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Abstract

We evaluate the effectiveness of legislation in reducing the negative impacts of

beachfront lighting on sea turtle nesting activity, one of the main threats to the

species. To this end we construct a time varying index of ordinance effectiveness

across Florida counties and combine this with loggerhead nesting data to create

a panel data set covering a 26 year period. Our econometric findings show that

such legislation can significantly increase nesting activity, where current levels of

protection result in an additional 34 per cent. Using our estimates within a cali-

brated population model we also demonstrate that legislation can reduce the time

to the animals’ extinction. Finally, we show that alternatively raising sea turtles

in captivity under a head start program may be prohibitively expensive, especially

when considering estimates of local willingness to pay for sea turtle preservation.
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1 Introduction

Estimates suggest that up to 539 species have become extinct in the US over the past

200 years (Sedjo, 2008). Yet, while there had been a growing awareness of the extinc-

tion threat to a number of prominent species since the turn of the 19th century, prior

to the Endangered Species Act in 1973 (ESA) no general protective legislation had been

put in place.1 The ESA potentially provides extensive protection for species listed, in-

cluding protection of critical habitat, implementation of a recovery plan, restrictions on

take and trade, authorization to make land purchase or exchanges for important habi-

tat, and federal aid to State and Commonwealth conservation departments. As matter

of fact, as of date over 2,400 species have made it on the ESA’s endangered species list,

and current annual expenditure on their conservation are over US$ 1.5 billion.2 This begs

the question as to how effective the ESA has been in terms of facilitating species recovery.

One has to recognize of course that in practise implementation of an effective species

recovery plan is not necessarily straightforward since habitats are not always easily de-

fined, threats are often multi-faceted, monitoring can be difficult, and implementation

can be costly, both more generally and in terms of opportunity cost.3,4,5 A representative

case in point of these challenges, and the object of our study here, is the loggerhead

sea turtle (Caretta caretta). More specifically, sea turtles are threatened by a number of

factors, including entanglement in fishing gear, poaching and illegal trade of eggs, meat,

and shells, ocean pollution, and coastal development6, their population is widely believed

to be decreasing at an alarming rate worldwide. A crucial part of the threat of coastal

development to loggerheads is the presence of artificial lighting on their nesting beaches,

where there has been considerable evidence that shows that artificial nighttime light de-

1Early calls for wildlife conservation emerged in the 1900s with the near extinction of the bison and
the disappearance of the passenger pigeon. A number of specific legislation pieces followed, such as the
Lacey Act of 1900, the Migratory Bird Conservation Act of 1929, and the Bald Eagle Protection Act of
1940. The first more comprehensive legislation passed was the Endangered Species Preservation Act of
1966, but while this act enabled the listing of native US animal species as endangered it provided very
limited protection (see Roman, 2011).

2USFWS (2015).
3See, for instance, Boersma et al. (2001), Boyd (2014) and EF (2016). Kerkvliet and Langpap

(2007) find no evidence of increased funding or habitat designation aiding species recovery. However,
in a subsequent study, Langpap and Kerkvliet (2012) show that habitat conservation plans do have a
significant impact on species recovery, as long as these are not multi-species plans.

4There is also some evidence that landowners preemptively destroy habitat to avoid potential land-use
regulations; see, for example, Lueck and Michael (2003) and Zhang (2004).

5For instance, Borkovic and Nostbakken (2017) find that in Canada the oil leases that are regulated
by species regulation lose 24% in value.

6See http://www.seeturtles.org/sea-turtles-threats/
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ters sea turtle adults from nesting and disorients them (for instance, Witherington, 1992;

and Johnson et al., 1996). Moreover, artificial lighting also increases the mortality rate of

sea turtle hatchlings because it interferes with hatchlings’ ability to find their way from

their nests on the beach to the sea (see, amongst others, Tuxbury and Salmon, 2005; and

Lorne and Salmon, 2007). In this regard, Brei et al. (2016) find that coastal light pol-

lution, through its effect on nesting activity, has substantially accelerated the potential

extinction of sea turtles in the Caribbean.

In terms of legal protection loggerheads have been ESA listed and hence protected

since 1978, with current annual expenditures of nearly US$ 9.5 million. Furthermore,

in Florida, which hosts 90 per cent of nesting activity in the US, they enjoy additional

protection under the 1995 Florida Marine Turtle Protection Act (MTPA).7 These legisla-

tive pieces specifically prohibit, amongst other things, the “take” of loggerhead turtles,

where “take” includes their harassment and harm. As confirmed by a ruling of a federal

appellate court in 1998, artificial light on beaches during their nesting period falls under

this definition of “take” and hence can be viewed as prohibited by both the ESA and the

MTPA (Barshel et al., 2014). Additionally, the Florida Department of Environmental

Protection (DEP) has enacted rule 62B-55 F.A.C., setting forth a set of guidelines for

local government regulations that control beachfront lighting to protect nesting females

and hatching sea turtles.8 However, importantly, the DEP sea turtle lighting rule does

not require local governments to legally adopt the proposed guidelines. While presently

most Florida coastal counties and municipalities have meanwhile adopted some form of

beach lighting ordinances, their ordinances differ widely not only in terms of their leg-

islative details but also in their effectiveness of implementation (Barshel et al., 2014).

Moreover, data on sea turtle disorientation collected by the U.S. Fish and Wildlife Ser-

vice (FWS) since 1987 suggests that nesting turtle disorientation has remained constant.9

This of course begs the question of how effective local legislation really is, particularly

since there are other alternative strategies to aid recovery of the loggerhead population,

such as captive rearing programs.

In this paper we specifically investigate the effectiveness of sea turtle lighting friendly

(STFL) legislation in encouraging loggerhead sea turtle nesting in Florida, what impli-

7See USFWS (2015).
8Apart from loggerheads, there are four other sea turtle species in Florida, although their nesting

activity is minimal compared to the former.
9Personal communication with Robbin Trindell, Florida’s Imperiled Species Management Plan.
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cations this has had for the total Florida sea turtle population, and what the monetary

benefits of the implemented legislation have been. To this end we, in the spirit of Barshel

et al. (2014), build a time-varying county level sea turtle friendly lighting ordinances

index that takes the intricacies of the legislative pieces and their implications for sea

turtle nesting into account. We combine this with annual local nesting activity and a

rich set of controls across a sample of Florida coastal counties to create a 26 year panel

data set, which we use to econometrically quantify the effectiveness of the ordinances.

With this estimate in hand, we employ a calibrated population model for loggerheads to

assess the effect of STFL ordinances on the evolution of their population over the long

term. We find that the regulations can significantly delay loggerheads’ extinction. Our

framework also allows us to compute the replacement cost associated with the extinction

of sea turtles and STFL ordinances.

There are already a number of studies that examine the effectiveness of species pro-

tection legislation in aiding species recovery.10 The evidence in this regard is rather

inconclusive. For instance, while Ferraro et al. (2007) show that unless the ESA listing is

combined with substantial funds listed species are likely to further decline, they also find

that listing followed by funding has a positive impact. Similarly, Kerkvliet and Langpap

(2007) find no evidence of increased funding or habitat designation aiding species recov-

ery, but a significantly negative impact on the probability that species are calssified as

declining or extinct. While Gibbs and Currie (2012), in contrast, discover that the num-

ber of years listed, years with critical habitat designation, the amount of peer-reviewed

scientific information, and funding did weakly increase recovery, these factors are only

able to explain 13 per cent. Also, Langpap and Kerkvliet (2010) discover that spend-

ing increases the probability of being classified as stable and improving, and decreases

the probability of being categorized as declining or extinct. Finally, in a follow up to

their earlier study, Langpap and Kerkvliet (2012) discover some evidence that habitat

conservation plans have a significant impact on species recovery, as long as these are

not multi-species plans. Importantly, however, all of these earlier studies pool data on

species as well as the legislation and recovery plans in their analysis. However, not only

do species differ widely in the nature of their habitat and the threats thereto, but, as a

perusal of current listed species shows, implemented recovery plans and legislation tend

to be very species specific and intricate. The derived results are thus difficult to evaluate

in terms of their effectiveness and their implications for policy. By examining a single

10See Langpap et al. (2018) for a comprehensive review
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species and legislation in detail, as we do here, one is arguably able to infer much more

precise findings and subsequent recommendations for species recovery. 11

The remainder of the paper is organised as follows. Section 2 introduces the concept

of STFL and the related regulations in Florida. We describe in Section 3 the construc-

tion of our database, including details regarding the construction of our measure of the

effectiveness of STFL ordinances in Florida. Section 4 provides the econometric analysis

of the paper. In Section 5 we study the effect of STFL ordinances on the loggerheads’

population dynamics, and in Section 6 investigate the monetary cost of light pollution.

Section 7 concludes.

2 Sea turtle friendly lighting (STFL)

Beaches are key for the survival of sea turtles. More precisely, although sea turtles spend

only a very small proportion of their lifetime on beaches, these sites are fundamental

to their reproductive phase, since females nest and hatchlings emerge on beaches. In

addition, their nesting behaviour exhibits natal philopatry, i.e., females are likely to only

nest on their natal beach.12

Given that sea turtle nesting and the emergence of hatchlings occurs almost exclu-

sively at night, artificial beach illumination can drastically disturb the normal nesting

behaviour of adult females and hatchlings (see Raymond, 1984; Witherington and Mar-

tin, 1996; or Witherington and Frazer, 2003, amongst others). Importantly, adult turtles

prefer to nest on unlit beaches. Moreover, nighttime illumination fosters direct human

disturbance of the nesting activity, frequently resulting in the abandonment or improper

completion of nesting.13 Beach lighting interferes as well with female adults’ ability to

correctly interpret physical cues that allow them to return to the safety of the sea after

nesting. This disorientation problem seems to be even more severe for the hatchlings (e.g.,

Witherington and Martin, 1996), where the unnatural stimuli of the artificial illumina-

tion can disrupt hatchlings’ instinctive sea-finding mechanisms, reducing their survival

11Arguably, our paper also contributes to the literature on the impact light polllution in general, in
that we provide a framework with which to examine how legislation can be used to counter-act its effect,
at least in terms of species.

