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Occurrence, Distribution, Nesting Incidence, Habitat Connectivity, and
Fisherylnteraction of Marine Turtles in the Philippines Based on Tagging and

Field Reports Data from 1986 to 2015

Wildlife Resource®ivision, Biodiversity Management Bureau,
Department of Environment and Natural Resosyce
Ninoy Aquino Parks and Wildlife Center, Diliman, 1100 Quezon City Philippines

Abstract

Thisanalysis of marine turtle tagging data and field repatdlected over 30 years e
Department of Ewmironment and Natural Resource@©ENR shows the occurrence,
distribution, nesting incidence, habitat connectivity, and fishery interaction incidehtse
green turtle Chelonia mydgs hawksbill turtle Eretmochelys imbricajaolive ridley turtle
(Lepidochelys olivacgaleatherback turtle Dermochelys coriacgaand loggerhead turtle
(Caretta caretta in the Philippines. While the Turtle Islandildlife Sanctuary (TIWS) is
considered the top nesting ground for green turtles in the country,other sites were
identified as priority nesting areas based on the numbenestingincidents and years with
incidents.Relatively high concentratianof nestings for hawksbill turtiewere identified in
seven siteswhile two sites were identified as nesting sités olive ridley turtles. All five
species of marine turtlelsad records of fishery interactiomith green turtlesbeing themost
frequentlycaught followed by hawksbill turtls. Among the gears reported, most turtles were
caughtwith fishing nets Majority of greenturtles were caught in the waters of Palawan
province while hawksbill and olive ridley turtles were most frequently caught in Bataan and
Batangas province, respectiveli dispersal pattern sugsts movement of thalifferent
specieswithin the Philippinedased on tag recoveriesodel residual valuefor norn-nesting
encounters on a gridded magmtentially showimportant aggregation sites falaggedgreen
turtles in other parts of the Philippines aftaresting in the TIWSRecommendations on
research and management to better understaamd conserveéhe marineturtle resources in
the Philippineare provided.
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1. Introduction

The Philippines is an archipelago with 7,641 islahgigregular coastline totals 36,289 km in
length and the sea areds at 2,330,000 krfy includingli K S O 2 dzyeét iEitory, the’ S &
Philippine Rise. The Philippines is divided into six marine biogeographical regions based on the
biophysical attributes of its coral reefs and coral communitieses, 2016)Aside from reefs

and coral communities, coastal areas are also lined with sandycky beaches, mangrove
forests, seagrass beds, tidal flats, estuaries, and wetlands.

The diversity of coastal and marine habitats in the Philippines provides a variety of habitats
for marine life. The Philipping, being part of the Coral Triangtegether with five other
countries, is known to harbor the highest diversity in marine organisms in the \(Rdds,
2016) However, it is also a hotspot, where threats, mostly from human activities, are causing
declines to marine life populations.

One of the groups of marine wildlifbat has received major conservation concern are marine
turtles. Of the seven species of marine turtles found in the oceans worldwide, five of these
have been recorded in multiple sites in the Philippines, namely: green tQtielgnia mydas
hawksbill turtle Eretmochelys imbricaja olive ridley turtle I(epidochelys olivacga
loggerhead turtle Caretta carettd, and leatherback turtlelYermochelys coriacgarhey have
been a subjecof protection and conservation ithe Philippine since the 1940s.

The islands of the Philippine archipelago, are ideal for the nesting habitats of marine turtles
that require sandy beaches in warm climai@darquez M., 1990)Nesting is performed on
sandy beaches above the high tide mark in isolated islasdsedl as in thenainland of the
Philippines(Cruz R. , 20025ince all five species are circumtropical in distribution, many of
them are closely associated with habitats that are found in the Philippines, such as coral reef
habitats(Dam & Diez, 1996; Quimpo, 20E3)d seagrass bed&aguet, et al., 2006; Quimpo,
2013) especially for green and hawksbill turtl@ePhilippine wateralsoserve as migratory
routes for the more pelagic leatherback and olive ridley turd©AA, 2014; NOAA, 2016;
NOAA, 2017)

Based on Department of Environment and Natural Resources (DENR) Administrative Order
(DAO) No. 15 of 2004, four of the marine turtle species found are classified in the country as
Endangered, with the hawksbill turtle classified as CritidatigangeredThe Turtle Islands
Wildlife Sanctuary (TIWS) in Taldwi has been recognized to have the largest and most
important green turtle rookery in the counti§frono, 1991)It was declared a Protected Area
under the National Integrated Protected Area System (NIPAS) in 1999 through Presidential
Proclamation No. 171.

International and national laws such as the Conventiohnternational Traden Endangered
Speciesof Wild Fauna and FloréCITES) and the Wildlife Resources Conservation and
Protection Act of 2001 (R.A. 9147) have prohibited trade, directed catch, and consumption of
marine turtles, butpoaching remains a major threat as there is still demand for turtle meat



and eggs, some for local consumption but most for clomsler trading. Additionally, the
carapaces and whole animals are illegally exported.

Another threat to marine turtles is habitat degradation. Nesting beaches throughout the
country are declining due to increasing disturbamfé®m human activities such as coastal
development, both industrial and recreational, which have increased over the last two
decades. Disturbansesuch as light and noise pollution, unregulated marine turtle tourism
interaction, boat traffic and improper nesting beach and hatchery management are not
sufficiently addressedMoreover, other coastal habitats such as seagraand coral
communities, important for feeding and development, are degraded due to unsustainable and
destructive fishing methods, sedimentatiocsnd runoff. Marinedebris, consisting mainly of
plastic trash and discarded fishing nets, has been pointed out as a cause to entanglement,
strandings, and deaths. The effects of chemical pollutants on marine turtles in the Philippines
have not been assessed.

Negative impacts of climate change, such as sea level rise and erosion due to monsoons and
typhoons, will most likely become a much larger threat in the near future. As sea levels rise,
nesting beaches are threatened by inundation. Warming climates and@lsd to influence

the sex ratio of the hatchlings as higher temperatures result in more female hatchlings or even
in the death of unhatched turtles due to the increased sand temperat(fekerman, 1997)

To address these threats, information on marine turtles are necessary to develop and
implement scientificaljpased conservation programs. However, literature review shows that
there is a lack of information and publications available on marine turtles in the Philippines.
There are some publications and research papers on green, hawksbill, and leatherback turtles
but none thatfocus solely on olive ridley turtles and loggerhead turtles.

Sincel983, theDENR has beeavllecting records of marine turtles in the Turtle Islands and
subsequently to the rest of the country. This included tag data, fishery interactaoms
stranding reportsamong others

CKS 59bwQa YIFI22N) NBaSlINOK 2y nastesiXagdng is dzNIi £ S &
research method where prescribed metal tags are attached on the flippers of marine turtles

as a means of identifying individuals. Information on the population size, reproductive biology,
movements, stranding, and growth rates are some & garameters that could be derived

from tagging based on tag recoveries or-emcounters. Inconel tags inscribed with
numbers/and or letters (e.g., PHO663E) are used and sourcedromyDENR offices.

However, due to various reasons, such as limited personnel and fundingtelongand
consistent monitoring of marine turtle nestingthe tagging program was not implemented
optimally. Specific problems included inconsistent data collection and management, lack of a
point person to analyze these data, changes in leadership, and implementation without a
definedresearch question. So far, the data collected for more than 30 years have not been
completely analyzed and therefore, a comprehensive report isyabavailable.



The main objective of this report is to identify trends that will improve timelerstanding 6
marine turtles and advance their conservation and protection in the country through the
analysis of the marine turtle data from the tagging research and field office monitoring
programs of the DENR from 1986 to 2015. It was intended to produce a Ptelipganne
turtle status report, but the data input was unable to provide this because of limitations which
are further explained in the next chapter.

Nevertheless, the report provides, for the first time, valuable insights into the occurrence,
distribution, nesting incidence, habitat connectivity, and fishery interaction of Philippine
marine turtles. It also shows past research initiatives and the gatkaof acquiring a more
comprehensive dataset and information on marine turtles in future research for the
improvement of their conservation in the Philippines.

2. Methods

2.1. DataSources
The data used for this studyasderived from a tagging research program of DENR
which started in 1983, and initially was concentrated in the Turtle Islands. This activity
was then expanded to the differemtdministrativeregions of the Philippines in 1989.
This enabledDENRto properly document marine turtle incidents throughout the
country. The documentation and reporting were done by wardens in protected areas
as well as field action officers from the regions.

Data used for this study were limited the time periods 0fl986:2015 for the TIWS
(30 years) anaf 19962015 (20 years) for the rest of the country. This is due to the
large information and monitoring gaps before 1986 for the TIWSthaadjapsbefore
1996 for the rest of the countryhecut-off period of the analysis wdke end 0f2015

until thenthe DENRhad accumulated 51,001 useable data entries for marine turtles.
Data for 2016 and onwards were not usedlas data from the field weréncomplete

as most entries have not reached the central officgset, where the data are
consolidated and saved.

