ecological, physiological, and astronomical indices. Using these assessment metrics, filtered

yellow-green and amber LEDs are predicted to have lower effects on wildlife than high pressure

sodium lamps, while blue-rich lighting (e.g., K ≥ 2200) would have greater effects. The approach

can be updatedwith new information about behavioral or visual responses of organisms and used

to test new lighting products based on spectrum. Together with control of intensity, direction, and

duration, the approach can be used to predict and then minimize the adverse effects of lighting

and can be tailored to individual species or taxonomic groups.

K EYWORDS

action spectrum, behavioral response, light pollution, phototaxis

1 INTRODUCTION

It has long been known that artificial night lighting affects wildlife

through attraction and disorientation (Allen, 1880), and recent

research has documented the extent of the adverse consequences

of artificial night lighting to include, for example, plant phenology

(Somers-Yeates et al., 2016), predator–prey relations (Minnaar, Boyles,

Minnaar, Sole, & McKechnie, 2015), circadian rhythms (Dominoni,

2015), and nocturnal rest and recovery (Gaston, Bennie, Davies, &

Hopkins, 2013). Importantly, light attraction and disorientation results

in directmortality ofmany groups of insects (Eisenbeis &Hänel, 2009),

birds (Longcore et al., 2012), including seabirds (Rodríguez et al.,

2017b), and sea turtles (Salmon, 2003), contributing to species decline

(Fox, 2013; Wilson et al., 2018). The degree of influence of outdoor

electric lighting is determined by the direction, intensity, duration, and

spectrum of the lights (Gaston, Davies, Bennie, &Hopkins, 2012; Long-

core andRich, 2017). Formanyyears, only a handful of lamp typeswere

economically viable for widespread deployment and their spectral

characteristics were limited. For example, low pressure sodium lamps,

with nearly all emissions in the yellow/orange at 589 nm became the

lampof choice around astronomical observation sites and near sea tur-

tle nesting beaches because both night sky observation and sea turtle

orientation benefit fromanarrow-band light in the longerwavelengths

(Witherington, 1992). Other lamps were similarly deployed in differ-

ent situations and consequently most studies of ecological effects are

on these types—low-pressure sodium, high-pressure sodium, metal

halide, and mercury vapor (although this lamp type has largely been

phased out) (Eisenbeis & Eick, 2011; Rich and Longcore, 2006). In the

past decade, however, light-emitting diode (LED) lamps have become

economically viable, bringing a range of new spectral characteris-

tics to the marketplace (Boyce, Fotios, & Richards, 2009; Gaston,

2013) along with concerns about their differential effects on wildlife

species (Davies, Bennie, Inger, de Ibarra, & Gaston, 2013; Gaston,

2013).
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In the early days of commercial LEDs for outdoor lighting, full spec-

trum light was achieved through coating a blue LED with a phosphor,

which produced light across the visual spectrum (Hecht, 2012). These

lamps had a high correlated color temperature (CCT), indicating a high

proportion of blue and violet in the emissions, as a result of the under-

lying blue LED. This blue hue became more dramatic as the phosphor

aged. Many in the general public and scientific community may have

developed the perception that all light from LEDs was a “cool” white

(high CCT) at this time. Technological innovation in the LED indus-

try has, however, been rapid, because the energy savings from LEDs

are so attractive that replacement lamp types that address a range of

color spectrum specifications have been developed (Dudley, Erkintalo,

& Genty, 2015).While earlier efforts to develop LEDs with lower color

temperatures came with a penalty of less efficiency, by 2015, LEDs

at 2700 K and 3000 K were commercially available that matched the

energy efficiency of 5000 K lamps. Furthermore, the development of

different colors of LEDs and different filtering technologies has led to

a range of different spectral signatures for lamps that are all economi-

cally competitive in terms of energy efficiency.

Conservation scientists need to keep up with the changing array of

outdoor lighting options to provide guidance to officials and managers

around the world who are faced with the obvious economic choice of

switching to high-efficiency lighting such as LEDs (Hecht, 2016). Such

a switch can be catastrophic for the effects on other species, or it

can be a benefit, depending on the spectrum, duration, direction, and

intensity of the new lamps (Gaston et al., 2012; Longcore et al., 2015;