12Sea turtles could in practise look for alternative nesting sites on neighbouring beaches if the original
site is no longer suitable (Worth and Smith, 1976; Witherington and Martin, 1996). However, studies
such as Brei et al. (2016) did not find no significant empirical evidence of this.

13Witherington and Martin (1996) also found that sea turtles discard their eggs in the ocean when
they do not find an appropriate nesting beach.
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probability due to exhaustion, dehydration, and predation (Bustard, 1967; Witherington

and Martin, 1996).

Preventing nightlight pollution on nesting beaches thus arguably constitutes an im-

portant component of the preservation of sea turtles. As noted in the introduction, the

Florida DEP explicitly recognizes this and has consequently set (non-mandatory) guide-

lines for local government regulations to control beachfront lighting. The main focus of

these guidelines is the adoption of STFL. Moreover, it should be noted that the new

lighting technologies can additionally minimize the need for human behaviour regulation,

such as requiring residents to close their curtains or to turn off exterior lights during the

nesting season.

The general principles of the DEP guidelines can be summarized as “Keep it Low,

Keep it Long, and Keep it Shielded”. “Keep it Low” refers to mounting the light fixtures

low in order to minimize light trespass, using as well the lowest lumens output needed.

Moreover, since sea turtles are very sensitive to the blue-light (short wavelength)14, re-

placing the common blue lamps with long wavelength light sources (greater than 580

nm, i.e., amber/red lamps) would significantly reduce sea turtles’ disorientation. This

additional principle is frequently known as “Keep it Long”. Finally, it is also advised to

fully shield (“Keep it Shielded”) the lamps in order to eliminate point source light using,

for instance, full cut-off fixtures (where no light is emitted above a 90-degree angle).

3 Data and summary statistics

3.1 Loggerhead nesting data

There are currently two main loggerhead sea turtle nest-count surveys in Florida, namely

the Statewide program and the Index program.15 While the Statewide program is in-

tended to be as complete as possible in terms of geographic coverage, it has not been

consistent over time, adding beaches, changing boundaries, and changing the survey dates.

In contrast, while not geographically exhaustive, the Index program has been constant

in effort and coverage over time. More specifically, trained observers count and record

nesting activity daily from the 15th of May to 31st of August, which represents most of

the loggerhead nesting season. These data are used as the main source for statistical as-

14See, for instance, Witherington (1992).
15For a detail discussion about these surveys, see Witherington et al. (2009).
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sessments of temporal trends in loggerhead nesting in Florida (Witherington et al. 2009).

For our analysis here we hence rely on the nesting data from the beaches covered under

the Index program for estimation purposes, but use the Statewide program beaches to

make predictions regarding the population implications of the sea turtle lighting legisla-

tion on nesting activity for the wider Florida. The total number of nesting beaches for

Florida in 2014 are depicted in Figure 1.16 Of these 214 beaches, 33 are covered under

the Index program, presented in red, and the rest under the Statewide program.

Figure 1: Nesting Beaches Surveyed under the Index Program

We use the annual Index nesting data for the period from 1989, its onset, until 2014,

for the 25 years for which we have non-missing data.17 Summary statistics of the number

of nest counts of loggerheads for the Index beaches for our sample period are given in

Table 1. As can be seen, the average annual number of nest counts per beach is 1,468,

although with considerable variability.

16The shapefiles for the nesting beaches were obtained from the Florida Fish and Wildlife Conservation
Commission.

17For the remaining 3 beaches, namely Siesta Key, Egmont Key, and Dry Tortugas, there were only a
few data points and hence we dropped these.
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Table 1: Descriptive Statistics

Variable Mean St.Dev. Min. Max.

NL 5.48 10.72 -0.11 66.11

NESTS 1468 3231 0 23712

SCORE 16 23 0 83

ROOMS [d=100m] 48 253 0 2490

ROOMS [d=200m] 212 927 0 7787

INCOME/CAP 40 12 15 80

NOURISHMENT 2 24 0 829

STORMS 0.63 1.52 0 12

DEMOCRATS 0.63 1.52 0 12

Notes: NL ≡ intensity of nightlights in 2014; NEST ≡ number of nests;

SCORE ≡ legislation score; ROOMS ≡ number of rooms within dmeters

of the shoreline; INCOME/CAP ≡ county income per capita (2014 US

dollars); NOURISHMENT ≡ average annual volume (cubic yards) of

sand placed on nesting beaches; STORMS ≡ number of storms that

affected a beach in a given year; DEMOCRATS ≡ share of registered

democratic voters.

3.2 STFL ordinance measure

While the DEP enacted the legislative rule “Model Lightning Ordinance for Marine Tur-

tle Protection” in 1993, it did not make it mandatory for local governments to adopt

the model. Rather sea turtle friendly lighting has been regulated at the county and/or

municipality level only. In order to identify all ordinances relevant to sea turtle friendly

lighting we started with the list of ordinances compiled by the Florida Fish and Wild

Conservation Commission (FWC)18, but completed these with an exhaustive search of

county and municipality level legislation.19 This resulted in a total of 92 coastal ordi-

nances on sea turtles nesting activity, including their implementation date. The first of

these was adopted in 1986.

Important for our analysis, following the STFL principles outlined in Section 2,

Barshel et al. (2014) introduced a method to measure the strength of local ordinances

regarding the regulation of beach light pollution. It is based on an approach called Con-

18http://myfwc.com/conservation/you-conserve/lighting/ordinances/
19County and Municipality legislation can be found on library.municode.com

7



tent Analysis, which aims at systematically quantifying the information included in texts

such as media messages or legal documents (e.g., Krippendorff, 2013). To this end the

authors evaluate to what extent an ordinance sets appropriate beach lighting conditions

for turtle nesting on two fronts. Firstly, they asses the photic habitat conditions provided

by the legislation using 17 statements termed the STFL Principles Component. Secondly,

they consider whether the ordinance includes appropriate legal devices in order to ensure

the implementation of these conditions in terms of a further 9 statements, labeled Imple-

mentation Component. For comprehensive lists of both sets of statements see Appendix

A. For instance, the statement “Exterior artificial light for existing development must be

long wavelength (i.e., 580 nm or greater)” (item 5 of STFL Principles Component) objec-

tively defines the wavelength for exterior illumination, while the statement “Is a provision

made for a compliance inspection during the nesting season?” (item 1 of Implementation

Component) requires the provision of appropriate means to monitor the installation of

this favorable type of beach lighting.

To rate each ordinance in terms of its effectiveness of ensuring sea turtle friendly light-

ing we follow the approach by Barshel et al. (2014) closely. More precisely, an ordinance

is evaluated on two specific scales. Regarding the Principles Component statements, the

scale takes four possible values: 0 ≡ concept not mentioned; 1 ≡ concept addressed but

vague; 2 ≡ concept addressed but less stringent (wording provides loopholes); and 3 ≡
addressed with the same strength. With respect to the Implementation statements, the

scale assigns 1 if the concept is addressed or 0 otherwise. For each group of statements

the scores were summed and normalized to have a maximum value of 50, and then these

two sums were added to provide a score that ranges between 0 and 100 for each ordinance.

For each of the nesting beaches we determined which municipality and county they were

located in and assigned to them the highest score of the two for each year, taking changes

over time into account in doing so. In cases where beaches crossed county or municipality

borders we weighted the scores according to the length of the beach located within them.

Figure 2 depicts the distribution of the legislation score corresponding to each nesting

beach at the end of our sampling period, 2014. Accordingly, there is clearly substantial

spatial heterogeneity with regard to sea turtle friendly legislation. From Table 1 one

can see that the average ordinance effective proxy, SCORE, in the Index beaches is

somewhat smaller (16) than the total sample (42), but both have considerable variation.

The maximum score observed over our sample period is 83.
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Histogram description

Figure 2: Score of Nesting Beaches

Figure 3: Distribution of SCORE

3.2.1 Verification of the ordinance score proxy

Given that the creation of our ordinance score variable is based to some extent on a

subjective evaluation of the legislation involved, it is important to verify that it actually
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captures what it is supposed to, namely the variation in the effectiveness in ensuring

STFL during nesting season. To this end Anderson et al. (2013) identified a number of

beaches in Florida with and without lighting ordinances and compared lighting intensity

in months during the nesting season to the months outside of the nesting season using

nighttime luminosity data derived from satellite imagery. Their analysis, employing dif-

ference in means tests, suggested that almost all beaches with ordinances in their sample

seemed to be in compliance with the legislation in the sense that nightlight intensity was

significantly lower during nesting season. We extend their approach here to allow for or-

dinance effictiveness, rather than just incidence, and econometrically test any differences

across beaches using the following specification:

NLimt = α+ηSCOREimt+βSCOREimt×MAYNOVi++γMAY NOV+ζX+πm+λt+µi+eimt,

(1)

where NL is the intensity of nightlights on beach i in month m of year t, SCORE is

the nesting friendly legislation score, MAYNOV is an indicator variable capturing the

joint effect of the May through November months, i.e., the official nesting season when

ordinances are generally in effect, X is a vector of control variables, π is a vector of

monthly indicator variables controlling for monthly differences in nighttime brightness

independent of lighting ordinance effectiveness , λ is a vector of yearly indicator variables

capturing yearly effects common to all beaches, µ is a set of beach specific indicator vari-

ables capturing time invariant beach specific factors, and e is an error term. Given the

likely serial and spatial correlation of the data we calculate Driscoll-Kray (1998) standard

errors for (1).