Based on the data available, it appedthat a coherent and efficient filing protocol
wasmissing.There were also several changes in research strategies, data fanahs,
report validation methods. Moreover, there were different field personnel, as well as
encoders who handled the data throughout the years. This caused some data loss
incoherenceand duplication among the electronic files managediBNR

The data used for this study consisted of multiple Microsoft Excel sheets with data
entriesfrom tagging recordthat were manually encoded bR ENRrom paper records.

The data wereencoded over a period of 33 years (1983 to 2016), which, in combination
with ambiguities in the encoding protocol, resulted in multiple Microsoft Excel sheets
with different formats, column headings, terminologies, and codes. These files were
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consolidated and transformed for use in the Python Programming Langoageer
to create a proper database for analysis.

The TIWS data were analyzed separately from the rest of the country as the number of
records totaling to 39,474 represen®?% of the reports which would skew the
results.

Data Limitations

The quality of the results in this report is highly dependent on the quality of the data
used. It should be noted that only valid data in sufficient quantity which can be
analyzed statistically was uséat this report It therefore looks into the larger trends
over the years, rather than specific cases. During the course of the analysisber

of problems were encounteresuch as:

Data sourcesThe data originatesprimarily fromthe tagging dataand Field Action
Office Reportsubmitted tothe DENFBiodiversityManagemenBureau (BMBentral
office. This report does not include dateom some DENR Regional Offices, other
agenciessuch asacadenic, nongovernmental organizations (NGOa)d research
institutionsthat were not submitted officially to th®@ ENRBMRB This report does also

not include an analysis of data from hatchery management programs, including egg
production, as wellas reports of marine turtles with Philippine tags that were
recaptured outside of the country.

Inconsistentsampling effortand biasesThe data in this report is entirely based on
tagged turtles, which means that trends may differ when the whole population is
considered. This is an attempt to put the collected data to good use and provide
neverthelessvaluable insightsThenationwide tagging of marine turtles was rather
opportunistic thanaregular or fixed sampling effort (temporal and spati@herefore,
some Regional Offices of the DENR appear to have beme consistent in reporting
than others.Therewere also someyearswhere only alimited number ofturtles were
tagged due taa lack of personnel to go to tHeeld or the unavailability otags. This
means that the number of records cannot be used to reflect the abundance of marine
turtles in the countryln addition, his study relied heavily on tagged turtles that are
mostly nesterg65.7% of the data). The remaining tagged turtles were either caught
during fishing activitiesother norrnesting activities, and unknowns

Nonstandardized data collectioffhere were several changes in the data skeser

three decadeswhich resulted in varying information gathered. Aladot of the data

were cleaned ugsee ChapteR.3) due to the different terms and measures used in
the data sheetsMoreover, ®me information was not specific enougind have been
reported in only a consolidated formn example is that the fishery interaction reports
were not specific enough as to the fishing gear involved. Also, there are inaccuracies
in the location of the marine turtle incidents because mustles that were caught
during fishing were transferred to a different location for documentation betbesr

4
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release. This resulted ia lack ofa direct link between the species and the exact
location of their habitats. The research mettsoderesometimes flawed, an example

of which was using Malaysian tags in the country when Philippine tags were
unavailable or certain private institutions using their own tags instead of official ones
from the government.

Recording mistakedhis is probably the most avoidable afrdquent mistake The
errors showed the need to improve on the system of collecting, reporting, and storing
of dataand require better training in e.g. species identification addivity of the
individual when it was observeas therewere numerous mistakes. It was also difficult
to verify the® records especially when there were no photographs and wthen
records were decadesld. It is also possible that these mistakes were made during
encoding.The complex reporting system within the DEBdRIed toeither the loss or
alteration of data.

Voluminous dataThe difficulty in analyzing voluminous data spanning several decades
was addressed by focusing on trends and patterns derived from a database system
developed for this report. It is impossible to ensure that all the errors present in the
database have be¥filtered out. Individual turtles were largely not emphasized, as the
results were only relevant when several of the records showed a trend or pattern,
which helped in rendering therrorsmore insignificant.

Datadearup

Data duplication occurred during encoding because several encoders worked on the
same files from multiple sourceshich were all merged into one file. Therefore, the
resulting dataset needed cleaning up before analysis was done.

A manual process of data cleanup, using Microsoft Excel formula and ssaich
replace operationsyasdone to standardize the names, categories, and codes in those
columns and provide the appropriate location entries. Multiple feedback sessions were
organized with DENBMB to validate this process.

After the manual cleanup, an automated cleanup process was applied using the
following steps:

1. invalidating records with badly formatted values,
2. invalidating records with unrealistic values,
3. geolocating record entries,
4. de-duplicating the data, and
5. identifying individual marine turtles from their tag information.
These were done using tigython Programming Languagine Python Data Analysis

Library (pandas) the Jupyter NotebookFramework and PostgreSQL Relational
Database Management System with the PostGIS extension.



When needed, only the individual values in the data entry were invalidated by
eliminating a specific value for the specific records, thus no full record entry was
completely eliminatedFor the analyses, only the invalidated vaki®or the record

were disregarded. For example, data concerning time series did not use records with
invalid dates. But if that same data contained a valid species and sex, the record was
still included in species/sex analyses but niid take the date into account.

2.3.1. InvalidatingRecords withBadlyFormatted Values
Invalid records are those that did not adhere to formatting in any "normal”
system. Examples include date values that could not be interpreted by the
pandasto date time function (because of extra text, missing years or months,
etc.), numeric values with text in them, time values that contained text or
missing hours or minutes, and tag numbers that did not contain a valid
combination of prefix, numbeand suffix

2.3.2. InvalidatingRecords withUnrealisticValues
Records that contained a value that was correctly formatted but nonetheless
had an unrealistic/invalid value were also invalidated. This included unrealistic
sizes, like Curved Carapace Length (CCL) and Curved Carapace Width (CCW) <5
cm and >25@&m (juveniles less than 40 cm were supposedly not tagged), tag
numbers where the prefix code was either absent, or if present, rtid
correspond toa code that was known to be used by DENR or surrounding
countries (P, A, C, F, |, E, F, H, D, B, G, J, ARMM, PARNMYE, MY, MLYS,
PH, RP, FA, AO) and coordinates that were well outside of Southeast Asia.

2.3.3. GeolocatingRecords
About 80% of the records contained valid latitude/longitude values for the
encounter.For the remaining 20%, the latitude/longitude values were derived
from the barangay, municipalityand province fields in the dataset. Using the
Python Fuzzywuzzy Libraifyese names were matched against a database with
geometry information of barangays and municipalities in the Philippines
(PhilGIS, 2011As the point location for these encounters, the midpoint of the
coastline of the respective barangay or municipality was chosen. If the
barangay coulahot be located which wasusually due to spelling differences,
but a municipalitywas then the municipality was used as the location.

2.3.4. DeDuplicating of theData
In total, 94,892 records were provid@dmultipleMicrosoft Excel sheets. Visual
inspection already revealed a large number of duplicate records. Later, when
additional data was provided to fill in some temporal gaps in the data, large
amounts of additional duplicates wereticedin the dataset.

Deduplication was done by determining which data sets had identical column
entries. When all values in these columns were identical, the two or more
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records were deemed the samA.number of records that were eliminated as
duplicateswere selected and visually inspected if they were indeed duplicates.

A new column was added to each record which specified all records that were
deemed to be duplicates. This allowed eliminated duplicates to be traced back

to the row they were a duplicate oT he first entry of all duplicates was used

for analysis. Using this method, the following list for columns was used for de
duplication: 'Barangay’, 'Municipality’, 'Ba Encountered’, 'Time’, 'Species’,

'Sex’, 'CCL cm', 'CCW cm’, 'Right Tag #', 'Left Tag #','Left Tag #.1', 'Right Tag
#.1''Left Tag #.2'and 'Right Tag #.2". This led to the elimination of 43,891
duplicate rows leaving 51,001 rowsablefor analysis.

Individual Marine Turtle Identification

After invalidating incorrect tags, unique individual marine turtles were
identified in the dataset using the tag numbers. This method was used to
compensate for tagosses and badly encoded tag codes such as left and right
tags that had been swapped or gnbne tag was recorded, among others.
Marine turtles were assumed to be the same individual if they shared at least
one tag in the records, without taking into account whether the tag was fitted
on the right or left flipper. Also, the species and sex @f tarine turtle were

not taken into account because there were clear examples of misidentified
species and sex in the dataset, e.g. nesting turtle identified as male.

This was done in a recursive manner, so even marine turtles that were first
encountered with Tags A and B, then with B and C, and a third time with C and
D were still deemed to be the same marine turtle, even if the last and first
encounter didnot share any common tags anymore. Out of the total of 51,001
data entries, 38,767 had a valid left and/or right tag, with 70,350 tags
encountered in totacombiningthe left and right flippersT{ablel).