Rodríguez, Dann, & Chiaradia, 2017a). The same applies to sky glow

(Kinzey et al., 2017). Some ecologists have voiced generic concerns

about LEDs in general, questioning whether they pose a risk across

the board (Pawson and Bader, 2014; Stone, Jones, &Harris, 2012), and

noting the unfortunate “rebound effect” in which more efficient light-

ing leads to deployment of even more light (Kyba et al., 2017; Kyba,

Hänel, & Hölker, 2014). Similar concerns about the adverse effects

of the rapid spread of full spectrum LED lighting are voiced by dark

sky advocates (Bierman, 2012). The spectrum of light used will greatly

affect the amount of scattering of light at different distances from a

source (Kinzey et al., 2017). The extent of these effects depends in part

on the spectral characteristics of the LEDs used, and many opportuni-

ties are available to evaluate the performance of thewide array of LED

spectral configurations, such as investigatingmultiple spectral configu-

rations of 2700 K LEDs to reduce attraction of flying insects (Longcore

et al., 2015) or comparing LEDs of different color temperatures (Eisen-

beis & Eick, 2011).

Differences between the spectral response curve for human vision

(both photopic and scotopic) and the visual sensitivity and measured

behavioral responses of animals indicate an opportunity to configure

outdoor lighting that avoids sensitive regions of the spectrum while

providing needed visibility for humans. For example, many insects are

attracted to shorter wavelengths (blue, violet, and ultraviolet) more

than longer wavelengths (Eisenbeis, 2006; Eisenbeis & Hänel, 2009).

Light sources that have low blue and shorter wavelength emissions

attract fewer insects (Cleve, 1964; Eisenbeis & Eick, 2011; Eisenbeis

& Hänel, 2009; Menzel & Greggers, 1985) and consequently, fewer

bats that forage on insects (Stone, Harris, & Jones, 2015). The lower

behavioral response of hatching sea turtles to longer wavelengths of

light (Witherington, 1992) has become the basis to limit the permis-

sible spectral characteristics of lights on and near nesting beaches in

many jurisdictions. Such regulations to minimize adverse effects of

lighting on nature are always compromises and usually driven by the

species or species group with regulatory protection in a particular sit-

uation.

The current challenge for conservationists is that assessing the

effects of different spectral distributions onwildlife in experimental or

field situations is time consuming and an increasing number of lamp

types are being developed, while jurisdictions are making decisions

about replacement of aging fixtures every day (Hecht, 2016). Once

such decisions are made, new lamps will be in place for years to come.

Tools are therefore needed to assess the potential adverse effects of

newly developed lights compared with existing technologies in a rapid

manner and in a way that allows tradeoffs between adverse effects on

wildlife and human needs to be compared. In this paper, we assemble

a series of spectral response curves from the literature and a series

of spectral emission curves for established and new outdoor lighting

sources, develop a standardized index thatweights the spectral output

by the response curves, provide a matrix of lighting performance mea-

sures (e.g., color rendering index, correlated color temperature, Star

Light Index), and present these results on a website that can be peri-

odically updated to serve as a clearinghouse for this information.

2 METHODS

We obtained spectral power distribution curves for a wide range of

lamp types and calculated indices representing the degree of over-

lap with a series of spectral response curves for different organisms.

Following recommendations of the Bureau International des Poids et

Mesures (BIPM), action spectra are dimensionless, while spectral irra-

diance is measured in 𝜇W⋅cm–2⋅nm–1, from which we calculate the

weighted sum across wavelengths (BIPM, 2006, Appendix 3, Section

2). We treat spectral response curves like action spectra even if they

do not meet the high standards for a true action spectrum (Björn,

2015). Species response curves were converted from photons to spec-

tral power (𝜇W⋅cm–2⋅nm–1) because organismal responses are depen-

dent on the number of photons, not the energy of the light (Johnsen,

2012) while light is frequently measuredwith power units.

Spectral power distributions were obtained in 𝜇W⋅cm–2⋅nm–1 and

resampled to 1 nm increments from 350 nm (well in the ultravio-

let, which is still the visual spectrum for some insects) (Menzel &

Greggers, 1985) through 780 nm to encompass the full range of vision

for organisms. Spectral response curves were normalized to 1 at the

maximal value, andmultiplied by the emissions at eachwavelength and

then summed over all wavelengths, yielding threemetrics.

1. A standard “effective irradiance” metric, computed by multiplying

spectral irradiance at each wavelength by the spectral response

(“actinic power”). (BIPM, 2006, Appendix 3 and CIE, 2007)

Eeff = ∫ E𝜆Si (𝜆) d𝜆,
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where E𝜆 represents the source spectral irradiance and Si is the

actinic spectrum.

2. The actinic power per lux (the human photopic response, V(𝜆)):

Elux =
∫ E𝜆 Si (𝜆) d𝜆
∫ E𝜆V (𝜆) d𝜆

.