To proxy local nightlight intensity, NL, we, as in Anderson et al. (2013), use the

Visible Infrared Imaging Radiometer Suite (VIIRS) monthly nightlight imagery collected

and processed from the Suomi National Polar-Orbiting Partnership (SNPP) satellite since

April 2012. These processed data provide measures of nightlight intensity across the globe

at roughly 1h30 in the morning at a resolution of roughly 500m.20 We use images over

the 3 year period 2013-2015 in order to have three complete annual cycles. To capture

the monthly nighttime brightness on all nesting beaches, both Index and non-Index,

we took the nesting beach polylines in Figure 1, created 250m buffers around these,

extracted the nightlight grid cells from the monthly VIIRS, and averaged these for each

20The fact that light intensity is only measured at 1h30 in the morning possibly means that using it
as a proxy may ential missing some of the variation in nightlights if some areas reduce nightlights after
a certain hour regardless of legislation.
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month for each beach. As can be seen from 1, the average (pseudo) radiance value varies

considerably across beaches. We also depict the evolution of the average monthly nesting

beach nightlight intensity over our sample period in Figure 4, along with the difference

in this between beaches with and without STFL lighting ordinances. Accordingly, there

is clearly seasonal variation in nighttime brightness of the beaches. More specifically, the

brightest period is around March, after which the level of brightness falls until around

September when it noticeably rises again. Arguably there are potentially two factors

underlying these trends. Firstly, this cyclical pattern is certainly due in part to the nature

of the tourist season in Florida. For instance, in the sub-tropical south of Florida the

peak season roughly spans from mid-December until mid-April. In terms of estimating (1)

one should note that the monthly indicators π should control for this seasonality across

years. A second reason is that sea turtle nesting friendly lighting legislation during nesting

season existent on some beaches may also play a role. This is, however, not discernible by

comparing the trends in beaches with and those without any legislation, as the red line

in Figure 4 shows, suggesting that the extent of legislation, rather than the incidence,

may instead play a greater role.

Figure 4: Monthly Nightlight Intensity on Nesting Beaches

In terms of estimating (1) we first start of with modeling µ as a beach specific random

effect, and include, in addition to monthly and year dummies, the number of hotel rooms

in 2013, average annual number of storms since 1989, average annual beach nourishment

11



since 1989, and average income per capita in 2013 as controls in X.21 As can be seen in

Table 2, SCORE only has an effect on beach nightlight intensity during the official nest-

ing season, May to November. More specifically, beaches with greater STFL legislation

display lower light pollution during this period. This effect is, as shown in the second

column, only linear.

We next experiment with modeling µ as a time invariant fixed effect. One should

note that in this regard, that while there were considerable changes of legislation over

the sample period of our nesting data, there were no changes over the three year period

of the nightlight data, 2013-2016, so that SCORE itself is actually time invariant for

these years. Its effect is thus absorbed by the beach fixed effects. The results of esti-

mating (1) are depicted in the third and fourth column of Table 2. Accordingly, one can

decisively reject the null hypotheses that time invariant beach specific effects have no

influence on differences in nightlight intensity across beaches. Again, we find a negative

and statistically significant coefficient on the SCORE ×MAYNOV interaction term,

but no non-linear effect. Taking the coefficient at face value, the estimate suggests that a

one point increase in SCORE reduces nightlight intensity on a nesting beach by 0.1 per

cent on the average lit beach. If we take our average (max) legislatively protected nesting

beach relative to those that have no legislation in place, then the relative reduction in

nightlight intensity on the average beach would be 5.2 (12) per cent. Overall, while our

lack of other monthly time varying controls does not allow us to decisively conclude that

the relationship between nightlight light intensity and lighting ordinances is causal, it is

certainly suggestive of this and gives us some confidence that our proxy is a reasonable

measure of ordinance effectiveness.

21Unfortunately we do not have monthly data for these controls.
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Table 2: Nightlight Regression

(1) (2) (3) (4)

SCORE 0.1075 0.0034

(0.0940) (0.2985)

SCORE ×MAYNOV -0.0105** 0.0084 -0.0105** 0.0084

(0.0041) (0.0123) (0.0042) (0.0125)

MAYNOV -0.1278 -0.3018 -0.0606 -0.2345

(0.2722) (0.2924) (0.2307) (0.2548)

SCORE2 0.0015

(0.0041)

SCORE2 ×MAYNOV -0.0003 -0.0003

(0.0002) (0.0002)

Model RE RE FE FE

Observations 1188 1188 1188 1188

(within) R2 0.087 0.089 0.063 0.065

F (µi 6= 0) — — 2130*** 2124***

Notes: (a) Estimator: Fixed Effects (FE) Linear Estimator; (b) All time invariant

factors are purged from the Equation (1) via the FE estimator; (c) Driscol-Kraay

(1998) standard errors in parentheses; (d) (within) R2 is the percentage of within

beach explained variation; (e) ***, **, and * indicate 1, 5, and 10 per cent significance

levels, respectively; (f) F (µi 6= 0) is an F-test of the beach specific effects µ being

jointly equal to zero.

3.3 Other determinants of nesting activity

Given the likely non-random nature of the location of sea turtle lighting friendly legis-

lation, it is of course of crucial importance to ensure that in our empirical estimation

we capture all determinants of sea turtle nesting that may be correlated with the imple-

mentation of the regulatory framework across time and space. Our strategy to this end

was to extensively survey both the economic and non-economic literature for factors that

have been shown to affect or are correlated with nesting, and create indicators of these.

3.3.1 Hotels

Florida is well known for its attractive beaches. In this regard, guest accommodation near

the beachfront is often particularly valued and unsurprisingly Florida has seen a surge

in hotel construction over the last few decades. However, hotels constructed close to the

waterfront may, apart from causing lighting at night, also have other adverse impacts

on sea turtle nesting activity that one would want to control for. For one they may
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cause coastal squeeze and thus reduce the natural habitat of sea turtles.22 Additionally,

the inherent tourist activity surrounding hotels may act as a direct disturbance to sea

turtle nesting; see Davenport and Davenport (2006). Our data source for hotels within

proximity of a beach is the SRT Share hotels database. More specifically, the SRT lists

all hotels, existing and closed, since 1987, including the exact starting year, number of

rooms23, and latitude and longitude of location, amongst other things. It thus allows

us to create a time varying measure of hotel capacity for each nesting beach within a

chosen threshold of proximity. We as a benchmark consider hotels within 100 meters of

the shoreline, but also experiment with setting this threshold further away. As can be

seen from Table 1, across our nesting beach sample there is, on average, a hotel room

capacity of about 48 rooms, but with considerable variation.

3.3.2 Income per capita

The wealth of the local community of a beach may also play a role in nesting activity

in that wealthier communities are more likely to be environmentally friendly and hence

supportive of sea turtle friendly lighting. For instance, Yin et al. (2010) showed that

income played an important positive role for the valuation of sea turtle conservation in

Asia. To capture this aspect we use the most disaggregated measure of local income

available for Florida, i.e., county level local pesonal income from the BEA Regional

Economics Accounts. We normalize this series by county population and deflate it to

be in ’000s of 2014 US dollars. Each nesting beach is assigned the income per capita

series of the county that it is located in. For those beaches that stretch across more

than one county we use a beach length weighted average of the county level deflated

per capita data. Table 1 shows that the average income in the counties containing the

sample nesting beaches is about $US 40,000, with some beaches located in counties with

an income double this value.

3.3.3 Beach nourishment

Beach nourishment, the human replacement of lost sand on beaches, which is a common

practise in Florida, may also have an effect on sea turtle nesting. For instance, Rumbold et

al. (2001) find that in the first season after a beach nourishment project was implemented

22See, for instance, Mazaris et al. (2009) for an analysis of coastal squeeze on sea turtles.
23For a few hotels there was no information with regard to the number of rooms. For these we

estimated the number of rooms by using the mean number of rooms of hotels by type of operation (chain
management, franchise, or independent), type of location (airport, interstate, resort, small metro/town,
suburban, or urban), type of price (budget, economy, luxury, mid-price, or upscale), class (economy,
luxury, midscale, upper midscale, upper upscale, or upscale), and whether it had a restaurant.
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on Palm Beach (Florida) the number of loggerhead nests fell significantly, with a smaller

effect in the second season. To take account of beach nourishment we construct annual

time series of beach nourishment projects using information from the Strategic Beach

Management Plan (SBMP) reports. More specifically, the SBMP reports, one for each of

Florida’s 7 regions24, serves as an inventory of Florida’s strategic beach management areas

located on the Atlantic Ocean, Gulf of Mexico, and Straits of Florida. Importantly, these

reports contain for each beach a detailed account of beach nourishment projects over time,

including the year, the volume of sand used, and the location of the segment(s) of beach

treated in terms of the nearest starting and nearest ending beach range monument.25 We

allocated projects to the nesting beaches if their segments fell within the stretch of a

beach. In the case where the segment(s) was not completely contained within a nesting

beach, we allocated the proportion of volume equivalent to the proportion of segment of

the project intersected by the beach. Table 1 shows that the average annual volume of

sand placed on nesting beaches is about 2 million cubic yards.

3.3.4 Storms

Another factor potentially affecting sea turtle nesting are storms causing beach erosion.

In this regard, Houtan and Bass (2007) used monitoring surveys over a ten year period

from the Dry Tortugas National Park to show that the incidence of tropical cyclones

decreased the number of loggerheads substantially. In order to capture the potential role

of storms we use the SBMP reports which list for each region all known damaging storms

as well as the beaches affected. To take account of their effect we simply use the total

count of storms, both tropical storms and easterlies, that affected a beach in a given year.