Tablel. Summary of tagging data for all species of marine turtle from 1986 t0.2015

Description Number of Incidents
Totaltaggingrecords 38,767
Total tagdngrecords fromthe Turtle IslandsWildlife Sanctuary 29,896
Totaltaggingrecords outside ofhe Turtle Islands Wildlife

8,268
Sanctuary
Totaltaggingrecordsoriginating froma y' S & turklgs 3 ¢ 26,704
Totaltaggingrecordsoriginating fromd y 3/y5 & Gikdiyiduals, 12,063

including unknownndividuals

2.4. Initial Data Exploration

The dataset that was collectefdom the DENFBMB, although comprehensiyevas
lacking consistencyrhusan initial data exploration had to be conducted to determine
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what data can be used to analyze the distribution of the encounters per species, sex,
encounter type, activity, and location through a time series. To be able to interpret the
results better, the records over time were visualized, anschié of measure was made

up for the sampling effort by determining the number of days that encounters were
reported per year. For encounters of type "Fishery Interactiti® fishing gear in use

at the specific encounter from the "Activity" column and the condition in witineh
marine turtle was encountered were identified.

The analysis focused on nesting and fishery interaction records because other
parameters did not provide any significant tresad

Nesting Site Identification and Fishery Interaction Assessment

To determine nesting sites and fishery interaction sites for the different marine turtle
species, the records that were uskdd tohave a valid location (point geometry), date
and specieswith i KS G@LIS 2F | O0AGAGEIT bredrdedmy 3 b
the "Encounter" field Using this point data, Kernel Density Estima(idDE (Sheather

& Jones, 1991yas used to identify areas with high incidence of nesting encounters
within a time frame of ten years, starting from the year 198@105for the TIWS and

1996 to 2015 for nofTIWS. The KDE was done with the Grass GIS using the v.kernel
function. A kernel radius of 0.2° (~&2n) was used (0.1° and ~XKn for fishery
assessment) for the whole country, excluding the TIWS, where the spatial accuracy of
the data was much higher. The KDE results in a raster image with a resolution of each
cell of 0.001° x 0.0 (~0.1Zm x 0.12km) for the whole country.

In the TIWS, a radius of 0.09° (Kt was used. The KDE results in a raster image with
a resolution of each cell of 0.0001° x 0.0001° (~0.01 km x 0.01 km).

Using the r.mapcalc function, cells containing zero nesting encounters were
eliminated. Subsequently, the cells were divided into six groups and categorized
according to the resulting KDE numbers using histogram equalization of the r.colors
function of Gras GIS. The categories were chosen so they represented six quantiles
with equal numbers of cells per category based on the KDE of the nesting encounters.
The grid cells that were in the one of the largest three categories were determined to
be important nesting sites and using the Grass GIS r.to.vect funetiene turned into
polygons for these nesting sites per species for two decades.

Nesting Site Prioritization

To highlight the important sites with high nesting incidence, the nesting sites were
categorizednto Low, Medium and Highpriority categories based on two criteria: the
number of years with nesting incidents and the number of nesting incidents over a
period.

PostgreSQL with the PostGIS extensi@s used using the SQL query language. All
previously established nesting sites were combined with the point data for marine
turtle nesting incidents. For each nesting site, period, and species, the natural
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logarithm of the years with incidents and the number of incidents were used to
normalize the dataset. Subsequently, all sites were divided into the three categories
with equal intervals between the minimum and maximum number of incidents and
years with inaents. This resulted in all nesting sites being classified intova
Medium or High priority category for number ohestingincidents Table 2) and
Sporadi¢gOccasionalandFrequentfor years withnestingincidents Table3). As with

the nesting site identification, data from the TIWS was not taken into account in the
category a alculatiore to prevent it from skewing the resultsThe tables below
summarize the range of number péstingincidents and years with incidents for green
turtles, olive ridley turtles, and hawksbill turtle.

Table2. Range of number of nesting incidents per category for green, hawksbilblive ridley turtles outside of the Turtle
Islands Wildlife Sanctuary (19@015)

Category | Green turtle incidents | Hawksbill turtle incidents| Olive ridley turtle incidents
Low 1-7 1-2 1-7
Moderate 8-56 3-8 8-55
High More than 56 More than 8 More than 55

Table3. Range of years with nesting incidents per category for the green, hawdstiblive ridley turtles outside of the

Turtle Islands Wildlife Sanctuary (1998015)

Number of years with Number years with Number of years with
Category green turtle nesting hawksbill turtle nesting | olive ridley turtle nesting
incidents incidents incidents
Sporadic 1.00-2.14 1.00-2.3 1.00
Occasional 2.15¢ 3.00 2.40¢5.00 2.00¢ 3.00
Frequent 4.000r more 6.000r more 4.000r more

2.7.

Therefore, a site is an aggregation of points with multiple nesting incidents,
encompassing one or several municipalities depending on the distribution of nestings
along a stretch of coastline, be it contiguous or not.

Nesting sites that were classifiedldighin either the number of incidents or the years
with incidents of nesting were identified as high priority nesting sites for that species.

Provinces with high priority nesting sites were determined similarly. However, before
any calculations were made, sites that spanned multiple provinces were split up per
province using an intersection algorithm. Subsequently, all sites derived this way wer
grouped by province before determininthe number of incidents and years with
incidents values. All subsequent calculations and classifications were identical to the
nesting site prioritization.

Size Distribution

For the size distribution maps, the same methodology was used as for the nesting site
identification: KDE with the same parametef®dius), dividd into six quantiles
(categories)seleced the top three categoriesand turned that into a polygon (site).
Sites are separately created for adults and -adlolts/juveniles using a general size



range for each of the different specie$aple4). The juveniles and sufidults size
classes were grouped together as the size range usdte analysigor each species
overlapped.This was then plotted into a map. Colors are made to "blend" together if
juveniles/subadult and adult sites overlap so that each site is basically a concentration

of "a lot of" subadult or adult encounters for that species.

Table4. Size ranges of different age groups among different species

Age Group

Size Ranges for
Green Turtle

Size Ranges for
Hawksbill Turtle

Size Ranges for
Olive Ridley Turtle

Juvenile/Subadult

40¢ 80 cm

35¢70cm

30¢60cm

Adult

More than 80 cm

More than 70 cm

More than 60 cm

2.8. Habitat Connectivity

To determine connectivity between the nesting habitat and other habitats (feeding,
breeding or migration corridor), for each species and time period, identified nesting
sites were connected to nenesting sites based on the number of identified unique
marine turtles thatwerereported in two separate sites which are at least ké@apart.

The nonnesting sites were identified in the same manner as the nesting sites, using
KDE, but by selecting all records where the "Encounter” field did not have the value
"Nesting".A connection was made in a map between sites where at least one marine
turtle was encountered in both sites. These connections were displayed on a map, and
the lines were assigned colors based on the number of marine turtles that were
encountered in bothiges.

Quadrat analysis was used to test the dispersion of green turtles nesting in the TIWS.
Non-nesting encounters of marine turtles at least 0@ away from where they were
LINS@A2dzat & GF33ISR Ay GKS ¢L2{ YR ARSY{A
patterns can be observed, this would suggest movement of these marine turtles, and

thus habitat connectivity.

Initially, a quadrat analysis was done where the Philippines was divided into a regular
grid of 0.1° (~1km) but only including the grid cells that covered the coastlines. In
these grid cells, the number of naresting encounters with marine turtles identified

to have nested in the TIWSasacounted. The variance/mean ratio (VMR) of these grid
cells was calculated. A VMR<1 suggests that the encounters are evenly distributed
across the coastlines of the Philippines. A VMR ~1 suggests the encounters are
randomly distributed and a VMR>1 suggests there is a level of clustering of the
encounters(Rogerson, 2001)

To do the quadrat analysis, a regular grid was prepared in Grass GIS for the Philippines

with a cell size of 0.1°. By making use of the OpenStreetMap coastline data, only grid
OStfa oSNB AyOfdzZRSR GKIG O20SNBRAGIAKRAEA L
ey O2dzy i SNE 6 SNBE NBO2NRSRy Slati2ay=a ¢ G KSS/ O 22y & &
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selected by querying the database from PostgreSQL /PostGIS. In Grass GIS, the point
data were aggregated into the prepared grid cells from which the number of
encounters was counted.

This grid data wasthen loaded into R using thgrass7 packagewhere the VMR was
calculated. Subsequently theo statistic was used to test if the VMR significantly
deviated from VMR=1 (random distribution of the points).

Linear regression was used in R to analyze the relationship between the distance of the
ySalidAy3ad INRPdzyRaULYRIGEKSYOFHAzy SN aA0GS o

3. Results

3.1. Datalummary

A total of 51,001 records were used in the analysis which can be broken down into the
following types of encounters Tableb).

Table5. List of types of encounters of marine turtles in the dataset.

