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Introduction

This 2019 State of the Environment Report (SOE)
conveys trends of key natural resources and environmental
programs, and analyzes their most recent conditions and
grades in relation to local and global goals and standards.
Where possible, it interprets meaning and assigns a Condition
or Grade—Good to Poor—and uses a color-coding system
to convey whether indicators are healthy. It applies the same
color coding system to show if a trend is beneficial or harmful
to the environment. This report fulfills annual reporting
requirements of the NEPC. This 2019 SOE follows up on
the 2017 SOE, and was reorganized to include State, Pressure,
and Response to key marine, land, and urban habitats and
sectors. Climate Change and Invasive Species are addressed
as pressures in multiple sectors; Protected Areas are reported
on as a response (and addressed separately for marine and
terrestrial habitats).

Summary

114 Indicators are presented; for each Indicator, several
lower-level indicators were assessed. 91% of Indicators (up
from 82% in 2017) had adequate information to assign a
condition, grade, or trend.

Marine: 62 marine and mangrove indicators were assessed.
55% of indicators were in good or fair condition or with a
healthy trend; this is a decrease since 2017 largely in part to
increased information and declining nearshore fisheries.

Summary of
Terrestrial Indicators

Summary of
Marine Indicators
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Terrestrial: 25 terrestrial and bird indicators were assessed.
75% of indicators were in good or fair condition or had a
healthy trend; this is an increase from 2017 due both to new
information and successful initiatives.

Human/ Urban: 27 human/urban indicators were assessed.
72% of indicators had a good or fair grade or with a healthy
trend; this is the same as in 2017.

Protected Areas (PA) indicators (included in the separate
marine, terrestrial, and bird sections) were revised significantly.
Marine, mangrove, terrestrial, and bird PA indicators were
assessed. 84% had a good or fair grade; but 16% were poor (the
2017 SOE had 100% good or fair, prior to revisions).

Coral Reefs

Most shallow coral reefs are in good condition. Shallow
reefs on the East Coast are taking longer to recover. Many
of the pressures on coral reefs are intense and getting worse.
Global climate change has immediate negative impacts on coral
health, including on mesophotic (deeper) reefs. Local pressures
(such as sedimentation rate) are not well monitored. Palau has
responded well to many pressures, and continues to improve.
Continued investment in MPAs (particulatly the commitment
by States to set aside new MPAs), means that only lagoons
and reef flats are still poorly represented in Palau’s network of
MPAs. Responses to local pressures have been very slow and
should be improved, particularly reducing sedimentation and
overfishing of reef fish.

Summary of Human/
Urban Indicators

Summary of Protected
Area Indicators

State: Condition

State: Trend

Pressures: Condition

Pressures: Trends

Responses: Condition
|

Nearshore Fisheries: State, Pressure, Responses
Breakdown of ratings for Condition, Grade, and Trend

Figure, left (page 20). Some Near-
shore Fishery species are in
trouble, with some species (fish
and invertebrates) at risk of a
local or widespread population
crash. Nearshore Fisheries need
coordinated, direct, and socially

B Good . .
inclusive responses. Many new
Fair sources of information were
m Poor analyzed; across 186 sub-level
Unclear indicators, only 20% were Good

and 18% were Fait. 52% of indi-
cators were Poor and 10% were

0% 10% 20% 30% 40% 50% 60% 70%

80%  90% 100% Unclear. This was for ~20 out
(] (] 0

of fish species, in limited sites.

Nearshore Fisheries

Of the limited set of fish and invertebrates with data,
the majority of indicators are in Fair to Poor condition, many
with unhealthy trends (see Figure, above). Several species of
fish and invertebrates are at risk of a population crash (locally
or widespread). Pressures on Nearshore Fisheries come from
local stressors as well as climate change. Palau’s response to
Nearshore Fisheries has been inadequate. Investment in MPAs
has yielded some good results, but it is not enough. The majority
of reef fishery resources are not protected via MPAs or rules
and regulations, and there are key gaps in knowledge. Current
alternatives to nearshore fishery use, such as aquaculture and
offshore fisheries, are not yet adequate to reduce current and
anticipated pressure on nearshore fisheries. Palau’s National
Government has invested relatively little into managing nearshore
fisheries. Information on nearshore fisheries is widespread and at
times, conflicting, Palau must improve its approach to Nearshore
Fisheries with a comprehensive, coherent response, using the
coordinated strengths of multiple actors; as it does with coral
reefs. This response must also be gender and socially inclusive.

Offshore Fisheries

Palau’s Offshore Fisheries are in Fair condition, in relation
to stock assessments for the entite Western and Central Pacific,
but appear to be improving. Pressures from climate change are
expected to get worse; there is much that is unknown. Palau’s
overall response has been good.