The summary statistics in Table 1 reveal that on average a beach is affected by roughly

one storm per year, but that some have been substantially more affected than others.

24These regions are the Northeast Atlantic Coast, Central Atlantic Coast, Southeast Atlantic Coast,
Florida Keys, Southwest Gulf Coast, Big Bend Gulf Coast, and Panhandle Gulf Coast.

25The range monuments are FDEP beach reference points, spaced offshore approximately 1,000 feet
apart, and are typically known as “R” stations.
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4 Econometric analysis

4.1 Nesting activity regression

In order to investigate the impact of sea turtle friendly lighting legislation on loggerhead

nesting activity we estimate the following:

NESTSit = α +
n∑
j=1

βjSCORE
j
it + λCit + πt + µi + eit, (2)

where NESTS are the number of loggerhead nests found on Index beach i in year t, and

SCORE is our legislation scoring variable, possibly including higher order terms. The

vector π are a set of yearly indicator variables capturing year specific shocks affecting all

nesting beaches, µ are time invariant beach specific effects, and e is the error term.

The dependent variable in (2), NESTS, is by nature a count variable and hence stan-

dard linear regression methods are not appropriate. We thus instead use a count variable

estimation model. In this regard, the two most common choices are the Poisson and Neg-

ative Binomial model, where the latter is preferred if there is over-dispersion. As Table 1

shows, this is indeed true in our case and we therefore employ a negative binomial count

model. In those specification where we take account of the beach specific time invariant

effects, µ, we run the fixed effects version of this model; see Cameron and Trivedi (2013).26

Our aim is to identify the causal effect of SCORE on nesting activity. Clearly,

given that there a number of environmental and economic factors that are likely to affect

NESTS but are also correlated with SCORE, simply regressing NESTS on SCORE is

likely to fail to do so. Incorporating beach fixed effects µ will take account of any poten-

tially problematic time invariant unobservables, such as unobserved beach characteristics,

that are beneficial to nesting but also may attract tourist activity. To also control for

beach specific time varying factors that may affect both, our vector C consists of our

other control variables, which, as outlined earlier, are the known relevant determinants

of nesting as identified from the existing literature. More specifically, we include the

number of hotel rooms, ROOMS, county level income per capita, INCOME/CAP , the

volume of sand placed under beach nourishment proejcts, NOURISHMENT , and the

26One should note that the fixed effects in Cameron and Trivedi (2013) estimator are conditional fixed
effects and thus not strictly equivalent to the inclusion of panel unit dummies, which would produce
inconsistent estimates; see Allison and Waterman (2002). For convenience sake we nevertheless simply
refer to these as fixed effects.
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number of storms, STORMS. Arguably, with this rich set of controls we are likely to

be capturing all time varying beach specific factors relevant to sea turtle nesting activity

that may also be related to the extent of sea friendly lighting legislation at a beach.

One may also worry about possible simultaneity of the passing of ordinances, or

changes therein, and nesting activity. In particular, if nest counts at a beach indicate a

potential fall in nesting activity for that season a ordinance may be passed to counteract

such a decrease. There are a number of reasons why in reality this is unlikely to be a

concern. Firstly, nest counts are only collated at the end of the season. Secondly, passing

an ordinance can be a tedious and long process.27 For instance, at the municipality level

the typical procedure involves drafting a proposal that needs to be submitted to the city

council, which may then consult on the content through a special committee. Often there

is also a public hearing, which may result in further proposed changes to the legislation.

Finally, after potentially several revisions and repetitions of this procedure, the ordinance

must be voted on by the council and possibly the city major, and then takes effect at a

specified later date. This whole process is likely to take some time, and almost certainly

would not be completed within a nesting season.

4.2 Regression results

The results of estimating variations of (2) are provided in Table 3. In the first column

we ran a negative binomial regression of NESTS on SCORE without controlling for

any covariates apart from yearly indicator variables. As can be seen, the coefficient on

the legislative variable is positive and significant, indicating that sea turtle protective

legislation has acted to increase nesting activity of loggerheads. When we subsequently

allowed for beach specific time invariant differences by using the fixed negative bino-

mial estimator in the second column, the coefficient was reduced by nearly 90 per cent.

This indicates that there are important time invariant differences across beaches that are

positively correlated with both legislation and nesting activity and not taking account

of these would severely upwardly bias the estimated effect of legislation on nesting. We

thus for further estimations proceeded to rely on the fixed effects negative binomial model.

In the third column of Table 3 we include our vector of controls, C, as outlined above.

As can be seen, their inclusion only slightly changes the coefficient on SCORE after

controlling for beach time invariant effects. In terms of their role in affecting nesting

activity, we find that more hotel rooms located near the beach lowers the number of

27See http://www.statescape.com/resources/local/ordinance-process.aspx
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loggerhead nests, whereas beaches located in richer counties tend to have more nesting

activity. In contrast, neither beach nourishment projects nor the number of storms have

significantly affected loggerhead nesting. To investigate whether hotels further than 100

meters from the shoreline might still have an impact on nesting we increased the threshold

d to 200 meters, where the results of including this alternative proxy are depicted in

the fourth column. However, the lower threshold renders the coefficient on ROOMS

insignificant. We also explored whether the fact that we have not found any significant

role for beach nourishment projects and storms is because we were assuming only a

contemporaneous effect by including their lagged values in the fifth and sixth column.

However, as can be seen, this does not change our conclusion regarding their lack of

importance in discouraging loggerheads to nest on a beach. Since re-migration, when it

occurs, is about every 2 years 28, we also included up to three lags of dependent variable as

additional controls in the seventh column, but this also does not change the significance

on SCORE.

28See Bjornda and Meylan (1983).
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Table 3: Nests Regression

(1) (2) (3) (4) (5) (6) (7) (8)

SCORE 0.04270** 0.00478** 0.00481** 0.00479** 0.00482** 0.00478** 0.00892*** 0.02040**
(0.00524) (0.00099) (0.00101) (0.00111) (0.00101) (0.00101) (0.00121) (0.00374)

SCORE2 -0.00029**
(6.62e-05)

ROOMS[d = 100m] -0.00223** -0.00223** 0.00222** -0.00229*** -0.00207**
(0.000705) (0.000695) (0.000707) (0.00062) (0.000741)

INCOME/CAP 0.00888* 0.00885* 0.00906** 0.00869* 0.00982 0.00667
(0.00354) (0.00358) (0.00351) (0.00356) (0.00370) (0.00351)

NOURISHMENT -0.00233 -0.00288 -0.00240 -0.00234 -0.00213 -0.00217
(0.00202) (0.00201) (0.00204) (0.00202) (0.00171) (0.00199)

STORMS -0.00337 -0.00329 0.00191 -0.00153
(0.0122) (0.0122) (0.01124) (0.0119)

ROOMS[d = 200m] -1.89e-05
(3.70e-05)

NOURISHMENT (t− 1) -0.000465
(0.00173)

STORMS(t− 1) -0.00606
(0.0114)

NESTS(t− 1) 0.00002***
(9.75e-06)

NESTS(t− 2) 0.00002
(0.00001)

NESTS(t− 3) 0.00002
(9.93e-06)

Observations 780 780 780 780 780 780 690 780
Beaches 33 33 33 33 33 33 33 33
Log Likelihood -5962 -4221 -4214 -4216 -4214 -4214 -3632 -4205
χ2-Test 66.39*** 342.96*** 356.66*** 353.01*** 366.66*** 365.67*** 611.19 389.96***

Notes: (a) Robust standard errors in parentheses; (b) ***, **, and * indicate 1, 5, and 10 per cent significant levels; (c) Dependent variable
is number of loggerhead nests; (d) All regressions include yearly indicator variables; (e) Column (1) is a standard negative binomial estimator,
while columns (2) through (8) include time invariant beach specific effects.
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Thus far we have assumed that an increase in our legislative score can only have a

linear impact on nesting activity. Feasibly at higher levels of effectiveness additional

refinement of the code may have less of an impact than where there are few legislative

provisions to ensure sea turtle friendly lighting. In the final column of Table 3 we hence

included the squared value of SCORE as an additional control. Accordingly, while the

linear term remains significant, the quantitative size of the coefficient increases nearly

fourfold. At the same time, however, the squared value of SCORE is significantly neg-

ative. Taking together this suggests that there is am inverted u-shaped relationship

between SCORE and NESTS, so that a higher legislative score will encourage nesting

activity but at a decreasing rate.29

4.3 Robustness Checks

29One may want to note that, although not reported here, we also experimented with further higher
order terms but these turned out to be insignificant.
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Table 4: Robustness Checks

(1) (2) (3) (4) (5) (6) (7)
(8)

SCORE 0.01161*** 0.01089*** 0.04453*** 0.03621***
(0.00143) (0.00176) (0.00518) (0.01074)

SCORE2 -0.0060*** -0.00048**
(0.0009) (0.00019)

FIRST -0.40874
(0.24571)

SCORE ∗ FIRST 0.04211***
(0.01305)

SCORE2 ∗ FIRST -0.00053***
(0.00016)

SCORE25 0.37751***
(0.06373)

SCORE50 0.42175***
(0.08889)

SCORE100 0.13164**
(0.05526)

PSCORE 0.01406***
(0.00291)

ISCORE 0.02622***
(0.00672)

PSCORE ∗ ISCORE -0.00114***
(0.00026)

Observations 600 600 600 600 780 780 780
Beaches 33 33 33 33 33 33 33
Log Likelihood/R2 -3168 -3157 -3146 -3142 -4203 -4201 -4202
χ2/F-Test 427.83*** 476.69*** 500.05*** 521.15*** 398.19*** 415.41*** 396.07***