Encounter Type Number of incidents Percentage

Fishery interaction 2,893 5.7%
Rodeo capture for tagging 72 0.1%
Nonfishery/nornesting 4 0.0%
Stranding 50 0.1%
Nesting(TIWS) 31,688 62.13%0
Nesting (NoATIWS) 1,822 3.57%
Captive 217 0.4%
Boat strike 1 0.0%
Hatchlings 63 0.1%
In-water (live sighting at sea) 1,350 2.6%
Unknown 12,841 25.2%
Total 51,001 100.00%

The total numbes of nesting incidents for eaaiarine turtlespecies outside the TIWS
are as follows: green turtkeat 1,018, hawksbill turtleat 219, olive ridley turtle at
579, leatherback turtlsat two, and loggerhead turteat 12, with 154 unknowns. A
full list of provinces ananunicipalities where marine turtles were recorded to have

nested in the Philippines is presentedAppendix 1 List of Municipalities and Provinces
with Marine Turtle Nesting Incidents

3.2. Number of Nesting Incidents and Years with Incidents
Marine turtles lay their eggs on beaches, one of the few times in theicyiéée they
do not spendn the water, making nesting beaches significant habitats for reproductive
marine turtles. Exhibiting high site fidelity, marine turtles return to their nesting

11



beaches upon sexual maturity and have been recorded to return regularly to the same
nesting aread D | NJRndmde, 1999; Dobbs, J.D., Limpus, & Landry, 1999)

Three species of marine turtles were tagged and reported to nest in 239&eing

60 provinces in the Philippines. Each site may be a single municipality with a long coast
with numerous nesting incidents or a group of small municipalities whose nestings
occur in close proximity which was aggregated into one $iethe total of 1,984
nesting incidents, green turtle nesting encounters comprised 51.3%, olive ridley turtle
29.2%, hawksbill turtle 11%, loggerhead turtle 0.6%, leatherback turtle,Gatheo
unknown 7.8%Figurel). The loggerhead and leatherback turtles nesting records are
guestionable and cannot be validated.

0.10%
0.60%!

= Green turtle

= Olive ridley turtle

= Hawksbill turtle
Loggerhead turtle

= Leatherback turtle

= Unknown

Figurel. Tagged rarine turtle nesting incidents in the Philippines outside the
Turtle Islands Wildlife Sanctuary from 198@15.
3.2.1. Green TurtleNesting Incidents
Green turtle nesting incidents were reported in 136 sitesvering 428
municipalities in 60 provinces, excluding the TIWS. The highest nesting
incidence was in BongdmnguyarPanglima Sugal8apasapaTandubas site
of TawiTawi (421 nesting incidents), Dimatak¥@cenzo Sagun site of
Zamboanga del Sur (105 simg incidents), and Abuc&ubic of
Bataan/Zambales province (77 nesting incidents). In terms of nesting incidence,
only seven sites were classified as High, 20 Moderate, and 114 site§able
6).

Table6. List of sites with high and medium nber of nesting incidents for taggegteen turtles outside the Turtle Islands
Wildlife Sanctuary.

Provinces Municipalities Number of Nesting| Category
Incidents
TawiTawi Bongao, Languyan, Panglima Sugala 421 High
SapaSapa, Tandubas
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Zamboanga del Sur | Dimataling, PitogoyincenzoA. Sagun 105 High
Bataan Bagac, Mariveledflorong 77 High
Albay Bacacay, Tabaco City, Legazpi City, 74 High
Sorsogon RapuRapu, Malinao, Manito, Pio
Camarines Sur Duran, Tiwi, Casiguran, Castilla,

Sorsogn City, Donsol, Gubat, Pilar,

Prieto DiazSagnay
Misamis Oriental Alubijid, Cagayan de Oro City, El 69 High
Agusan del Norte Salvador City, Gingoog City, Jasaan,
Camiguin Lagonglong, Magsaysay, Medina, Op

Salay,Tagoloan,Talisayan, Villanueva

BuenavistaButuanCity, Cabadbaran

City,Nasipit Guinsiliban, Mahinog,

Mambajao
Palawan Balabac 65 High
Palawan Narra, QuezonSofronio Espanola 57 High
Occidental Mindoro | Calintaan 43 Moderate
NCR Manila, NavotasMalabon 28 Moderate
Maguindanao Parang 25 Moderate
Occidental Mindoro | Sablayan 22 Moderate
Oriental Mindoro Bansud, GloridRPola 22 Moderate
Palawan Kalayaan 21 Moderate
Marinduque Boac, Buenavista, Gasan 20 Moderate

One hundred eleveril(1) of the siteshadsporadicnestingincidents, with only

a single nesting over the last two decad8sventeen7) sites hadoccasional

nestings, where nestings occurred over a two to thrgear period from 1996

to 2015, while 15 sitebad frequentnesting,asnesting occurred consistently
for more than four yearsTable 7.

Table7. List of sites with frequent aratcasionalears with nesting incidents feteiggedgreen turtlesoutside the Turtle
Islands Wildlife Sanctuary.

Number of
. . rs with
Provinces Municipalities yea S.Wlt Category
nesting
incidents
Occidental Mindoro | Calintaan, Rizagablayan 17 Frequent
Agusan del Norte Alubijid, Balingasag, Balingoan, Baungon 9 Frequent

Binuangan, Buenavista, Butuan City,
Cabadbaran Cityzagayame Oro City,
Carmen, Catarmarkl Salvador City,
Gingoog City, Guinsiliban, Jasaan,
Kinoguitan, Lagonglong, Laguindingan,
Libona, Magallanes, Magsaysay, Mahinog
Malitbog, Mambajao, Manolo Fortich,
Medina, Nasipit, Opol, Sagay, Salay,

Camiguin

Misamis Oriental
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Number of
. C rs with
Provinces Municipalities yea S.W't Category
nesting
incidents
Sugbongcogon, Tagoloan, Talisayan,
Villanueva
Palawan Aboralan,Puerto Princesa 9 Frequent
Bataan Abucay, Bagac, Balanga City, Hermosa, 8 Frequent
Limay, Mariveles, Morong, Olongapo City
Orani, Orion, Pilar, Samal, San Antonio,
Zambales Subic
Bulacan Bulacan, Cainta, Cavite Citas Hias, 8 Frequent
Manila, Navotas, Obando, Pdfaque, Pasa
Cavite . a diaq )
City, Valenzuela
Metropolitan Manila
Catanduanes Baras, Bato, San Andres, San Migdiehc 8 Frequent
Romblon Alcantara, Ferrol, Looc, Odiongan, San 8 Frequent
Agustin, San Andres, Sta Bega Maria
Negros Occidental Cauayan, Hinoban, Sipalay City 8 Frequent
Albay Bacacay, Barcelona, Buhi, Buhi Lake, 7 Frequent
c _ S Casiguran, Castilla, Donsol, GBabat,
amarines sur Juban, Legazpi City, Malilipot, Malinao,
Sorsogon Manito, Pilar, Pio Duran, Prieto Diaz, Rap
Rapu, Sagnay, San Jose, Santo Domingqg
Sorsogon City, Tabaco City, Tigaon, Tiwi
La Union Aringay, Bacnotan, Bauang, Caba, Nagui 7 Frequent
San Fernado Citpgan Gabrie§an Juan
TawiTawi Bongao, Languyan, Panliraagala, Sap 6 Frequent
sapa,Tandubas
Palawan Aborlan, Narra, Quezosofrono Espanola 6 Frequent
Marinduque Boac, Buenavista, Gas&nogpog 5 Frequent
Oriental Mindoro Baco,Calapan City 5 Frequent
Zamboanga del Sur | Dimataling, Dinas, Margosatubig, Pitogo, 4 Occasiong
TabinaVicenzo A. Sagun |

Figure2 and Figure3 show the location of green turtle nesting sites across the

Philippines outside ahe TIWS
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Green Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015

Number of nesting incidents
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Figure2. Individual nesting incidents ¢dggedgreen turtles in the Philippines outside the Turtle Islands Wildlife Sanctuary.
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Years with Green Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figure3. Years withtaggedgreenturtle nesting incidents in the Philippines outside the Turtle Islands Wildlife Sanctuary.
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3.2.2. Hawksbill Turtle Nesting Incidents
Hawksbill turtle nesting incidents were reported in 71 sites covering 175
municipalities from 32 provinces, excluding the TIVM& highest aggregation
is located in the combined municipalities from Binuangéagsaysay of
Misamis Oriental, CarmeBuenavista of Agusan del Norte, and (25 nestings),
followed by the sites in BodBuenavistaGasanMogpog of Marinduque
Province (16 nestigs), and Balabac, Palawan (11 nestings). In terms of nesting
incidence, five sites were classified as High, 14 as Moderate52aras Low
(Table8).

Table8. List of sites with high and medium nben of nesting incidents for taggdwwksbill turtlesoutside the Turtle
Islands Wildlife Sanctuary.