Select Marine Species and Sites

In general, several marine species and sites have unhealthy
trends and are getting worse. There is a lack of knowledge or
monitoring programs for most marine sites and species, which
limits understanding of and responses to pressures. Jellyfish
Lake and its unique species are well understood and monitored.
Most marine species and sites discussed here have some sort
of regulation or law applied, even if inconsistently. However,
compliance and enforcement must be strengthened to stop
declines and reduce pressures.

Mangroves

Mangroves in Palau appear to be healthy and resilient. Over
the long-term mangroves have expanded; however the impact
of that growth (e.g. on rarer habitats such as seagrass) remains
unknown. While baseline information on mangroves is good,
there have been few follow-up studies to determine if baselines
have changed. Palau’s Carbon Stocks are relatively high. Human
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About this report

Palau’s environment and environment sector ate both
large and complex. This report can only present priority
indicators and actions as a snapshot in time. No new field
research was done for this report, although some data were
analyzed anew. Indicators were pulled from published and
unpublished research and monitoring programs. Standards
and goals came from Palau’s Strategic Plans and from litera-
ture.

Limits of this report

“The Environment” in Palau is a highly complex web
of people, places, ideas, species, sites, practices, and chang-
ing conditions. Many data and analysis gaps were identified
through this report’s research process. Recommendations for
filling baseline and/ot trend gaps are included in discussions.
In some cases it was not possible to determine a grade, either
because standards and goals do not yet exist, or because there
were conflicting interpretations of the condition or trend.
For some indicators it was not possible to assign a simple
“Good” or “Poor” grade to a multi-faceted condition. This
report highlights where additional research is needed, and is
just the starting point to making sound decisions.

Key to Color Codes

Condition or Grade: Good/Healthy. Populations are stable
- and/or sustainable or Ecosystems are functional and re-

silient; Environment allows human well-being, Responses

improve conditions or reduce pressures.

Trend: Beneficial to the environment. Healthy, desired.

Condition or Grade: Fair. Populations and/or ecosystem
functions could improve in condition but are not declin-
ing. Responses address conditions or pressutes to some
extent, but improvement is needed.

- Condition or Grade: Poot /Not healthy. Populations below
stable or sustainable levels, or Threatened; Ecosystems
not functioning in natural state; Environment hinders
well-being. Responses are ineffective at improving condi-
tions or reducing pressures.
Trend: Harmful to environment. Unhealthy, not desired.

- Condition or Grade: No grade assigned. No standards, goals,

data, of consensus on which to base grade; or Unknown/
information gap.

Trend: No clear trend; no data or basis to determine
whether trend is beneficial or harmful. Or, Baseline.

Palau State of the Environment Report 2019
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use and clearing impacts large areas of mangrove at a time.
33% of mangroves are managed in some way, although given
the importance of mangroves to food and climate security,
the target for management is 75%. Mangrove MPAs appear
to be performing well. National Government leadership on
mangroves remains a gap.

Forests

With the exception of burned areas, forests are in good
condition, with high diversity. Total forest cover increased.
However, trends indicate that the extent of damaged and
degraded lands and forests, and the number of damaged trees,
is increasing, There is little public data on uses of forests,
freshwater resources, or freshwater biodiversity. Fire and climate
change pose significant threats to forests. Invasive Alien Speces
seem to be better controlled on land and Palau has implemented
measures to reduce their threat. There is little information on
human use. Extent of Terrestrial Protected Area has increased
but is still too low. Performance of Terrestrial Protected Areas
is fair to good for socioeconomic indicators, but unknown for
biophysical indicators. Information on endemism, distribution,
and status of terrestrial plants has increased significantly.
However, many plant species are now known to be threatened
or endangered, and few are managed outside of Protected Areas.

Birds

Birds are indicators of general environmental health. Many
birds appear to be doing well, with the significant investment
in bird conservation over the past decade leading to slightly
improved conditions and trends. After adecade of implementing
bird programs, bird diversity is good, and Biib and Bekai appear
to have started to recover. The trend for Belochel is not clear.
However, Melabaob has decreased. While climate change is a
threat to birds, the majority of pressure on birds comes from
humans. Palau’s many excellent programs for birds (eradication,
forest restoration, research and monitoring, outreach) have
likely resulted in improving conditions. However, there is
inadequate protected area for birds, and a critically important
shorebird site is not protected. Data access is good, but data are
not always standardized or analyzed.