Notes: (a) Robust standard errors in parentheses; (b) ***, **, and * indicate 1, 5, and 10 per cent significant levels; (c) Dependent variable is
number of loggerhead nests; (d) All regressions include yearly indicator variables; (e) Column (1) is a standard negative binomial estimator, while
columns (2) through (8) include time invariant beach specific effects.
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We argued earlier that since we included proxies for all possible other determinants

of nesting, as found in the existing literature, our specification in (2) is unlikely to suffer

from omitted variable bias. Moreover, given the lengthy process of passing legislation

there is also unlikely to be a simultaneity issue. To further verify this we additionally ex-

perimented with instrumenting SCORE. More specifically, a plausible instrument might

be the political composition of the area around a beach, under the argument that local

voters may pressure local legislators to pass STFL more, or less, according to their polit-

ical affiliation, but that this composition is unlikely to have any direct effect on sea turtle

nesting. To proxy such local political composition we use data on voter registration by

county and by party available from the Florida State Department, and construct from

this the share of democratic party registered voters related to each beach. Since this

data is only available from 1995 onwards, we first re-ran our specification in (2) allowing

for a linear effect of SCORE on this reduced sample. As can be seen from the first

column in 4, while the coefficient is somewhat higher than in the full sample, it remains

statistically significant. Since (2) is a non-linear model, standard 2SLS methods would

be inappropriate in order to instrument SCORE. Rather we, as suggested by Woolridge

(2005), use a control function approach where the endogenous variable is regressed on the

instrument and all other control variables and the predicted error term is then included

in the second stage as an additional variable. One should note in this regard that for the

first stage the share of democratic registered voters was a highly significant (negative)

predictor of STFL, with a t-statistic of 8.51, and thus a relevant instrument. Importantly,

instrumenting for SCORE in (2) only marginally changes its coefficient, as shown in the

second column. As a matter of fact, a z-test (statistic of 0.32) does not suggest that one

should reject the null hypothesis that instrumented and non-instrumented coefficients

are the same. In the third and fourth column we show similarly for the 1995 to 2013

sample the specification allowing for a non-linear effect of SCORE non-instrumented and

instrumented, respectively. 30 Again, the coefficients on SCORE and SCORE2 hardly

change when we instrument for them, where this lack of difference is further confirmed

by a z-test.31

Next we explored whether it is the incidence of having legislation, rather than the

extent of legislation, that affects loggerhead nesting activity. To this end we created

30This consisted of instrumenting SCORE and SCORE2 with the share of demographic voters and its
value squared. The F-statistics on these predictors for the first stage of the levels and squared equations
were 44.53 and 29.51, respectively.

31The z-statistic was 0.70 and 0.59 for SCORE and SCORE2, respectively.
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a dummy variable, FIRST , that takes on the value of one when SCORE > 0 and

zero otherwise, and include it as well as its interactions with SCORE and SCORE2

in our benchmark specification. As can be seen, from the fifth column in Table 4, it

is the extent of the legislation that is driving the positive impact on nesting. We also

experimented with using a piecewise polynomial rather than a quadratic term to capture

non-linearity in the legislation-nesting relationship, with knots chosen at 25, 50, and 100.

The estimated coefficients on these, depicted in the sixth column, similarly that SCORE

has a decreasing impact on nesting, especially once it passes a value of 50.

One may recall that we constructed SCORE as a simple sum of points given to the

Principal Components and Implementation statements. In other words, we assume that

both aspects have a similar and cumulative impact opn nesting. To further investigate

this we split SCORE into these two factors, PSCORE and ISCORE, respectively, and

included these as well as their interaction term in (2). As can be seen from the final

column in 4, ISCORE has a 85 per cent higher per point impact than PSCORE, but,

as the interaction term suggests, the two factors act partially as substitutes. This may

explain the inverted u-shaped relationship we find when we use our total legislation score.

4.4 Marginal Effect

We can now use our coefficients to determine the quantitative impact of ordinance effec-

tiveness on loggerhead nesting. One should note in this regard that there are two sources

of non-linearity as a result of our econometric specification: the non-linear nature of the

negative binomial model and the non-linear effect of SCORE. Using the estimated coef-

ficients from column (7) of Table 3 and setting the value of all other co-variates at their

mean, we depict the implied marginal impact of SCORE across its range along with

95 per cent confidence intervals in Figure 5. As can be seen, moving from a beach not

covered by any sea turtle lighting related legislation to one with a score of 1 increases

the number of nests by 9. This marginal effect increases as one moves across the range

of possible values to reach a peak at 36 to then start falling. At the end of the spectrum,

increasing the score from 99 to 100 results in an additional 4 nests.
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Figure 5: Marginal Effect of Legislation

In Figure 6 we plot the full range of cumulative effects by summing the marginal effects

across the range of possible values of SCORE. Accordingly, the additional nests to be

gained for a beach with no legislation in place of one with the highest possible score of a

100 is 1,119 nests. Comparing this to the mean, this suggest that the average beach would

experience a 76 per cent increase to go from no legislation to adopting an ordinance with

maximum effectiviness. If we consider the mean score of all nesting beaches in Florida,

i.e., 42, then our results suggest that on average an additional 502 nests annually on a

beach can be attributed to the current legislation implemented in Florida, i.e., about 34

per cent. One may also note that the turning point of inverted u-shape relationship is

beyond the maximum score of 100.
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Figure 6: Cumulative Effect of Legislation

5 Sea turtle population dynamics

In the previous section we quantified the effect of STFL ordinances on nesting activity.

However, importantly in terms of species preservation, impacts at the nesting stage will

also feed into the population dynamics of turtles. We thus now quantify the effect of

coastal ordinances on sea turtles by means of introducing our estimates into a dynamic

model of their population. In this regard it is well-known that the life cycle of sea

turtles is comprised of a series of development stages (see, for instance, Heppell et al.,

2003). We thus employ the stage-structured population model of Crouse et al. (1987)

and Crowder et al. (1994), in which the individual females are grouped by stage. Each

stage is characterized by its annual reproduction and survival rates, as well as by the

number of years that a turtle stays in that stage.

5.1 Population model

Our model consists of five stages of sea turtle development: (1) eggs/hatchlings, (2)

small juveniles, (3) large juveniles, (4) subadults, and (5) adults. We define the stage

distribution vector at time t ≥ 0 as

xt ≡ (x1t, x2t, x3t, x4t, x5t), (3)
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where xit is the number of female sea turtles in stage i at time t for i = 1, . . . , 5. By

means of a five-stage Leslie matrix L, we obtain the population distribution at time t+ 1

as

x′t+1 = Lx′t, (4)

where x′ denotes the transpose of vector x. Hence, starting from a given initial stage

distribution x0, we get the evolution of the population by recursively applying (4).

Let Pi denote the percentage of females in stage i that survive but remain in that

stage, Gi be the percentage of females in stage i that survive and progress to the next

stage, and Fi be the number of hatchlings per year produced by a sea turtle in stage

i (i.e., annual fecundity). Therefore, the number of hatchlings produced by each stage

class at time t+ 1 is given by

x1t+1 = F 1x1t + F 2x2t + F 3x3t + F 4x4t + F 5x5t. (5)

Moreover, the number of females present in the subsequent stage j, for j = 2, . . . , 5, is

xjt+1 = Gj−1xj−1t + P jxjt. (6)

Taking (5) and (6), the matrix L in (4) is

L ≡



F1 F2 F3 F4 F5

G1 P2 0 0 0

0 G2 P3 0 0

0 0 G3 P4 0

0 0 0 G4 P5


.

The fecundity rates Fi are typically directly obtained from actual data on sea turtles.

However, Gi and Pi need to be calculated from information about the duration (di) and

the yearly survival rate (σi) of each stage i. Let us first determine the percentage of sea

turtles from stage i that grow into stage i+ 1 as

γi =


(1−σi)σ

di−1
i

1−σdi
i

if σi 6= 1

1
di

if σi = 1.
(7)

Consequently, the percentage of turtles in stage i that remain in that stage is 1− γi. We
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can then obtain Gi and Pi as

Gi = γiσi, (8)

Pi = (1− γi)σi. (9)

The solution of (4) for all t ≥ 0 is x′t =
∑5

i=1 civ
′
λi
λti, where vλi denotes the eigenvector

corresponding to the eigenvalue λi of L, and ci are constants determined by the initial

stage population distribution. Considering the specific characteristics of loggerheads in

Florida, we will show later on that |λ1| > |λj| for j = 2, . . . , 5. Then, for a large t the

solution takes the form

xt
′ ' c1v

′
λ1
λt1, (10)

where λ1 is frequently called the dominant eigenvalue. Therefore, the long-run proportion

of the population in stage i is given by

ξi =
vλ1 i∑5
k=1 vλ1k

, (11)

where vλ1k is the kth coordinate of the eigenvector vλ1 .

In order to compute the matrix L we need data about the duration (di), the annual

fecundity rate (Fi) and the yearly survival rate (σi) of turtles in each stage i. Crowder

et al. (1994) provide this information for loggerheads in Florida (see Appendix B). Ap-

pendix C describes the properties of the corresponding Leslie matrix, mainly focusing

on the eigenvalues and the long-run stage distribution (11). With respect to the initial

distribution x0, we use available current estimates of the number of adult loggerhead

females in Florida. With the share of turtles in each stage, we can then establish the

number of individuals per stage and, consequently, the initial vector x0.

As in Crowder et al. (1994), we suppose that the distribution of individuals among

stages is stable. We showed above (Equation 10) that one can reasonably assume this

when the population is near to its long-run equilibrium. In this regard, provided that λ1

is the dominant eigenvalue of L (see first row of Table A.2 in Appendix C), the model

predicts that the percentage of female loggerheads in each stage (Table A.3 in Appendix

C) will be 21.72 (stage 1), 67.65 (stage 2), 9.76 (stage 3), 0.61 (stage 4), and 0.26 (stage

5). Moreover, since |λi| < 1 for i = 1, . . . , 5, sea turtles characterized by the model

parameters will face the risk of extinction in the long-run.32 Indeed, as noted in the

32Notice that, for |λi| < 1 for i = 1, . . . , 5, the number of individuals asymptotically converges to zero.