Number of
Provinces Municipalities Nesting Category
Incidence

Agusan deNorte BuenavistaCarmen
Misamis Oriental Gingoog City, Magsaysay, Medina, 25 High
Camiguin uinaliban, Miahinog. Viambayasagay
Marinduque Boac,Gasan 16 High
Palawan Balabac 11 High
Surigao del Sur Hinatuan 11 High
Oriental Mindoro Pola 9 High
Albay Bacacay, Malinad,abaco City 7 Moderate
Metro Manila Manila 7 Moderate
Sorsogon Prieto DiazSorsogon City 7 Moderate
AT OIS cavator iy, dwanan, Tagoaitanaeva | © | Moderate
Occidental Mindoro | Sablayan 6 Moderate
Negros Occidental CauayanSipalay City 5 Moderate
Davao del Sur Davao City Moderate
Davao del Norte Samal City °
Siquijor Enrique Villanueva, Larerdan Juan 5 Moderate
Bataan Bagac 5 Moderate
Palawan Cuyo 4 Moderate
Palawan Roxas 4 Moderate

17



Palawan Puerto Princesa City 3 Moderate

Palawan Quezon 3 Moderate

Masbate Mobo-Uson 3 Moderate

Two siteshad frequent nesting, eight sitesccasionalnesting, and 61 sites
sporadic nesting Table 9). The provinces of Misamis Oriental, Agusan Del
Norte, and Camiguin have the highesimbinedyearoccurrence of nesting for
hawksbill turtles.

Figure4 and Figure5 showthe location ofhawskbillturtle nesting sites across
the Philippines outside of the TIWS.

Table9. List of sites with frequent aratcasionalears with nesting incidents for taggdthwksbill turtles outside the Turtle
Islands Wildlife Sanctuary.

Number
of years
Provinces Municipalities with Category
nesting
incidents
Agusan del Norte Balingoan, Bllnuangan., Buen.aw.s.ta, Car.men,.
Catarman, Gingoog City, Guinsiliban, Kinoguitan
Camiguin Lagonglong, Magsaysay, Mahinog, Mambajao, 13 Frequent
Medina, Nasipit, Sagay, Salay, Sugbongcogon,
Misamis Oriental . P gay ¥, SUghongeog
Talisayan
. o Balingasag, Cagayan de Oro City, Claveria, El
MisamisOriental . . 6 Frequent
Salvador City, Jasaan, Opol, Tagolddignueva d
Marinduque Boac, Buenavista, Gasanogpog 4 Occasional
Oriental Mindoro | PinamalayanPola 3 Occasional
Bulacan - -
Las Fﬁas.,Manlla, NavotasObando,Pardiaque, 5 Occasional
Metro Manila Pasay City
Marinduque Boac, Buenavista, Gasanogpog 4 Occasional
Albay Bacacay, Ll.gao City, Mall.llpot, Malinao, R&aypu, 4 Occasional
Santo DomingoJabaco City
Bataan Bagac, Mariveledflorong 4 Occasional
N Enique Villanueva, Larena, Maria, San Juan, )
Siquijor - 4 Occasional
Siquijor
Occidental . .
Mindoro CalintaanSablayan 3 Occasional
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Davao del Norte

Davao del Sur

Davao CitySamal City

Occasional
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Hawksbill Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015

Number of nesting incidents
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Figure4. Individualnesting incidents abhggedhawksbill turtlesin the Philippines outside the Turtle Islands Wildlife

Sanctuary.
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Years with Hawksbill Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figure5. Years with tagged hawksbill turtles nesting incidents infthéippines outside the Turtle Islands Wildlife
Sanctuary.
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3.2.3. Olive Ridley Turtle Nesting Incidents
Olive ridley urtle nesting incidence werereported in 49 sitescovering 147
municipalitiesin 33 provinces, not including those in the TIWW&e highest
incidence was in the municipalities of Bagac and Morong, with a combined total
of 410 incidences and the only site classifiedHagh. Outside of Bataan, only
two sites were classified as Moderate, and 46 sitesav Tablel0).

TablelO. List of sites with high andoderatenumber of nesting incidences fiaggedolive ridley turtles outside the Turtle
Islands Wildlife Sanctuary.

Provinces Municipalities 7 of .Nestlng Category
Incidence
Bataan Abucay, Bagac, MoronBjlar
410 High
Zambales Olongapo CitySan Antonio
Metro Manila Manila,Navotas 19 Moderate
Oriental Mindoro Pinamalayanfola 12 Moderate

In terms ofnumber of years with incidentgwo siteshad frequent nestings,
seven site®ccasionahesting and 40 sites sporadic nestinbaplell).

Tablell. List of sites with frequent aratcasionalears with nesting incidents foaggedolive ridley turtles outside the
Turtle Islands Wildlife Sanctuary.

Number of
. . ears with
Provinces Municipalities y . Category
nesting
incidents
Abucay, Bagac, Balanga City, Hermosa,
Bataan Limay, Mariveles, Moron@longapo City,
. . . 15 Frequent
Zambales Orani,Orion, Pilar, Samal, San Antonio,
Subic
Bulacan

Bacoor, Bulacan, Cavite City, Imus, Kawi
Cavite Las Aias, Manila, Navota, Noveleta, 8 Frequent
Obando Pardiaque Pasay City

Metro Manila
. . N Occasiona
Oriental Mindoro BansudGlorig PinamalayanPola 3 |
Balayan, Calaca, Calatagan, Lemery, Lig Occasiona
Batangas y g y 4
Nasugbu I
. . . Occasiond
Camarines Sur Lupi, Ragaysipocot 3
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Occasiona

Sarangani KiambaMaitum |
. ion
Zambales Botolan, IbaPalauig OCC?S'O g
. Occasiong
Marinduque Boac,Gasan,Mogpog |
Davao del Norte Occasiona

Davao del Sur

Davao CitySamal City
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Olive Ridley Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015

Number of nesting incidents
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Figure6. Individual nesting incidents of tagged olive ridley turtles in the Philippines outsidiartieIslands Wildlife
Sanctuary.
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Years with Olive Ridley Turtle Nesting Incidents
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figure?. Years with tagged olive ridley turtle nesting incidents in the Philippines outside the Turtle Islands \
Sanctuary.
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3.3.

3.4.

# of encounters

n
@
o

~
=]
5]

T}
=)

=
51

Loggerhead and Leatherback Tultleidents

Thereis a total of114records for loggerhead turtkeand leatherback turtlsthat are

non-fishery related in 68 municipalities and 32 provin¢dppendix ). The types of
encounter recorded are as follows: Unknow®l.4%0), leatherbackurtle nesting

(1.7%%) and loggerheatlirtle nesting (1.4%),captive loggerhead turtle (0.9%gnd

in-water activity of unspecified specie@4.53%0). However, the information on the
nesting for both species is highly questionable araswot verified. Furthermore,

there was not enough data to infer any trends.

Marine Turtle Size Distributio@sitside the Turtle Islands Wildlife Sanctuary
Using the same tagging data bubw analying the curvectarapace lengtfCCL)the
distribution of adults and juveniles/sufdults for green, hawksbill, and olive ridley
turtles was determined. The najority of the sites harbarboth juveniles/subadults
and aduls. Both green and hawksbill turtles thaigher peaks of the juvenile/suhdult
individuals, while the olive ridley turtle da higher peak of the adults.

3.4.1. Green Turtle Size Distribution
The highest number of green turtles reportbdlonged to thguveniles within
a40-50cm CClrange while adults wee fewer andrecorded a95-105cmCCL
range (Figure 8). Adult and juvenile/sukadult green turtleswere widely
reported in thecountry Figure9). Basinghe life stageson CCkize, there were
more sites where only juveniles/stdmults were reported as compared to sites
with only adult green turtlesutside of TIWSSites with only juvenile/suladult
turtles were mostly in the Pacific sidacluding areas between Bohol and Cebu.
Sites withmostlyadult turtles were generally located in the St8ulawesi areas
of Palawan, Cagayancillo, and T-awivi.

y y 3 T y y y T T ¥ ? f T T T T T
20 30 40 50 60 70 80 a0 100 110 120 130 140 150 160 170 180 190 200 210

CCL (cm)

Figure8. Size distribution of tagged green turtles outside the Turtle Islands Wildlife Sanctuary.

26



Size Distribution Green Turtle
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figure9. Distribution of taggedgreen turtlesin differentclass size®utside the Turtle Islands Wildlife Sanctuary.
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# of encounters

3.4.2. Hawksbill Turtle Size Distribution
Most of the hawksbill turtlesecorded a CQlithin the 3545 cm rangeRigure
10), which points to a majority of tagged juvenilé®eportedo a lesser extent
were adult hawksbill turtles within the 780 cmCCliange.The najority of the
sites harbored bdt adult and juvenilesRigurell). Sites where mostly adults
were reported are in Palawan, Tubbataha Reefs, Tawivi, northen
Mindanao, and Oriental Mindoro.

y T T T T T T u
50 60 70 80 90 100 110 120 130 140 150 160 170 180

CCL (cm)

FigurelO. Size distribution dhggedhawksbill turtles outside the Turtle Islands Wildlife Sanctuary.
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Size Distribution Hawksbill Turtle
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figurell. Distribution oftaggedhawksbill turtlesn differentclass sizeoutside the Turtle Islands Wildlife Sanctuary.
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# of encounters

3.4.3. Olive Ridley Turtle Size Distribution
The najority of the olive ridley turtlesecordedwere adults with a size range
between 6878 cmCCLwhile no distinct peak for juvenile/suédult turtles
was seen Kigure 12). Asfor the other species,the majority of the sites
harbored both the adult and juvenile/subaduli{&igurel3).