The resulting measurement is thereby standardized in terms of the

effect on each species per lux produced by the lamp and can be

referred to as the taxonomic (e.g., turtle, salmon) action factor of

the light source (CIE, 2014).

3. To allow comparison across species, we scaled the action factor rel-

ative to the response that would be elicited by daylight.

aD65 =
Elux (E)

Elux (D65)
.

The resulting values indicate the increase of effects on species rel-

ative to sunlight for each additional lux. A metric indexed to day-

light allows actinic responsemetrics to be compared across species,

even when the “shape” of the action spectra varies.

This approach allows comparison across lamp types and for differ-

ent intensities by isolating the effect of spectrum. These methods fol-

low the overall approach of Aubé, Roby, andKocifaj (2013) and the rec-

ommendations of the BIPM (2006) and CIE (2014).

We used measured spectral distributions for mercury vapor, metal

halide, high pressure sodium, low pressure sodium, incandescent,

phosphor-coated amber LED, and 3000 K LED from Elvidge, Keith,

Tuttle, and Baugh (2010). We also obtained spectral power distribu-

tions for three filtered LED systems (warm white LED with integrated

filter) from C&W Energy Solutions, a filtered LED from LED Living

Technology (LLT) and three lamps used in an experiment with attrac-

tion of shearwaters to light (Rodríguez et al., 2017a; Table 1; Figure 1).

For the species responses, we used spectral response curves devel-

oped for a range of organisms, including insects, sea turtles, and birds

(Table 2). Some response curves represent behavioral responses to

light of different wavelengths (e.g., moths and hatchling sea turtles)

while others represent the visual sensitivity of the eyes of the organ-

isms or physiological response (photosynthesis). For visual sensitivity

curves, we used log10 transformed values, which were then normal-

ized, because perceptual responses to visual cues are widely seen to

be on a log scale as suggested by Stevens’ power law (Stevens, 1961)

and its application to sensory phenomena in insects (Ruchty, Roces, &

Kleineidam, 2010).

To evaluate the potential effect of each lamp on night sky pollu-

tion, we calculated the Star Light Index proposed by Aubé et al. (2013)

using the spreadsheet provided as an electronic supplement, which

tracks human scotopic vision. We also calculated indices to evaluate

the effect of spectrum on Rayleigh scattering, which would be preva-

lent near cities, and Mie scattering, which would predominate in indi-

rect skyglow >80 km from city centers (Aubé, 2015; Luginbuhl, Boley,

& Davis, 2014; see Figure 2).

Finally, we calculated photometric indices for each light source

that are important to lighting engineers and end users. These include

the correlated color temperature (CCT), color rendering index (CRI),

TABLE 1 Lamps and spectral output curves included in study, by
type, correlated color temperature (CCT), and color rendering index
(CRI)

Lamp/Standard Type CCT CRI

D65 (Daylight) Natural 6504 100

CIE Illuminant A Lighting Standard 2856 100

KeroseneOil Combustion 1913 99

Full moon Natural 4134 98

Philips TL950 Fluorescent 4684 96

SORAAVivid LED 4965 93

CFLGreenlite 13W Fluorescent 2892 81

Philips AmbientLED LED 2601 81

LLT Telescope Light Filtered LED 1908 81

3000K LED LED 3262 80

OCTRON32W Fluorescent 4012 79

Metal Halide 70W Metal Halide 3071 79

LSGGoodNight 2016 LED 2266 76

LEDway Streetlight
CW54W

LED 6270 75

City of Los Angeles
Streetlight

LED 4310 73

LEDVBLFL-855-4-40 LED 4663 70

Cosmopolis 60W Metal Halide 2879 66

Yard Blaster LED 4164 64

PCAmber Cree PCAmber LED 1717 59

AEL 75W PCAmber LED 1743 58

CWES 74WWCW7 Filtered LED 2448 54

Iwasaki 60W Mercury Vapor 3757 53

MHMASTERHPI-T
Plus 400W/645
E40 1SL

Metal Halide 3808 51

CWES 74WWCW10 Filtered LED 2096 49

CWESAnna's Light Filtered LED 1193 26

HPS SON-T
400W/220 E40 1SL

High Pressure Sodium 1947 18

150WHPS High Pressure Sodium 2059 17

18WLPS Low Pressure Sodium 1810 −44

and M/P ratio (melanopic/photopic ratio), using the spreadsheet from

Lucas et al. (2014).