Earthmoving and Development

The number of permits issued continued to increase,
although this number includes changes to existing structures
(e.g renovations or improvements with little environmental
impact). Both the number of violations and the violation

Waste Generation, Koror

0.6 35 _
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% 05 ; - 30 E
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203 - "——,—’——» 3
g — — 153
ig 0.2 - L 10 §
§ 0.1 T T 5 %
] 2004 2014 2017 £
< £
2 ——kg/person/day, Household waste generated in Koror

—o—mt/day, Total waste delivered to Koror Landfill

—%— GDP (10 millions; World Bank)

Figure, top (p. 80). Solid Waste is increasing,
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Figure, top (p. 72). The number of Earthmoving Permits was at an all-
time high in 2018.

rate increased, which may be due to increased legal capacity
at EQPB or to rapid growth. The majority of development is
permitted without a formal Environmental Assessment (EA)
or Environmental Impact Statement (EIS). The majority of
hotel growth since 2012 was small/niche. EQPB continues
to review and revise its regulations. In 2017, no (0) states had
comprehensive landscape and seascape plans in place; only 4 of
16 states have partial plans or some zoning;

Water Resources

Treatmentof drinking water (in terms of supply and quality)
is good. Drinking water in the urban areas of Koror and Airai
meets safe standards for Turbidity and E. Coli. However, water
in the urban area occasionally (but less frequently) exceeds safe
standards for total coliform, and water in rural areas regulatly
exceeds turbidity and coliform standards. Improvements to
water and wastewater infrastructure, such as the Koror-Airai
Sanitation Project and the Project for Improvement of Water
Supply System, are likely contributing to decreased average
fecal coliform and turbidity; and to less wasted water. Water
supply is good on an annual basis, but supply varies dramatically
with extreme weather. It appears that total use (and waste) may
have decreased since 2010. Palau’s drinking water monitoring
program is excellent. However, there is little information on
marine water and freshwater. Access to treated water and
sanitation is almost 100%.

Solid Waste and Recycling

The amount of total waste generated is increasing,
apparently at pace with GDP. The increase in total waste
generated is outpacing programs to reduce, reuse, or recycle
waste. Although solid waste programs are good, with collection
in 100% of Koror’s residential areas and numerous recycling
programs, they are not able to keep up with the amount of
solid waste produced. The total amount of waste recycled
or composted increased, but as a proportion of total waste
generated, it decreased. Increasing composting would divert
significant waste. The Beverage Container Deposit and
Redemption Program has successfully diverted most beverage
containers from the landfill.

Agriculture

Agricultural production and participation has increased.
However, there is little tracking of production, and growth
appears too slow to meet demand and targets. Facilities to serve
the agricultural sector have expanded, including opening of the
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National Slaughterhouse, identification
of and support for Best Practices,
expansion of agroforestry through
nursery trees, and control and removal
of IAS (including vines and fruit flies).

Energy Sector and Transportation

Renewable Energy (RE) and Energy
Efficiency (EE) both increased, but at a
pace that is too slow to meet goals. Total
energy consumption increased drastically,
reducing the proportion of renewable
energy produced and consumed. Based
on financial import data, car imports
appear to have decreased.

Awareness and Capacity

Public awareness of environmental
and conservation issues remains high,
although may have decreased due to
a shift in approach to targeting key
stakeholders. The growth of PAN and
the introduction of new initiatives (such
as the Sustainable Tourism Framework
and biennial National Environment
Symposium) have brought many new
people into the environment sector.

Gender and Social Inclusion

Several initiatives (e.g. Land Use
Planning and Protected Areas Planning
and Management) have the potential to
have negative, unintended consequences
on genders or social groups. The
Environment Sector/Conservation
Community has begun applying a
Gender and Socially Inclusive Lens to
projects and initiatives. Mainstreaming
plans have been incorporated into
existing National Projects and baselines
have been established. Future National
Projects will mainstream gender and
social inclusion into project designs
through implementation of a new
Project Management Manual Handbook.

P—T
Dt Waleinbed 4

1tlco§mtesy oi' BWA %

Humans and the Environment

What is the environment? In this report, “Environment” is more than
fish or birds or trees. The “Environment” encompasses the human relation-
ship to these natural resources and habitats. Palau’s environment sector (natural
resource managers, conservationists, businesses, community volunteers, and
many others) works to protect the environment for the benefit of people—for
food, money, recreation, culture, identity, and so much more.

Palau’s tourism industry is reliant on the environment, with visitors coming
to Palau for its splendid marine and terrestrial habitats and species. Combined
with fishing, 50% of Palau’s economy is directly reliant on the environment.
Locally funded benefits for people—Social Security, Pensions, even hot meals
for the elderly—are thus made possible by Palau’s environment. Non-monetary
services, such as clean air, clean water, and safe soils, are clear benefits to com-
munities that come directly from the environment.