_— - _—
130 140 150 160 170 180

CCL (cm)

Figurel2. Size distribution dhggedolive ridley turtles outside the Turtle Islands Wildlife Sanctuary.
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Size Distribution Olive Ridley Turtle
Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figurel3. Distribution oftaggedolive ridley turtlesn differentclass sizesutside the Turtle Islands Wildlife Sanctuary.
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3.5.

Marine TurtleFishery Interactions

Marine turtle habitats oftercoincide with areas useloly coastal communities as their
fishing groundswhich may result imccidental capture or bycatch. Of the 2,553 live
captures, only nine were confirmed releasexhly 4 were recorded deadand the
remainder vererecorded as unknown

Marine turtle-fishery interaction information comes from the field action office data
of the DENR regional offices. Whigns caughtalive and reported to the DENRhe
marine turtle is usually tagged if it has not been tagged yet. Dead turtles are usually
disposedof by burying.

A total of 2,629 records related to fishery interaction were analysed from -P846,
excluding TIWS, with the green turtle being the most commonly caught species
comprising 62.2% (1,63&cord9g, followed by the hawksbill turtle with 16.1% (424
records) the olive ridley turtle with 12.3% (324 records), and the leatherback (20
record9 and loggerhead turtles (1&cord9 with less than 1% each, and unknown at
7.8% (206ecordg (Figureld). Two thousand three hundregightyone (2,38) of the
turtles involved in fishery interactions wepgeviouslytaggedasnesters. A total of 343
sites covering 391 municipalities from 81 provin¢cdgmve recorded marine turtle
bycatch. The highest number of recorded fishery interaction came from Puerto
Princesa City in Palawan with 2ii¢idences followed by Bagac in Bataan with 117
records, then El Nido in Palawan with i@tords Appendix 2 List of Municipalities and
Provinces with Marine Turtle Fishery Interaction Incidestsows the municipalities and
provinces where marine turtle fishery interactions were reported.

0.70%
0.80%

= Green turtle

0 \
12.30% = Hawksbill turtle

Olive ridley turtle
Leatherback turtle
= Loggerhead turtle

= Unknown

Figurel4. Fishery interaction percentages pearine turtle species in the Philippines.

Figurel5shows thetypesof fishing gears that were recorded be involved in marine
turtle bycatch with fish nets (norspecific) comprising8% andnon-net gears at 1%

The remaining 31% are unknown gears. The gears are classified as such because the
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data collection sheet does not specify gears commonly used and data recorders had to
make up terms. This resulted to varying terms used.

= Net
= Non-net

= Unknown gear

Figurel5. Marine turtle fishery interaction percentage by type of fishing gear in the Philippir

3.5.1. Green Turtle Fishery Interaction
Figure 16 is a spot map that shows the number of green turtle fishery

interaction with the locatiorrecordstandardized to the coast of the municipal
waterswhere the animal was landecdhot where it was caughiThe top three
places wheregreen turtles were regularly reported to be caught were Puerto
Princesa City in Palawan (140 records), Guimbal in lloilo Provincec@as,
and Bagac in Bataan with 49 fishery recofidse najority of green turtles were
caught byunknown geargFigurel?).
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Green Turtle Fishery Interactions
1996-2015

Number of incidents
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Figurel6. Green turtle fisherinteraction records in the Philippines.
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= Net
= Non-net

= Unknown gear

Figurel?7. Green turtle fishery interaction percentage by type of fishing gear in the Philippine

3.5.2. Hawkshbill Turtle Fishery Interaction
Hawksbill turtles were regularly reported be caught in Bagam Bataan (38
records),Puerto Princesa City in Palawan (29 records), and El Nido in Palawan
(26 records)Kigurel8). Fismets are the most common fishing gear that traps
hawksbill turtlesas they are generally found in reefs, where also the fishing
sites of most coastal communities gieigurel9).
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Hawksbill Turtle Fishery Interactions

1996-2015

Number of incidents
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Figurel8. Hawksbill turtle fishery interaction records in the Philippines.
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= Net
= Non-net

= Unknown gear

Figurel9. Hawksbill turtldfishery interaction percentage by type of fishing gear in the Philippine:

3.5.3. Olive Ridley Turtle Fishery Interaction
Olive Ridley turtles were regularly caught in the waters of Calaca in Batangas

Province (34 records), Davao City (19 recoatsjBagac in Bataan (14 records)
(Figure20). Fish nets still comprise a significant percentage of the (fegure

21).
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Olive Ridley Turtle Fishery Interactions
1996-2015
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Figure20. Olive ridley turtle fishery interaction records in the Philippines.
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= Net
= Non-net

= Unknown gear

Figure2l. Olive ridley turtldishery interaction percentage by type of fishing gear in the Philippines.

3.5.4. Loggerhead anbkatherbackTurtlesFishery Interaction
There were 20 fishery interactions in 17 municipalities from 15 provinces
recorded for the largest marine turtle, the leatherback turtle, and 18
interactions in ten municipalities from nine provinces for the loggerhead turtle
(Figure 22). Leatherback turtles were mostly caught by unknown gear and
loggerhead turtles were mostly caught by néEsgure24 and Figure23).
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Loggerhead and Leatherback Turtle Fishery Interactions

1996-2015
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Figure22.Loggerhead turtle and leatherback turtle fishery interaction records in the Philippines.
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m Net = Non-net mUnknown gear

m Net mNon-net mUnknown gear

Figure24. Leatherback turtle fishery interaction percentage

3.6.

type of fishing gear in thBhilippines.

Habitat Connectivity

Figure23. Loggerhead turtle fishery interaction percente

by type of fishing gear in the Philippines.

To establish the connectivity of habitats used by marine turtles, the location of the
aya3nsaidAy3daég SyO2dzyiSNAE 2 FhisinkaBstiGiRe tagéed (G S N&
turtle was recovered outside of its nesting ground.

G201t 2% SamtliAny/dEM Sy dzy § SNE Ay Of dzZRA Y 3
1996:2015.Twelve thousand seven hundred thifiyur (12,739 of these were green
turtles, 2,056 hawksbill turtles, and 1,114 olive ridley turtles.

3.6.1. GreenTurtle Habitat Connectivity

The province of Palawan has the highest number of green turtles recorded that
nested in the TIWS he west coastof the Luzon and Visayas were also found
to have strong connectivity with the nesters in TIWg(re25).

The farthest distance between two locationsthin the Philippinesvhere the
same green turtléLeft tag: P19834, Right tag: P1794@}kidentifiedwas 1,449
km from the TIWSin Pagudpud, llocos Norte.

3.6.2. Hawkshbillfurtle Habitat Connectivity

Hawksbill turtle nesterrom the TIWS were documented to frequent Palayan
as well. While nesters tagged in Balabac and Taytay, Palawandeat#ied in

the Davao Gulf, nestefsom Davao Gulf were recorded in Bataan and Negros
Island. Nesterfrom Bataan were recorded in Masbate, Davao Gulf, and Puerto

Princesa CityHigure26).
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3.6.3.

The farthest distance between two locationgthin the Philippinesvhere the
same hawksbill turtl¢Left tag: P17084, Right tag: P1708%) found was 1,131
km from Burgos, Pangasinaim Hinatuan, Surigao del Sur.

OliveRdleyTurtle Habitat Connectivity

Olive ridley turtles nesting in Bataan were documented to travel to Negros
Occidental while nestersfrom Oriental Mindoro were found to ithe Davao
Gulf. (Figure27).

The farthest distance between two locationgthin the Philippinesvhere the
sameoliveridley turtle (Left tag: RP09143, Right tag: RP09ivMay found was
882kmfrom the Sanche#lira, Cagayanin Calubian, Leyte.
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Green Turtle Habitat Connectivity

Number of turtles in common
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Figure25. Habitat connectivity of tagged green turtle nesters from the Turtle Islands Wildlife Sanctue
the rest of the Philippines.
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Hawksbill Turtle Habitat Connectivity
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Figure26. Habitat connectivity of tagged hawksbill turtle nesters within the Philippines.
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Olive Ridley Turtle Habitat Connectivity
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Figure27. Habitat connectivity of tagged olive ridleytle nesters within the Philippines.
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3.7.

3.8.

Marine Turtle Incidenta/ith ForeignTags

A total 0f692incidents with greer{674), hawksbil(3), olive ridley(1), loggerhead (1),
and unknown (13burtles bearing foreign tags were recorded from 198615.Almost
all incidentscomprised turtles with Malaysian tagSnly three tagged turtles migrated
from JapanThemajority ofthe encounter typewere nestings(601), and the others
were fishery interaction (4), stranding (&)d unknown (86)This is not unsualas the
greenturtles inthe Turtle Blandsare managed by Malaysia and the Philippiagsne
population The list of marine turtle incidentswith foreign tags are presented in
Appendix 4.