We then calculated the ratio of the actinic power of each lamp per

lux of output compared to a D65 standard. This measurement com-

pares the effect on each species response or light pollution metric of

an additional lux of each lamp type, compared with an additional lux

of daylight (the D65 standard). We also calculated ratio of the actinic

power of each lamp compared with the total power of the lamp. This

measurement indicates howmuchof the energy output of the lampwill

affect each species or light pollutionmetric.

To illustrate the tradeoffs between minimizing effects on different

groups of wildlife and optimizing performance for outdoor lighting,

we calculated mean values for each lamp, consisting of: 1) animal

response by taxonomic group (insect mean, sea turtle mean, Newell's
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F IGURE 1 Spectral power distributions of light sources investigated. The five panels are in order of decreasing CRI from top left to lowermiddle

TABLE 2 Organismal response spectra

Taxon Response Format Notes and Source

Moths (Lepidoptera) Behavioral Digitized by CIE (Cleve, 1964)

Bee (Hymenoptera) Behavioral Digitized by CIE (Menzel & Greggers, 1985)

Insects (Class Insecta) Behavioral Modeled Composite metric for all Insecta
(Donners et al., 2018)

Green turtle hatchlings (Chelonia
mydas)

Behavioral Digitized (Witherington, 1992)

Green turtle adults (Chelonia mydas) Visual sensitivity Digitized (Midolo, 2011) See also (Levenson,
Eckert, Cognale, Deegan, &
Jacobs, 2004)

Loggerhead hatchlings (Caretta
caretta)

Behavioral Digitized (Witherington, 1992)

Juvenile Atlantic salmon (Salmo
salar)

Visual sensitivity Digitized (Hawryshyn, Ramsden, Betke, &
Sabbah, 2010)

Newell's shearwater (Puffinus
newelli)

Visual sensitivity Digitized (Reed, 1986)

Photosynthesis (Plantae) Physiological Digital (DIN, 2016)

shearwater, juvenile salmon, or the mean of all four), 2) Star Light

Index, 3) melatonin suppression, and 4) visual performance. For visual

performance, we assumed that CRI greater than 75 was acceptable

and assigned values as follows:

If
⎛
⎜
⎜
⎝

CRI > 75 ⇒ 1

else ⇒ 1 − (75 − CRI)
150

⎞
⎟
⎟
⎠
.

This approach is necessary to account for the –44 CRI of low

pressure sodium lamps so that all values of the index range 0–1.

We calculated which lamps performed best as an average of the

four categories, running the average once for each of the organis-

mal responses (to match a scenario where that species or species

group was most important) and for all organismal responses with a

weight of 1 for each of the major taxonomic groups. For compar-

ison with a ranking that considers only environmental factors, we
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F IGURE 2 Response curves that can be used to estimate influence of light sources [Color figure can be viewed at wileyonlinelibrary.com]

calculated performance for each lamp in the samemanner but without

incorporating CRI.

To test this approach with experimental data, we compared the

results of the light hazard for shearwaters in an experiment compar-

ing light attraction of short-tailed shearwaters for metal halide, high

pressure sodium, and 4536 K LED lamps (Rodríguez et al., 2017a).

We modeled relative attraction using the same approach of general-

ized linear mixed models with night as a random factor and actinic

power, lamp type, brightness, and CCT each in separate models as an

independent factor. We compared models using Akaike's Information

Criterion and visualized the fit using scatterplots. Pearson Product-

Moment Correlation between responses and photometric indices,

and all other statistics were calculated using JMP Pro 13 (SAS, Inc.,

Cary, NC).

All of the calculations and visualization of the intersection of light

spectrum and human and animal response curves can be viewed at a

website (https://github.com/herf/ecological) that will be updated with

new lamp spectra and response curves and will allow users to submit

spectra for analysis.

3 RESULTS

Actinic power as a percent of total power describes the amount of

energy from each lamp spectrum that affects the various species

and photometric indices. For some lamps this proportion is rela-

tively high for most action spectra, and for some species responses

the proportion is high for most lamps (Table 3). For example, a high

proportion of the power from all lamp types is calculated to influ-

ence loggerhead hatchlings, while few lamps concentrate their power

in the areas of the spectrum most attractive to juvenile salmon

(Table 3).

Actinic power per lux compared with daylight calculates the effect

on species of increasingordecreasing illumination (in lux). For example,

each additional lux of light from a low pressure sodium lamp has 20%

of the effect on moths as would an additional lux of daylight, while an

additional lux of amercury vapor lampwould have 72% of the effect of

an additional lux of daylight (Table 4).