27



introduction, loggerheads in Florida are currently listed as threatened according to the

US Endangered Species Act (Witherington et al., 2009).

Richards et al. (2011) estimate that the population of adult loggerhead females in

the western North Atlantic is about 38,334 individuals, most of them stemming from

Florida (the largest subpopulation). Considering this value together with the percent-

ages of individuals per stage stated above, we can calibrate x0 (see last column of Table

A.3 in Appendix C). Note that in our simulations we set x10 = 3, 528, 180 following the

estimated production of loggerhead hatchlings per year in Florida reported by Brost et

al. (2015). This number is fairly close to our estimate of 3,159,771 loggerhead hatchlings.

With our calibrated model in hand, we can give numerical projections of the popu-

lation of female loggerheads in Florida (per stage and in total) starting from the initial

distribution x0 until a time horizon t = T > 0. In particular, by considering a large

enough T , we can quantify the years to extinction. In the context of our model, this

can be defined as the number of years for less than one individual to remain.33 We first

consider the benchmark scenario of no ordinances, which is described by the L matrix

corresponding to Table A.1 in Appendix B. We then compare it with the population

dynamics under different strength levels of STFL ordinances.

In order to quantify the ordinances’ effect on the population dynamics we incorporate

the estimated effect of the SCORE variable into the population model. Since our earlier

results show how legislation raises loggerheads’ nesting activity, the implementation of

STFL ordinances will increase the annual fecundity rate Fi in the matrix L. In order to

modify this parameter we compute the increase in hatchlings per year due to the adoption

of ordinances at a strength level S. Let us denote by NEST avg the average number of

nests per beach. If the ordinances are set at a strength level S, the estimated cumulative

marginal effect of the legislation on nesting activity, CSCORES, will be as depicted in

Figure 6. The average percentage point increase in nests τ(S) is then given by

τ(S) =
CSCORES/r

NEST avg + CSCORES/r
100, (12)

where r represents the remigration interval (in years) of loggerheads. One should observe

that, as in Brei et al. (2016), we are working at the individual sea turtle level. Hence, since

33As it is standard in the sea turtles’ biology literature, the population models focus on female dy-
namics. Therefore, extinction occurs when the last female disappears.
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each turtle does not nest every year, we adjust the accumulative effect of the ordinances

by dividing CSCORES by the remigration interval r. In this regard Bjornda et al.

(1983) show evidence of a remigration interval of loggerheads in Florida of 2 years, and

Phillips et al. (2014) observe that this remigration interval has not changed over time

in Florida. We thus consider r = 2 for our simulations. Moreover, with no empirical

evidence available, we simply assume that the percentage increase in nests will result in

the same percentage increase in eggs per female sea turtle. Hence, considering (12), we

finally modify the annual fecundity as F̃i = [1 + τ(S)/100]Fi.

5.2 Out of Sample Prediction

Our econometric analysis is based only on the Index Beaches in Florida since surveying

efforts for these have been consistent over time. However, we would like to use our re-

sults to make predictions for the total Florida loggerhead population, i.e., also for nesting

activity in non-Index beaches. It is thus important to demonstrate that the estimated

legislation-nesting relationship is representative for these beaches as well. To this end we

have access to nesting data from the Statewide program for the years 2008 to 2014, under

which both Index and non-Index were surveyed, but surveying efforts across time were

not necessarily consistent. Sample statistics by beach category are shown in Table 5. As

can be seen, while the number of hotel rooms within 100m of a beach, income per capita,

and storm activity are not statistically different between the two groups of beaches, there

are considerable differences in terms of nightlight intensity, legislation score, beach nour-

ishment, and number of nests.34

To examine whether the differences in the mean characteristics across beach groups

also translates into a different relationship between legislation and nesting activity, we

re-estimated (2) using the Statewide program nesting data, but separately for Index and

non-Index beaches in Table 6. As can be seen, for both samples there is a significant

inverted u-shaped relationship between legislation and nesting activity. If we compare

the coefficients on the Index beach sample to those in Table 3 one finds that they are good

bit larger. This might be in part due to the difference in monitoring technique between

the two surveys, as well as the more recent sample period of the Statewide program.35

34The larger nesting activity in Index beaches is not surprising, since these are in part chosen to be
capture much of the nesting activity in Florida.

35As a matter of fact, in reducing the sample of the Index beach survey data that we used earlier to
the same 2008 to 2014 period, the estimated coefficients from (2) on SCORE SCORE2 were 0.045 and
-0.0005, respectively.
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Table 5: Index vs. Non-Index Beach Comparison

Sample Index Beaches Non-Index Beaches Difference

Variable Mean St.Dev. Mean St.Dev. t-stat

NL 5.48 10.71 8.62 10.55 13.11***
NESTS 1295.62 2422.36 176.25 505.65 11.95***
SCORE 34.29 21.79 40.21 21.26 3.18**
ROOMS [d=100m] 92.16 432.45 77.25 213.18 0.63
INCOME/CAP 50.44 12.52 50.64 13.82 0.17
NOURISHMENT 1.91 11.16 0.322 4.51 3.02***
STORMS 0.68 1.04 0.73 1.09 0.56

Notes: NL ≡ intensity of nightlights; NEST ≡ number of nests; SCORE ≡ legislation score;
ROOMS ≡ number of rooms within d meters of the shoreline; INCOME/CAP ≡ county income
per capita (’000s); NOURISHMENT ≡ average annual volume (cubic yards) of sand placed on
nesting beaches; STORMS ≡ number of storms that affected a beach;

However, more importantly, there appears to be not too much difference in the coefficients

on SCORE and SCORE2 between the two sample of beaches. As a matter of fact, a

z-test of the difference in coefficients across the two samples was 0.0721 and 0.0002 for

SCORE and SCORE2, respectively. One can thus conclude that, despite the differences

in some of the mean characteristics, the base impact of sea turtle friendly legislation on

nesting activity is similar on Index and non-Index beaches, and we thus can confidently

use our results from the last column in Table 6 to predict loggerhead population dynamics

for the entirety of Florida.

5.3 Dynamic results

Starting from the calibrated initial population x0, we provide projections of the popu-

lation of female loggerheads in Florida by recursively applying (4). We focus on three

scenarios, considering different SCORE levels of the ordinances. The scenario repre-

sented by the L matrix directly computed from Table A.3 in Appendix B corresponds to

the situation of “no ordinances” in place, while the other scenarios consist of introducing

various levels of STFL regulations.

As noted before, we will assume that the ordinances modify the annual fecundity rate

by (12) and set NEST avg at the average observed of our nesting data, namely 1,468 nests

(see Table 1). We first consider the case corresponding to the current level of ordinances

in the nesting beaches in Florida, called “ordinances” scenario. In our model this situ-

ation is characterized by the average score S = 42 of all Florida nesting beaches as is
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Table 6: Regression by Beach Type

Index Beaches Non-Index Beaches

(1) (2)

SCORE 0.06008*** 0.05273***
(0.00524) (0.00986)

SCORE2 -0.00072*** -0.00072***
(0.00027) (0.00016)

Observations 164 796
Beaches 33 161
Log Likelihood -686.5 -2413.7
χ2-Test 252.3*** 536.7***

Notes: (a) Robust standard errors in parentheses; (b) ***,
**, and * indicate 1, 5, and 10 per cent significant levels;
(c) Dependent variable is number of loggerhead nests; (d)
All regressions include yearly indicator variables; (e) Col-
umn (1) is a standard negative binomial estimator, while
columns (2) through (8) include time invariant beach spe-
cific effects.

evident from Table 1. This corresponds to a cumulative effect of CSCORE42 = 502 nests

(see Figure 6) and implies an increase of the annual fecundity of about 15%. Finally, we

study the prospect of setting the ordinances at the maximum effectiviness. Under this

scenario (“ordinances max.”) S = 100 across beaches and the corresponding cumulative

effect is CSCORE100 = 1, 019 nests, inducing the rate of annual fecundity to increase by

26%.

We depict the evolution of the Florida loggerhead population for our three different

scenarios in Figure 7. Under the scenario of no ordinances |λi| < 1 for i = 1, . . . , 5, and

thus, as noted before, our model predicts that loggerheads will eventually become extinct.

We find that this outcome is not reversed even when coastal areas adopt nesting friendly

regulation at their maximum strength level (see rows 2 and 3 of Table A.2 in Appendix

C). However, implementing the ordinances allows the population to increase along the

transition due to the rise in fecundity.
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Figure 7: Total Population
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A direct implication of implementing STFL legislation is that loggerheads extinction

will be delayed. We provide the exact years to extinction in Table 7. As can be seen,

current level of ordinances increases years to extinction by 22 (10%), while implementing

maximum effective legislation across Florida’s nesting beaches will add a further 19 years.

Table 7: Time to Extinction

No ordinances Ordinances Ordinances max.

Years to extinction 223 245 264

Relative change (%) – 9.87 18.38

6 Monetary cost of light pollution

The model presented in the previous section has allowed us to study and quantify the

dynamic effects of STFL ordinances on the different generations of sea turtles. In what

follows, we will apply our results in order to assess the monetary cost of the loss of sea

turtles due to not adopting STFL ordinances to varying degrees. This will be estimated

by computing the replacement cost for sea turtles, defined as the cost of substituting

turtles in the wild with individuals raised in captivity. Then, considering estimates for
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the WTP (Willingness To Pay) for the protection of sea turtles in Florida and in the USA,

we will evaluate to what extent actual public willingness to pay for the preservation of

sea turtles can compensate for this cost.