SiteswhereGreen, Hawksbill, and Olive Ridley Tuibeur Together

Figure28 showsthe sites where greemhawksbill, and olive ridley turtlesccur in the

same area based on the tagging and FAO reports, regardless of the type of encounter.
Thereis a total of 56 sites in the country where there are reports of the three (3)
species. A complete list of the sites and the municipalities and provinces included are
presented in Appendix 5.
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Outside the Turtle Islands Wildlife Sanctuary from 1996-2015
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Figure28. Sitesvhere green, hawksbill, and olivielley turtles occur together.
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3.9.

Statistical Analysis for Habitat Connectivity

3.9.1.

3.9.2.

Quadrat Analysis

The grid data consisted of n=2,624 rows of data, witt0.9096799 mean
number of nonnesting encounters per grid cell, and variance v=38.3681259.
Therefore, the variancéo-mean ratio (VMR) was 42.177613. Since this is much
larger than 1t suggess a high level of clustering. Calculating at thetest

z

statistic (.. ———— ) resulted in.. p$ Y o ppwr, while the

0.001 critical value for.. with df=n-1=2,623 is 2,852.5. Since this critical value

is much smaller than our test statistic, we can assume that the VMR cannot be
explained by random chance. Since the VMR is much higher than 1, this
suggess a highly clustered occurrence of noesting green turtle encounters
that nest in the TIWS.

Regression

To further explore the relationship between distance from their nesting ground
inthe¢L2{ IyR (KS y&aadNIAF2 Sy dFdzy i SNE
marine turtles elsewhere, a General Linear Model was fitted where the number
2F a\SAMiAyIé SyO2dzy iSNB 61 & SELX FAYSR
the sampling effort. The sampling effotas approximated by counting the
number of weeks for each cell in which marine turtle encounters were
reported. Only cells where one or more encounters were recordedewer
included because of the oveepresentation of cells where no marine turtles

were encountered. The calculations are presente8igure 29.
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H#Ht

## Call:

## glm(formula = df$num_encounters ~ df$distance_from_tiws + df$sampling_effort)
Hit

## Deviance Residuals:

## Min 1Q Median 3Q Max

## -19.256 -4.445 -2.017 0.236 183.922

#t
## Coefficients:
## Estimate Std. Errd value Pr(>|t])

## (Intercept)  1.441e+01 2.432e+00 5.923 6.35e09 ***
## df$distance_from_tiws-1.286e-05 2.870e06 -4.481 9.46e06 ***
## df$sampling_effort 2.063e01 5.025e02 4.106 4.81e05 ***

# ---

## Signif. codes: 0 ***' 0.001 **' 001 "*' 0.05"'.'0.1"'"'1

Hit

## (Dispersion parameter for gaussian family taken to be 188.8311)
Hit

## Null deviance: 89978 on 443 degrees of freedom

## Residual deviance: 83275 on 441 degrees of freedom
## AIC: 3591.9

#Ht

## Number of Fisher Scoringterations: 2

Figure29. Calculations for regression analysis.in R

3.10. Turtle Islands Wildlife Sanctuary
3.10.1.NestingIncidencelrend of Tagged Green Turtles
The TIWS is composed of six islands, namely: Taganak, Baguan, Lihiman,
Langaan, Great Bakungaan, and Boaan.Prilppine dataset shows thahe
majority of the records come from tagging @feenturtles in the TIWSwhich
is still regularly done. This dataset was divided by decade to establish trends
per island that comprise the TIWS, aside from the combined trend analysis.

Combined tagging data of all islands over three decades revealed that the
incidence of nestings had been declining. The highest tagging of nesters
recorded was in 1994 and had dropped steadily, increasing slightly in 2012
(Figure30).

This, however, holds only true for the recorded nestings of tagged turtles. The
overall number of nesting turtles in the TIWSnhot reflected irthe results of

this study.The discrepancies to the recorded dat@ due tothe inconsistency

of tagging efforts throughout the years.

Of the four islands, only Baguan Island showed a decreasing trend in the
reported number of tagged nesters while the rest tbke islands have an
increasing trendTablel2). Baguan Island had an increasing trend of reported
tagged nesters during the first decade (198#85) but declined during the
second decade (1998005) and was slightly increasing again during the third
decade Figure31). Baguan Island also had the highest nesting records among
the islands in the TIWS and had a big influence in the overall trends.
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Figure30. Mean annual tagging data for
the Turtle Island Wildlife Sanctuary with declining trendline (red line).

Tablel2. Mean annual tagged nesters reported per decade and overall trend in the Turtle Islands Wildlife Sanctuary.

Mean Annual : .
: Mean Annual Nesting | Mean AnnualNesting
Islands Nestlnlgggog 1986 for 19962005 for 20052015 Trend
Baguan Island 1,128+255.32 551+182.59 450+135.27 Decreasing
Langaan Island 4+2.52 57+16.01 132+39.01 Increasing
Lihiman Island 77+62.19 105+33.60 130+32.92 Increasing
Taganak Island 19+10.99 124+37.10 94+29.92 Increasing
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Figure31. A) Overall tagged green turtle nesting trend in Baguan Island; B) Tagged green turtle nesting trend fror
1995; C) Tagged green turtle nesting trend from 12085; D) Tagged green turtle nesting trend during 22065. Blue
line is the annual dataged line is the trend.

Lihiman Island had an increasing trend of reported tagged nesters with the first
two decades showing an increasing trend, while the next decade had a steadily
declining trend Figure32).
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Figure32. A) Overall tagged green turtle nesting trend in Lihiman Island; B) Tagged green turtle nesting trend fror
1995; C) Tagged green turtle nesting trend from 12065; D) Tagged green turtle nesting trend during 20065; blue
line is the annual datagd line is the trend.
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Taganak Island had an increasing trend of reported tagged nestudish
slightly declind during the last two decade$igure33).
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Figure33. A) Overall tagged green turtieesting trend in Taganak Island; B) Tagged green turtle nesting trend from :
1995; C) Tagged green turtle nesting trend from 12065; D) Tagged green turtle nesting trend during 22065; blue
line is the annual data; red line is the trend.

Langaan Island had asverall increasing trend of reported tagged nesters
which declned during the first decadebut steadily increasd during the next
two decadesKigure34).
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Figure34. A) Overaltagged green turtleesting trend in Langaan Island; Bjgged green turtl@esting trend from 1986
1995; Cragged green turtle nesting trend from 192605;D) Tagged green turtl@esting trend during 2068015; blue
line is the annual dataed line is the trend.

3.10.2.Nesting Seasonality of Tagged Green Turtles
There is a&onsistent seasonality of nesting throughout the year, starting from

May and peaking in Septembetighest nesting records were observed in the
1994 nesting seasoffrigure35).
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Figure35. Total number of taggedreen turtlenesters per month in the Turtle Island Wildlife Sanctuary from-P886.

3.10.3.SizeDistributionof Tagged Green Turtlesthe Turtle Islands Wildlife

Sanctuary
The green turtles encountered and tagged in the TIWS had a mean size of 92.6

cm CClLas they were all adult reting females.Figure 36 shows the size
distribution of turtles found in TIWS.
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Figure36. Size distribution dhggedgreen turtles in the Turtle Islands Wildlife Sanctuary.

3.10.4.HawkshbillTurtles in the Turtle Islands Wildlife Sanctuary
There were 100 nesting incidents of hawksbill tisilethe TIWS from 1996 to
2015, the highest among the hawksbill nesting sites,both number of
incidents and years with incidents. Therefore, the Tli¢/8lso considered a
priority site for hawksbill turtles.

4. Discussion

The resultof this studyare based on datavailablethat weresufficientfor statisticalanalysis

to determine trends reflecting aspects of marine turtle occurrence, distribution, habitat
connectivity, and fishery interaction in the Philippinéisis not meant to provide details on
individual turtles or incidents. Rather, it provides broader results relevant to management.

An example of a questiothat this report will na be able to answer reliably would be: How
many turtles have been nesting in a municipality? Even though there is data giving the number
of tagged turtles in a municipality, the absence of a report doaismean that there are no
nesting turtles in the area. If very few turtles have been reported in a municipality while
surrounding municipalities have large numbers, chances are thiscipality may have under
reported nesting incidents in their area.

An example of a question that this report can help with would be: Whichonsgand
municipalities shouldbe included irestablishing a network oharine turtleprotected areas?

If an area on average shows a large number of nesting turtles, the whole site is probably
important. Connectivity of nesting sites to other habitats casoabe establishedFurther
discussion with the region and municipalities can then help in filling in priorities and policies
more accurately.

Therefore, this report is important in conservation management and should be a start point
for setting priorities. Regional offices can fill in gaps and correct them based on their local
knowledgeand assessmer{groundtruthing).