The tested lamp types ranged in CRI from –44 (low pressure

sodium) to 99, and CCT from 1193 (Anna's light) to 6270 (LEDway

Streetlight). CCT and CRI were significantly but not strongly corre-

lated (95% CI = 0.10–0.73). The variation in relative actinic power for

lamps varied most for juvenile salmon (range, 0.15–1), substantially

for insects (range, 0.33–1.16) and sea turtles (range, 0.38–1.02), and

least for Newell's shearwaters (range, 0.65–1). For three of the four

species groups tested, narrow band lamps with restricted emissions

in the shorter wavelengths had the lowest actinic power relative to

daylight. Only for Newell's shearwater did one narrow spectrum lamp

(CWESAnna's Light) score higher than full spectrum lamps (Figure 3).

Composite assessments that gave equal weight to a wildlife group

response, melatonin suppression, and Star Light Index showed low-

est effects for lamps with low emissions in the shorter wavelengths

(Figure 4a), with low pressure sodium showing the lowest impacts.

When CRI was included as a factor, low pressure sodium lamp did

not perform as well (Figure 4b), despite low actinic power for wildlife,

becauseof its lowCRI. Instead, PCAmber and two filtered LEDs scored

lowest overall.

Correlations between photometric values for lamps and resulting

light pollution effects were positive and strongest for CCT and both

melanopic effect and Star Light Index, positive but weak for CRI and

other metrics and modestly strong and positive for CCT and equally

weighted wildlife effects (Table 5). Most importantly to our approach,

althoughCCT has a high correlationwith the aggregatewildlife effects

(95%CI= 0.57–0.90), the correlation between CRI andwildlife effects

is lower (95% CI = 0.43–0.86). The same is true for nearly all of the

individual responses; CCT predictswildlife effectsmore thanCRI, with

higher CCT values more likely to have higher effects on the wildlife

assessed in this study than higher CRI values.

https://github.com/herf/ecological
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TABLE 3 Actinic power as a percent of total power for each of the taxonomic-specific responses

Light source Photosynthesis Moth Bee
Insect
index

Green
turtle
behavior

Green
turtle
visual

Loggerhead
behavior Salmon Shearwater

D65 56 43 22 30 50 66 78 30 60

A 44 22 12 11 23 45 62 14 41

KeroseneOil 34 13 4.9 4.6 12 31 47 10 25

Full moon 53 31 19 19 37 57 74 20 54

TL950 65 42 27 26 52 72 90 26 75

SORAAVivid 65 43 25 27 51 71 88 27 70

LLT Telescope Light 61 26 14 13 19 61 90 11 69

CFLGreenlite 13W 58 38 30 27 40 72 91 22 81

Philips AmbientLED 61 30 20 17 31 65 90 15 72

3000K LED 57 35 25 24 39 67 87 18 73

OCTRON32W 62 43 32 29 52 74 91 28 81

Metal Halide 70W 56 37 25 27 39 68 87 22 73

CeramicMetal Halide
70W

56 37 25 27 39 68 87 22 73

LSGGoodNight 2016 62 30 18 17 27 66 93 13 75

LEDway Streetlight
CW54W

65 45 32 28 61 75 91 31 79

Los Angeles LED 64 41 29 26 51 72 91 27 77

Cosmopolis 60W 58 38 24 27 41 70 90 21 79

Yard Blaster 56 47 28 37 53 75 87 29 76

PCAmber Cree 61 25 12 13 17 61 92 11 73

AEL 75W 61 25 12 13 17 61 91 10 72

CWES 74WWCW7 58 28 23 18 27 66 93 10 80

Iwasaki 60W 41 30 17 24 29 51 65 20 48

CWES 74WWCW10 59 27 18 16 22 64 93 10 78

CWESAnna's Light 64 23 3.8 8.7 8.4 59 92 10 71

150WHPS 57 30 15 19 29 65 89 14 82

LPS 18W 55 28 13 20 25 68 95 8.7 97

The reanalysis of shearwater grounding data shows that actinic

power per lux provides at least an equally valid model (AICc 546.83,

effect 95% CI 3.69–61.84) as a categorical analysis with lamp type

(AICc 547.59, LED effect 95% CI –1.07 to 0.45, MH 95% CI 0.20–

1.72) (Figure 5). The model for CCT had a higher AICc (549.13)

with an effect 95% CI intersecting 0, while the model for bright-

ness had a still higher AICc (551.44) and a 95% CI for effect also

intersecting 0.