6.1 Replacement cost

In the context of our paper, the replacement cost for sea turtles is used as a measure of

the loss in ecosystem services due to the reduction in the population of turtles induced

by artificial beach illumination, as in Brei et al. (2016). This cost should be understood,

however, as a lower threshold of the true loss in ecosystem services since it ignores the

potential survival differences between sea turtles raised in captivity and those raised in

their natural environment (Freeman, 2003; and Troeng and Drews, 2004). Nevertheless,

one should note that the notion of replacement cost in terms of the loss of population

has already been recently applied in legal procedures against sea turtle eggs smugglers

in the USA, where it was explicitly stated that “when an egg is destroyed, the defendant

removes not only that specific potential animal from the population, but also all poten-

tial offspring that could have eventually been borne by that animal and its descendants”

(Duffy, 2016b, page 7).

In order to determine the replacement cost for turtles we consider hypothetical fixed-

term captivity-rearing programs of loggerheads in Florida. More specifically, by means

of our calibrated population model we quantify the number of turtles that these pro-

grams would require to breed in order to achieve the same extinction reducing effect as

STFL ordinances. Then, taking into account actual information about the rearing cost

of loggerheads in conservation facilities, we compute the cost of such an alternative con-

servation management strategy.

An important element in our valuation exercise is the actual cost of raising sea tur-

tles in captivity. As determined from a personal communication with Benjamin Higgins,

NOAA Federal/National Marine Fisheries Service Galveston Laboratory, we note that

turtles are typically raised in Florida/Gulf of Mexico until they are about 2 years old

in order to benefit from the use of turtle excluder devices (TED), mandatory in shrimp

trawls since 1987 (see Duffy, 2016b).36 We thus focus on the rearing costs of 2 year-old

loggerheads, and in line with information provided by Nicholas Blume, Florida Atlantic

36TEDs are scape hatches, which allows captured turtles to escape nets before drowning (, see, for
instance, Crowder et al., 1994; or Heppell et al., 2003).
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University (FAU), assume this to be US$836 per 2 year-old.37 Alternatively, we use

the figure of about US$2000 per loggerhead as suggested by Benjamin Higgins from the

NOAA facility in Galveston Laboratory, and which was used in the aforementioned legal

case (see Duffy, 2016ab).

With the rearing cost figures in hand we compute what the cost of a rearing program

would be as an alternative to various STFL scenarios in terms of their effectiveness of

reducing the time to extinction. As in Jin et al. (2010) and Brei et al. (2016), we

concentrate on the cost of 5-year term programs, where we here inject two year old

loggerheads raised in captivity in each of the five year intervals. To this end we insert

into our population model with no ordinances the number of 2 year-old small juveniles

loggerheads (stage 2) required to yield the same time to extinction (see Table 7) as under

the scenario of “Ordinances” (245 years), and refer to this as the “Current Ordinances”

program. Similarly, we can compute the cost of the required rearing program to having

the equivalent effect of the maximum effective legislation, i.e., achieving the scenario of

“Ordinances max” (264 years to extinction), and call this the “Maximum Ordinances”

program. Finally we consider the case of remaining at the current level of legal protection,

but raising enough turtles to achieve the population dynamics if ordinances were set at

their maximum level of effectiviness, termed the “Additional Ordinances” program.

Table 8: Replacement Cost (US$ millions)

Current Ordinances Maximum Ordinances Additional Ordinances

FAU NOAA FAU NOAA FAU NOAA

Yearly cost 26,715.3 62,120 130,480.2 303,400 16,686.3 38,800

% of Florida GDP 2.9 6.7 14.1 32.7 1.8 4.2

Notes: (a) Florida 2016 GDP. All monetary values are 2016 $US prices; (b) Florida GDP data comes

from the Bureau of Economic Analysis; (c) Current Ordinances: no ordinances & captivity-rearing

vs. current ordinances; (d) Maximum Ordinances: no ordinances & captivity-rearing vs. ordinances

max.; (e) Additional Ordinances: current ordinances & captivity-rearing vs. ordinances max.

The results for the rearing costs based on the estimates of both the FAU and NOAA

labs are provided in Table 8. As can be seen, regardless of which costing figure we use,

the annual cost of implementing a rearing program instead of using STFL ordinances to

“buy” a postponement of extinction by 22 years (“Current Ordinances”) would arguably

be large, roughly between 26.7 and 62.1 $US billion, or about 2.9 and 6.7% of annual

37$US 418 per turtle and year according to the FAU Marine Laboratory in 2014.
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GDP in Florida, respectively. Moreover, the replacement cost of not setting the legis-

lation at the maximum effectiveness (“Maximum Ordinances”) would be about 5 times

larger. Figures are of considerable magnitude too when we we consider the cost of a

rearing program equivalent to the current level of STFL ordinances (“Additional Ordi-

nances”), implying a replacement cost of between 1.8 and 4.2% of annual GDP.

More generally, the rather large costs associated with the different programs can

mainly be explained by the fact that captivity-rearing programs of sea turtles are known

to be very costly (see, among others, Heppell et al., 1995 or Bell et al., 2005), although

possible economies of scale from larger programs might reduce the cost somewhat. Never-

theless, due to their biological characteristics – in particular, sea turtles are slow-maturing

species – these programs would still require the introduction of a great amount of juveniles

to make any sort of impact.38

6.2 Willingness to pay

A number of investigations have been conducted in the US and in Florida in order to

measure the public WTP for the protection of sea turtles. One group of studies focuses

on WTP at the household level. For instance, considering North Carolina, Whitehead

(1992) estimates an average WTP to prevent loggerheads from becoming extinct of about

$US 54.72 per household and year.39 Assuming a similar figure for Florida then would

imply that Florida households as a whole would in total be willing to pay $US 399.48

million per year.40 Allowing for the presence of an alternative preservation program for

threatened or endangered especies in general (i.e., not only sea turtles), Whitehead (1993)

identified a lower WTP for the protection of loggerheads. Accordingly, each household is

willing to pay $US 18.09 per year, implying a total WTP of $US 132 million per year in

Florida. Wallmo and Lew (2012) examine the WTP of households for the entire US for

a 10-year recovering program of loggerheads, and their results imply a total yearly WTP

in Florida of $US 693.7 million. Finally, specifically for Florida, Hamed (2013) estimates

the WTP for a 5 years protection program of sea turtles’ nesting habitat as ranging from

38For instance, in our simulations, the scenarios “Current Ordinances” and “Maximum Ordinances”
require to free around 31 and 152 million juveniles per year, respectively, and about 19 millions juveniles
per year for the scenario of “Additional Ordinances”.

39Consistently with our estimates of replacement cost, all figures of WTP are expressed in 2016 US
prices.

40As stated by the US Department of Commence (https://www.census.gov/quickfacts/FL), the pop-
ulation of Florida in 2016 is of 20,612,439 residents, comprising 7,300,494 households (average of 2011-
2015).
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$US 22.48 to 29.80 per household per year, suggesting a total WTP of between $US 164

and 217.5 million per year.41

Oceana (2008) follows a different approach by focusing on scuba divers’ WTP for the

greater likelihood of seeing a sea turtle during a dive, and discovers this to be about $US

33.5. Since the average number of dives per year of a scuba diver is 5, the WTP per

diver per year would be $US 167.42. In considering what these figures would mean for

Florida, one should note that according to the Diving Equipment and Marketing Asso-

ciation (DEMA) there are between 2.7 and 3.5 million of “active” scuba divers in the

US,42 while other sources provide a more conservative estimate of about 1.2 millions (see,

for instance, http://undercurrent.org). DEMA also provides data about the number of

newly certificates each year per state, where Florida’s share of these is 9.57%. Using these

figures suggests that the number of active scuba divers in Florida is between 258,390 to

334,495, or, more conservatively, around 114,840. The WTP provided by Oceana (2008)

then implies that yearly WTP in Florida would be between $US 43.28 and 56 million,

with a conservative estimate of $US 19.21 million.

We summarize our WTP calculations in Table 9. Comparing these with the cost

figures in Table 8 one can see that the actual public WTP for the protection of sea

turtles in Florida would not nearly cover the cost of our hypothetical rearing programs.

This is the case even if we consider the highest estimated WTP, where we assume that

all divers are non-Florida residents, so that we can sum the WTP of households implied

by the estimates of Wallmo and Lew (2012) and that of scuba divers as calculated from

the results of Oceana (2008), leading to a total WTP per year of $US 749.7 million.

Considering the least expensive scenario of replacement costs, where enough turtles are

raised to achieve the equivalent of increasing current STFL ordinances to their maximum

level of effectiveness (“Additional Ordinances” in Table 8), public WTP only provides

about 4.5% of the yearly funds needed for a rearing program.

41Hamed (2013) mainly concentrates on sea level rise threat and on two different towns in Florida
(coastal vs. inland locations): Cocoa Beach and Oviedo.

42DEMA is a major non-profit international organization (www.dema.org) to promote recreational
scuba diving and snorkeling industry. It is the main available data source for the number of scuba divers
certificates, collecting information provided by the three main certification agencies (PADI, SDI and
SSI).
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Table 9: Yearly WTP (Willingness To Pay) in Florida

Per household Total # turtles bred # turtles bred

(US$) (US$millions) (FAU) (NOAA)

Whitehead (1992) 54.72 399.48 464,445 199,740

Whitehead (1993) 18.09 132 153,466 66,000

Wallmo and Lew (2012) 95.02 693.7 806,512 346,850

Hamed (2013) 22.48 - 29.80 164 - 217.5 190,670 - 252,871 82,000 - 108,750

Oceana (2008) 33.5 43.28 - 56 50,318 - 65,107 21,640 - 28,000

Oceana (2008)(*) 33.5 19.21 22,334 9,605

Notes: (a) all figures in terms of 2016 US prices; (b) We consider 5-year equivalent protection programs;

(c) WTP per scuba diver in Oceana (2008); (d) (*) Considering the conservative estimate of the number

of active scuba divers; (e) Turtles bred corresponds to 2 year-old loggerhead small juveniles, provided

the rearing costs per turtle based on the estimates of FAU and NOAA labs.