4.1. MarineTurtle Occurrence andDistribution
Thisreport confirms that five species of marine turtles, namely the green, hawkshbill,
olive ridley, leatherbacland loggerhead turtles utilize the Philippines as habAaide
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from the clustering observed in the nesting sites, all five species of marine turtles are
widely distributed throughout the Philippine Seas.

Five life stages of green turtlase observed in the Philippines, which include: (1) eggs,
(2) hatchlings, (3) juveniles, (4) adult malasd (5) nesters, and four life stages of
hawksbills turtles, which includes (1) eggs, (2) hatchlings, (3) juvenile, and (4) nesters,
thus omitting the adult males for the latter speci@Sruz & Torres, 2005)n all life
stages, green turtles were reported to have been sighted more frequently than
hawksbill§Cruz & Torres, 2005)

In terms of nesting, the green turtle is the most commofdynd nesting species,
followed by the olive ridley turtle, then the hawksbill turtlidestings of thesé¢hree
speciesconcur with earlier report¢Cruz R. D., 2002)

Although therewere recordsof leatherback and loggerheatlirtle nestings in the
database, it was discussed duringesral consultations with the DEENBMB that these
records are not confirmed and could not be verifegcthe time of writing Therefore,
these records would need verification, if at all possifileere were also not enough
recordsfor these two specieavailableto show any trendsandtherefore thesewere
largely excluded from the results

Aside from adultfemaleturtles encountered nestingjuveniles and suldults utiliz

the Philippine Seas faheir different habitat requirementshroughouttheir life cycle
too. Green turtles of adult and juvenile/stddult sizeswere widespreadwhereas
olive ridley turtlesveremostly adults. Hawksbilla contrastwere mostly juvenile/sub
adults.Records of juverelsub-adult hawksbill turtles are consistent with observations
that immature turtles remain in the same developmental habitats for extended
periods(Meylan & Meylan, 1999; Houghton, Callow, & Hays, 2008ich maythus
indicate that hawksbill turtles utilize the Philippines mostly for feeding and
developmenal purposes Olive ridley turtles are pelagic in natu¢Bolovina, et al.,
2004; Swimmer, et al., 20Qd)ence, relatively few juveniltsub-adults were observed

as the data set relied heavily on nesting and accidental neardtsbreries

Byrne and Hine@005)reported that allreportedindividualsin Hinatuan Bay, Surigao
del Sur in Mindanaare juvenilegreen, hawksbill, olive ridleyand loggerheaturtles,
except for oneadult hawksbillturtle;; they mentioned, however, that a bias in capture
and/or reporting might be responsible for that. Equally, Pilcf2§10)also finds that
the majority (>80%) of the turtles that were sighted and capturedubbataha Reef

in Palawarwere juveniles. Adult turtles encountered were nesting and mafititcher,
2010) In the same site,ite majority of juveniles encountered by Cruz and Torres
(2005)were green turtles, in contrast to very few juvenile hawkshdlied the authors
note that the juvenile turtles are mostly concentrated in shallow waters. The latter
finding is confirmed by Araujo et af2016) as the green turtles in the shallow
interaction area (2.7 r12 m depth)n Apo Island, Negros Orientappear to be mostly
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immature, thus supporting an assumption by Meylan et(2011)of an immature
dominated, benthic developmental stage. Antonio and Matillaf@016) also
encountered green turtles, feeding in the shallow seagrass meadows, on a frequent
basis in Unok Island in Palawan, but this observation does not seem to be confined to
juveniles only.

Araujo et al.(2016)found that the mean residency of juvenile green turtles in Apo

Island, Negros Oriental was 873 days and they were absent from the study site for a
mean time period of 324 days, within a total time period from 11 May 2012 until 11

March 2016 (1,401 days)his site fidelity, which has been reported on before, was
attributed by the authors to the extensive seagrass beds providing excellent foraging
grounds. As most green turtles at the interaction site seem to be immature, it seems

like the seagrass beds a@A &A1 SR o0& AYYIlI Gdz2NE AYyRAQDARdzZ |
R2ZYAYIFIGSR F2N}3IAy3d KFIoAGlIGaze 6KAOK KIFa
and should thus form part of conservation strateg{@ésaujo, Montgomery, Pahang,

Labaja, & Murray, 2016)

Other habitats utilized by marine turtles in the Philippines were mostly identified
through fishery interaction records. These marine turtles were tagged for the first time
upon encounter or were already tagged from nesting or from a previous bycatch
incident. The areas where they were identified or caught were most likely used as
migratory corridors with some areas indicated as feeding and developmental habitats.
However, no field investigations of these sites were made to characterize them for
differentiation between corridors or terminal habitats.

In some cases, the marine turtles encountered were not recorded where they were
originally found or caught, which should have been at sea, but where they were landed
and officially documented. This created location errors in some of the sites identified.

The presence of the different species of marine turtles throughout the Philippines
poses a challenge in conservation, as various habitat types are utiliziffieaent life
stages exposing them to a multitude of threats. Determining the areas where the
turtles are most vulnerable is essential to their conservation.

The presence of the three most common species in the same sites were also mapped
out, as this can be used as a basis in identifying Critical Habitats for marine turtles in
the PhilippinesCritical Habitatsefer to areas outside protected areas under Republic
ActNo. 7586 that are known habitats of threatened species and designatsdcis
based on scientific datdeclaration of some of the marine turtle habitas a Critical
Habitat, particularly those where more than one species occur, could be arvatise

option for some of the sites.
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4.2.

4.3.

Nesting

Nesting for the green turtle occurs widely in the Philippirtéistorically, green turtles

are the most widely distributed species in Southeast Asia with high occurrences in the
country(Trono, 1991; Cruz R. D., 2002)

Olive ridley turtles, although mostly absent in Southeast f&hanker & Pilcher, 20Q3)
have the second highest incidence of marine turtle nestings in Bielippines A
characteristic of olive ridley turtles is to form mass nestings in rookeessiltingin
high concentrations of nesters in a particular a(Barnardo & Plotkin, 2007Although
not observed in the Philippinedistrait is posited as why olive ridley turtles have few
but concentrated nesting sites in the Philippines facing the West PhilippinéC8ea
R. D., 2002)

Hawksbill turtles, on the other hand, have the least number of nesting habitats in the
country owing to their characteristic of nesting in low densities covering a large area
(Alcala, 1980; Witzel, 1983Hawksbill turtles also tend to nest under shade or
vegetation making spotting a nest difficult resultimg fewer reports.

According to Cru@2006) there is only one confirmed record of leatherback nesting in
the Philippines back in 1986 in Palawan, with a few more anecdotal reports. A nesting
of a leatherback in Legazpi City, Albay is now considered the first confirmation through
proper documentain which happened in 201 rguelles, 2013)Unfortunately, this
specific record was riancluded in the DENBMB dataets.Loggerhead turtle nestirgg

on the contraryare questionable andre probably misidentified green or hawksbill
turtles as there are no confirmed nestings in the Philippines based on the distribution
range of rookeries according to Wallace et(aD10) as for the north Pacific thegre
known to nest only in JapafNational Marine Fisheries Service and U.S. Fish and
Wildlife Service, 2007)

Important nesting beaches for at least three of the marine turtle species, namely:
green, olive ridley, and hawksbill turtle as presentred in the priority sites need to be
protected more effectively, not only from poaching but most especially to coastal
development.

Priority Nesting Sites for Conservation

Based omestingandtagging information in this study from 1996 to I8) excluding
the TIWS, multiple sites across the counivgre recommended agriority sites for
conservationThis includd 17 nesting sites for green turtigseven (7hesting sitegor
hawksbill turtles, andtwo (2) nesting sites for olive ridley turtlggigure37). Although
the majority of the nesting records are low mesting incidencend sporadic irthe
number of years with incidenc¢enarine turtles tend to exhibit highestingsite fidelity,
renderingthe sites mportant. A full list and details of the priority nesting sites are
presented inAppendix 3 Nesting Priority SiteExduding Green Turtles fronthe Turtle
Islands Wildlife Sanctuary

58



These recommendatiors arebased on the combined dataf the individualincidert
recordsandnumber of years with nesting incidengethe sitesHowever, itshouldbe

noted that the information provided in this study may be incomplatel that other
sitesare not considered simply because they weret included in the dataThe data

used waseavily biased on opportunistic sampling, mostly in populated locations, but
there are large inaccessible coastal areas that could very well be nesting sites but
remain unreported.

The green turtles of the TIWSeve not included in this analysis becausdjats already
been recognised athe top rookery for green turtles in the countdue to extensive
protection efforts in the 1980s and 9@sd including it wouldhave prevented other
sites from significantlystanding out It is surprising to notehat the TIWS is an
important nesting groundor hawksbill turtles as well.

For the priority sites outside the TIWS, intensive conservation activities should be
provided to ensure that these sites are maintained as safe nesting grounds for marine
turtles.
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Figure37. Nesting sites of green turtles, hawksbill turtles, and olive ridley turtles with highest value rating
species for prioritization, excluding green turtles in the Turtle Islands Wildlife Sanctuary. The numbers repr
Site ID.
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