4 DISCUSSION

Our effort extends the approach presented by Aubé et al. (2013) to

develop a method to calculate indices for any organismal response

to lighting spectrum assuming equal visual light intensity to humans.

These calculations can be easily repeated and updated with additional

organismal response curves or with additional lighting products. We

included the ultraviolet part of the spectrum because many other light

sources do include ultraviolet and it is important for animal responses,

although it is not a significant issue for most LEDs used for outdoor

lighting.

The approachdescribedhere establishes appropriate units formea-

suring ecological responses to light that are consistent with interna-

tional standards and thereby provides a basis for comparison that is

replicable and testable. Quantification of actinic power can be used to

develop hypotheses to test in the field, such as the comparison of lamp

types undertaken by Rodríguez et al. (2017a) that we revisited. Fur-

thermore, it allows the rapid and easily updatable comparison of new

lamp types so that themostpromising spectral configurations for apar-

ticular situation can be identified and tested in the field.

Our approach is, however, only as accurate as the action spec-

tra and as applicable as the number of different species groups for

which action spectra are available. These response curves are scat-

ted in the literature and although many physiological response curves

could be calculated from, for example, peak opsin sensitivities (Davies

et al., 2013), behavioral response curves derived from field and labora-

tory tests are more rare. In at least one instance (loggerhead sea tur-

tle hatchlings) there may be behavioral response differences between
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TABLE 4 Actinic power per lux of each lamp type, comparedwith a lux of daylight (D65)

Light source Photosynthesis Moth Bee
Insect
index

Green
turtle
behavior

Green
turtle
visual

Loggerhead
behavior Salmon Shearwater

D65 1 1 1 1 1 1 1 1 1

A 1 0.639 0.681 0.482 0.588 0.865 1.010 0.587 0.867

KeroseneOil 1.360 0.673 0.494 0.340 0.558 1.050 1.340 0.754 0.924

Full moon 0.922 0.704 0.821 0.597 0.72 0.841 0.917 0.642 0.874

TL950 0.827 0.691 0.858 0.611 0.736 0.774 0.815 0.618 0.876

SORAAVivid 0.927 0.793 0.891 0.711 0.822 0.860 0.894 0.720 0.920

LLT Telescope Light 0.772 0.425 0.458 0.306 0.275 0.660 0.818 0.259 0.812

CFLGreenlite 13W 0.573 0.487 0.746 0.490 0.445 0.606 0.648 0.410 0.748

Philips AmbientLED 0.716 0.464 0.593 0.375 0.408 0.648 0.756 0.33 0.785

3000K LED 0.647 0.522 0.714 0.515 0.497 0.655 0.714 0.392 0.778

OCTRON32W 0.632 0.573 0.847 0.556 0.599 0.648 0.670 0.534 0.773

Metal Halide 70W 0.656 0.568 0.732 0.576 0.512 0.673 0.723 0.481 0.788

CeramicMetal Halide
70W

0.656 0.568 0.732 0.576 0.512 0.673 0.723 0.481 0.788

LSGGoodNight 2016 0.696 0.431 0.526 0.343 0.343 0.625 0.743 0.284 0.779

LEDway Streetlight
CW54W

0.715 0.645 0.900 0.574 0.748 0.697 0.713 0.629 0.800

Los Angeles LED 0.688 0.579 0.782 0.510 0.614 0.657 0.700 0.545 0.771

Cosmopolis 60W 0.603 0.519 0.644 0.518 0.485 0.622 0.668 0.415 0.764

Yard Blaster 0.646 0.701 0.821 0.783 0.686 0.729 0.717 0.624 0.816

PCAmber Cree 0.718 0.387 0.361 0.273 0.223 0.613 0.768 0.232 0.792

AEL 75W 0.711 0.383 0.366 0.274 0.225 0.609 0.762 0.229 0.785

CWES 74WWCW7 0.542 0.342 0.539 0.309 0.283 0.530 0.624 0.178 0.695

Iwasaki 60W 0.771 0.731 0.806 0.822 0.613 0.817 0.869 0.715 0.827

CWES 74WWCW10 0.581 0.342 0.446 0.285 0.246 0.540 0.653 0.186 0.715

CWESAnna's Light 0.876 0.414 0.131 0.221 0.129 0.681 0.898 0.266 0.898

150WHPS 0.529 0.368 0.365 0.335 0.307 0.517 0.593 0.243 0.705

LPS 18W 0.375 0.254 0.221 0.254 0.193 0.393 0.462 0.112 0.615

populations of the same species (Fritsches, 2012), meaning that cau-

tion should be used in universally applying action spectra. The emer-

gence of highly configurable outdoor lighting demonstrates the need

for research to produce more action spectra and to compile them in

a repository. This is a central research need from experimental zool-

ogists to provide the information necessary for lighting designers and

especially regulators to act quickly in response to new lighting tech-

nologies. Peak opsin sensitivity provides a first pass on behavioral

responses, and indeed, behavioral response curves can be calibrated

from opsin response curves (Donners et al., 2018).Workers in the field

andwith captive animals should, however, prioritize research to obtain

behavioral response information for sensitive species and to test the

generalizable patterns in responseswithin cladeswhere visual systems

are conserved.