We can also use our population model from Section 5 in order to measure how many

years of reduction in extinction public WTP in Florida could buy. As before, we consider

hypothetical 5-year captivity-rearing programs of loggerheads and use the total yearly

WTP in Table 9 to finance the cost of breeding turtles (2 year-old small juveniles). The

implied number of released turtles per year are reported in the last 2 columns. Table A.4 in

Appendix D provides the corresponding number of extinction years avoided. According to

our simulations, the total WTP in Florida delays loggerheads’ extinction by a maximum

of 2 years. More precisely, if one were to use such funds for captivity-rearing programs

instead of STFL ordinances, at best (i.e., for the highest estimated WTP) extinction

would be delayed by 1 year. If we consider captivity-rearing programs financed by WTP

as a supplement to the current STFL legislation, loggerheads would gain a maximum of

2 extra years. The simulations show a similar delay even if one sets the legislation at its

maximum effectiveness level across beaches together with WTP-financed captive rearing

programs.

7 Concluding remarks

In this paper we investigated the effectiveness of using legislation to protect endangered

species by examining to what extent lighting ordinances have limited the negative im-

pact of light pollution on sea turtles in Florida. To this end we constructed an index of

ordinance effectiveness across counties and combined this with loggerhead nesting data
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and a set of rich controls to create a panel data set covering 26 years. Our econometric

findings showed that legislation can significantly increase nesting activity, where current

legislation results in an additional 34 per cent increase in nests. Using our estimates

within a calibrated population model we also demonstrated that the current legislation

aids sea turtles by extending the number of years to extinction by 22. The findings here

thus arguably suggest that carefully crafted species protection legislation can potentially

be an effective means of wildlife management.

It is important to point out that, as it stands, the level of protection with regard

to beach front lighting appears to be still far from what it could or should be, particu-

larly since sea turtles are believed to be an important point of attraction for tourists in

Florida.43 More precisely, on average counties in Florida have implemented only enough

legislation to be 42 per cent effective, according to our constructed index. While we could

not determine what the cost of implementing further or refining current legislation would

be due to a lack of data in this regard, we were able to calculate the cost of achieving a

similar effect by instead raising sea turtles in captivity to be released in the wild. To this

end our framework indicated that the costs of such an alternative strategy would range

between $US 17 and 39 billion per year, i.e., between 1.8 and 4.2 per cent of Florida’s

GDP. Taking a range of willingness to pay estimates derived from the existing literature

we show that the Florida public is, however, likely to be ready to only finance at most

4.5 per cent of such a program.

Finally, while our results suggest that at face value legislation is probably the lesser

costly policy option than a head starting program, there are number of other cost and

benefit factors that ideally would have been incorporated in our analysis. For one, since

sea turtle lights generally project less luminosity than regular lighting, the loss in tourism

due to the potential drop in beach safety at night during nesting season, or at least the

perception thereof, should ideally be quantified (Witherington and Martin, 1996). There

is also the cost of substituting regular beach front lighting with more sea-turtle friendly

lighting that we were unable to consider due to a lack of data (see Ernest, 2002). In this

regard it should, however, be noted that while sea turtle friendly lighting itself may not

be inexpensive, it is more efficient and thus more energy-saving than regular illumination

43Stokes and Lowe (2013) state that, in 2011, about 11.5 million tourists visited Gulf states for wildlife
viewing, spending 6.5 US$billion. According to Carr et al. (2016) over 500,000 tourists visit annually
the coastal communities in the Southeast of the US to watch sea turtles. Moreover, there are 23 centers
in Florida organizing sea turtles walks, which attract about 10,000 visitors per year.
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and could, as noted by Witherington and Martin (2000) and Barshel et al. (2014), result

in potentially significant reductions in the electricity bill of housing facilities and hotels.44

Again, only further data could resolve this issue.
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Appendices

A Legislation statements

Barshel et al. (2014) identify 17 statements, called “Sea Turtle Friendly Lighting Prin-

ciples Component”, that define favourable conditions for sea turtle nesting. The set

“Implementation Component” considers 9 statements in order to measures to what ex-

tent the ordinance ensures such nesting conditions. We provide below a detailed list of

these statements.

Sea Turtle Friendly Lighting Principles Component (17 items):

1.- Exterior artificial light for existing development must be low lumens.

2.- Exterior artificial light for existing development must be full cut off (ex., no light emitted

above 90 degree angle).

3.- Exterior artificial light for existing development must be downward directed.

4.- Exterior artificial light for existing development must not be visible from the beach.
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5.- Exterior artificial light for existing development must be long wavelength (i.e., 580 nm or

greater).

6.- Exterior artificial light for existing development must be shielded.

7.- Exterior artificial light for new development must be low lumens.

8.- Exterior artificial light for new development must be full cut off (ex., no light emitted above

90 degree angle).

9.- Exterior artificial light for new development must be downward directed.

10.- Exterior artificial light for new development must not be visible from the beach.

11.- Exterior artificial light for existing development must be long wavelength (i.e., 580 nm or

greater).

12.- Exterior artificial light for new development must be shielded.

13.- Artificial light shall not be visible (ex., directly/indirectly/cumulatively) from the beach.

14.- Areas seaward of the frontal dune are not to be directly illuminated.

15.- Areas seaward of the frontal dune are not to be indirectly illuminated.

16.- Areas seaward of the frontal dune are not to be cumulatively illuminated.

17.- The building of campfires or bonfires shall be prohibited during the nesting season.

Implementation Component (9 items):

1.- Is a provision made for a compliance inspection during the nesting season?

2.- Does the ordinance provide for a pre-enforcement warning?

3.- Does the ordinance provide for a notice of violation?

4.- The ordinance establishes civil penalties for non-compliance.

5.- The ordinance establishes criminal penalties for non-compliance.

6.- Are the enforcement penalties incorporated into the ordinance by reference?

7.- Shall each day of any such violation constitute a separate and distinct offense?

8.- Does the ordinance provide for the education of the general public?

9.- Does the ordinance provide for the education of the affected public (ex., those submitting an

application for construction)?

B Stage-based life table

Crowder et al. (1994) set five-stage life history parameters for loggerheads. This is based

on the stage-based life table of Crouse et al. (1987), which is built on data from Frazer

et al. (1983):
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Table A.1: Loggerhead Sea Turtles

Stage Description Stage duration in years (di) Annual survival rate (σi) Annual fecundity (Fi)

1 Eggs/Hatchlings 1 0.6747 0

2 Small juveniles 7 0.75 0

3 Large juveniles 8 0.6758 0

4 Subadults 6 0.7425 0

5 Adults >32 0.8091 76.5

C Matrix L properties

Taking the information in Table A.1, we can compute the eigenvalues of L for the log-

gerheads in Florida. We also provide these values for the modified L when we consider

the effect of coastal ordinances on the annual fecundity:

Table A.2: Eigenvalues

λ1 λ2 λ3 λ4 λ5

No ordinances 0.9281 0.7318+0.2037i 0.7318-0.2037i 0.4744 0.0059

Ordinances 0.9344 0.7328+0.2110i 0.7328-0.2110i 0.4651 0.0069

Ordinances max. 0.9388 0.7336+0.2161i 0.7336-0.2161i 0.4585 0.0076

Since λ1 is the dominant eigenvalue, we calculate the stable stage distribution (11) by

considering the corresponding eigenvector vλ1 :

Table A.3: Long-run Stage Distribution, No Ordinances

vλ1 (vλ1k) Stage Description Distribution (%) x0 (xk0)

0.3028 1 Eggs/Hatchlings 21.72 3159771

0.9432 2 Small juveniles 67.65 9842492

0.1360 3 Large juveniles 9.76 1419475

0.0084 4 Subadults 0.61 88162

0.0037 5 Adults 0.26 38334
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D WTP: extinction years

Table A.4: Number of Extinction Years Avoided

Substitute Complement Complement max.

FAU NOAA FAU NOAA FAU NOAA

Whitehead (1992) < 1 < 1 1 1 1 1

Whitehead (1993) < 1 < 1 1 1 < 1 < 1

Wallmo and Lew (2012) 1 < 1 2 1 2 1

Hamed (2013)l < 1 < 1 1 1 1 < 1

Hamed (2013)u < 1 < 1 1 1 1 < 1

Oceana (2008)l < 1 < 1 < 1 < 1 < 1 < 1

Oceana (2008)u < 1 < 1 1 < 1 < 1 < 1

Oceana (2008)(*) < 1 < 1 < 1 < 1 < 1 < 1

Whitehead (1992)(**) < 1 < 1 1 1 1 1

Whitehead (1993)(**) < 1 < 1 1 1 1 < 1

Wallmo and Lew (2012)(**) 1 < 1 2 1 2 1

Hamed (2013)l(**) < 1 < 1 1 1 1 < 1

Hamed (2013)u(**) < 1 < 1 1 1 1 < 1

Notes: (a) Substitute: captivity-rearing as substitute for current STFL ordinances; (b)

Complement: captivity-rearing as complement to current STFL ordinances; (c) Complement

max: captivity-rearing as complement to max. STFL ordinances; (d) subindex l for WTP

lower bound; (e) subindex u for WTP upper bound; (f) (*) Considering the conservative

estimate of the number of active scuba divers; (g) (**) WTP of households + WTP of scuba

divers in Oceana (2008).
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