We are aware of the limitations of using spectral information that

may only be applicable within a certain range of intensity values.

Some species respond to spectrum differently depending on its inten-

sity (Wiltschko, Stapput, Thalau, & Wiltschko, 2010). Also, mitigation

schemes that depend on spectrum can be undermined by brightness.

Any approach to reduce ecological effects of lights must keep inten-

sity to aminimumand can then perhaps further reduce adverse effects

through tuning of the spectrum used.

We also note that the influence of lamps of different spectra will

be affected by atmospheric conditions that influence the amount and

nature of reflection and scattering of light (Aubé, Kocifaj, Zamorano,

Lamphar, &deMiguel, 2016;Kyba, Ruhtz, Fischer, &Hölker, 2011).Our

wildlife response assessments do not include any shifts in spectral dis-

tribution of light that would result from scattering in the atmosphere

and therefore are most relevant to situations where direct effects are

being evaluated (e.g., local attraction and disorientation). Additional

calculations could be added to our approach to address different prop-

agation patterns of light under varying weather conditions.

Our use of CRI as a metric for performance of lamps for human

vision should not be taken as a blanket endorsement of CRI as an

excellent metric, which it is not (Galadí-Enríquez, 2018). It is, how-

ever, widely understood and used in the lighting design community

and therefore provides a means to incorporate human design prefer-

ences into a composite metric of lighting performance. Furthermore,
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F IGURE 3 Relative modeled impact on insects, sea turtles, shearwaters, and juvenile salmon per additional lux from different light spectra com-
paredwith a D65 (6500 K) standard. Colors indicate CCT from low (orange) to high (blue) [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 Nighttime light performance index balancing Star Light Index,melatonin suppression, and awildlife impact score (a) and incorporating
CRI (b) for equal lux fromdifferent light spectra comparedwith aD65 (6500K) standard. Lower values indicate lower predicted impacts and greater
CRI. Colors indicate CCT from low (orange) to high (blue) [Color figure can be viewed at wileyonlinelibrary.com]

this approach can be updated to use othermetrics as desired by an end

user.

As a conservation tool, our assessments assume that it is a valuable

approach to minimize the intersection between the wavelengths that

affect sensitive wildlife species and the output of lamps and that it is

worthwhile to balance those adverse effects against desirable charac-

teristics of outdoor lighting for human use. Lamps that perform well

in this assessment would represent a conservation compromise—no

light on a sea turtle nesting beach, on a penguin colony, or on the route

a fledgling seabird takes to the sea would be optimal, but if there is
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TABLE 5 Pearson's productmoment correlation betweenCCT, CRI, Star Light index,Melanopic response, and averagewildlife response. Above
diagonal, correlation estimates. Below diagonal, 95% confidence intervals

CCT CRI Star light index Melanopic Wildlife

CCT – 0.48 0.94 0.94 0.78

CRI 0.10–0.73 – 0.64 0.67 0.71

Star Light Index 0.87–0.97 0.40–0.84 – 1.00 0.85

Melanopic 0.87–0.97 0.33–0.83 0.99–1.00 – 0.85

Wildlife 0.57–0.90 0.43–0.86 0.69–0.93 0.69–0.93 –

to be a light nearby, minimizing the wavelengths in the part of the

spectrum to which turtles or seabirds are most sensitive is prefer-

able (Rodríguez et al., 2017b, 2018), so long as intensity is also min-

imized. Such hierarchical minimizing approaches might ignore other

more complete solutions such as embedded roadway lighting, which

provides guidance to drivers and virtually no light on nearby beaches

(Bertolotti & Salmon, 2005), but they do provide guidance for reduc-

ing adverse effects from existing lighting infrastructure, which will be

replaced with full-spectrum lights in the absence of guidance from

ecologists and consideration of wildlife responses.

Given the rapid pace of replacement of street and other outdoor

lighting motivated by energy savings (Hecht, 2016), an approach to

minimize the adverse effects of lighting through choice of spectrum

that is endorsedby conservation scientists is desperately needed. Laws

available to reduce theecological effects from light pollution that are in

place around theworld are focusedpredominantly on thedirectionand

intensity of lighting; very few legislators saw the dramatic change in

color on the technological horizon. Those jurisdictions that have taken

steps to use energy efficient lighting with a spectrum designed to min-

imize adverse environmental effects have been motivated mostly by

particular species protection laws (e.g., the Endangered Species Act in

theUnited States) and by the economic considerations associatedwith

astronomical observatories.

The State of Florida requires that new coastal construction limit

lighting near beaches to sources that emit wavelengths only greater

than 560 nm to protect sea turtles. Our calculations suggest that sev-

eral of the filtered LEDs that we assessed would be less attractive to

hatchling sea turtles than existing HPS lamps, but none of the filtered

F IGURE 5 Analysis of birds grounded from Rodríguez et al. (2017a), comparing Actinic Power per Lux with CCT, brightness, and lamp type as
explanatory variables
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Fig. 2. Spectral composition (a) of the lighting types used (data provided by manufacturer). Vertical dashed and solid lines indicate the wavelength of maximum absorbance
of visual pigment of cones and rods for Ardenna pacifica (Hart, 2004). Mean number per hour (b) and body condition (c) of short-tailed shearwater fledglings grounded by
lighting types. In (b) bars show mean ± s.e. Different capital letters indicate significant differences between levels.

Table 1
Characteristics of light systems used in the experiment.

Light Comercial reference Lamp Wattage (W) Color Temperature (K) Luminous Flux (Lm)

4
4
2

o
e
b
v
4
o
g
1
t
t

u

High pressure sodium (HPS) SON-T 400W/220 E40 1SL
Metal halide (MH) MASTER HPI-T Plus 400W/645 E40 1SL
Light emitting diode (LED) VBLFL-855-4-40

f light (MH, HPS and LED) was on in the five masts during each
xperimental hour. We also had a period of 15-min in darkness
etween treatments to avoid potential attractive effects of the pre-
ious treatment on the birds. First light-treatment was turned on
5–60 min after sunset. We ran the experiments in the first hours
f darkness (three experimental hours in total plus two 15-min
aps) as they coincide with the peak of fledging time (Reed et al.,
985; Rodríguez et al., 2015). By randomly sequencing the three
reatments, we controlled for any changes in hourly fledgling rate

hrough the night.

Grounded birds were collected and kept in boxes. Each individ-
al was marked with a permanent marker pen on the toe webbing
00 2000 (warm) 48000
00 4500 (cool) 32000
00 4536 (cool) 18111

for identification and released in the closest colony at the end of
each experimental night. Recaptured birds (five birds) were not
included in the analyses. In 2015, body mass (g) and four biometric
variables (wing, tarsus, bill length and bill length) were measured
from grounded birds in the treatments of the experiment. The
biometric variables were taken using an electronic balance (near-
est 5 g), a ruler (nearest 1 mm) and an electronic calliper (nearest
0.01 mm). To obtain a size indicator of the grounded birds, we ran
a principal component analysis (PCA) on centered and scaled mor-

phometric variables (wing, tarsus and bill length, and bill depth)
and the first principal component was used as a body size index
(BSI). The first principal component retained 54% of variation. The















https://iaato.org/documents/10157/14479/IAATO_SeaBirdPoster3.pdf/8d96aac8-fd1f-40d6-bd84-27b6263532c5?version=1.0



	2020-4-13 EJ Comments on FWS KSHCP.pdf
	I. Minimization
	A. Outdoor Lighting (KSHCP Section 5.3.1)
	B. Outdoor Lighting (PIPs)
	C. Predator Control (KSHCP Section 5.3.2)

	II. Methods for Determining Take (KSHCP Section 6.2.2.1)
	III. Monitoring
	A. Compliance Monitoring (KSHCP Section 6.8.1)
	B. Take Monitoring (KSHCP Section 6.8.3)

	IV. missing text in kshcp appendices
	V. failure to consider reasonable alternatives in Environmental Assessment
	Rodriguez_et_al_2017_Journal_for_Nature_Conservation.pdf
	Reducing light-induced mortality of seabirds: High pressure sodium lights decrease the fatal attraction of shearwaters
	1 Introduction
	2 Material and methods
	3 Results
	4 Discussion
	Competing interests
	Funding
	Ethics
	Acknowledgments
	Appendix A Supplementary data
	References