338 | Houscholds that used Biomass for some of their fuel needs (2015)

94 | Jobs financed by the PAN Fund (2017)

494 Employees listing Occupations in Agticulture, Forestry, Mining/Quat-
ry, Professional/Scientific, and MNRET (2017)

1,847 | Employees in Accommodations/Restaurants (tourism sector) (2017)

$9.8
million

National Government income from fishing license fees (2017)

46% | Contribution to Palau’s GDP from tourism (2017)

Palau’s tourism sector accounts for 86 percent of total export in 2016.
86% | Palau is the most tourism-concentrated countries among small states
(International Monetary Fund, 2019)

5% Importance of subsistence production (farming, fishing, livestock, and
© | handicrafts) to rural houschold incomes

1.979 Number of individuals (15 years old+) who received income from
! crops, fish, livestock, or handicrafts (2014)

Number of individuals who received income from Social Security or
1,222 : K
Pensions (2014)

Environment-Reliant Employment
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Figure (above): Number of individuals occupied in sectors reliant on the environment,
including agticulture, forestry, fishing, mining, MNRET employees, Professional, Scien-
tific, and Technical individuals, and Accommodations and Restaurants (which are driven
by access to Palau’s environment). Graphed from BBP (2017 - Statistical Yearbook).
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CoraL REEFs

The Palan International Coral Reef Center (PLICRC) and the
Coral Reef Research Foundation (CRRF) kindly provided
most of the information in this section.

State of Coral Reefs

With the exception of areas on the East Coast,
shallow reefs are in good condition and improving,
80% of Palau’s reefs have a mesophotic (down to
150 m) component; this is introduced briefly (pages
11, 13, 15).

Pressures on Coral Reefs

Many of the pressures on coral reefs are
intense and getting worse. Global climate change
has immediate negative impacts on coral health;
impacts are projected to get worse. Current and
projected impacts from climate change are relatively
well studied and well understood. However, local

Photo © Shutterstock/NaniB

pressures (such as sedimentation rate and extent) are
not as well monitored.

Responses for Coral Reefs

Palau has responded well to the pressures
facing shallow coral reefs, and continues to improve
in its response. Continued investment in MPAs
(particularly the commitment by States to set aside
new MPAs), means that only lagoons and reef flats
are still poorly represented in Palau’s network of
MPAs. Most responses to local pressures have been
inadequate and should be improved, particularly
reducing sedimentation and overfishing of reef fish.

Palau’s good response to coral reef conservation
and protection should now be used to inform a
similar response to nearshore fisheries. Palau should
maintain existing coral reef efforts, but focus new
effort and attention on nearshore fisheries.

State: Condition
State: Trend
Pressures: Condition
Pressures: Trends

Responses: Trend + Grade

Coral Reefs: State, Pressure, Responses
Breakdown of ratings for Condition, Grade, and Trend

H Good
Fair
W Poor

= Unclear

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Footnotes for Indicator 1, Live Coral Cover (See next page).

! Gouezo et al. (2017).

% Notes on Trend: Trends were discussed in (Gouezo et al. 2017). Refer
also to Figures I1a-d showing live coral cover over time for each
location.

* Basis for Condition: The system for assigning a “Condition” (previously
called “Grade” in 2017) was developed for the 2017 State of the
Environment (SOE) Report, using data collected through PICRC’s
long-term coral reef monitoring program. Maximum coral cover

Palau State of the Environment Report 2019

within each habitat and depth was defined, based on when the coral
cover asymptote and carrying capacity was reached. For western
outer reefs at 10 m and inner reefs at 3 m: Very Poor (<10% cover),
Poor (10%<coral cover<20%), Fair (20%<coral cover <30%),
Good (30%<coral cover<50%), Very Good (> or = 50%). For all
other habitats and depths, Very Poor (<8% cover), Poor (8%<coral
cover<16%), Fair (16%<coral cover <24%), Good (25%<coral
cover<32%), Very Good (> or = 40%).

8

soE Indicator 1. Live Coral Cover

Most shallow coral reefs monitored by PICRC
are in good condition. With the exception of East-
ern Outer Reefs, shallow reefs have recovered well from eatlier
bleaching and typhoon events. Some areas of Eastern Outer
Reefs, damaged by typhoons in 2012 and 2013, are recover-
ing very slowly. Data used here went through 2016 and do not
reflect Tropical Storm Lan in October 2017. For shallow reefs,

damage from Tropical Storm Lan was limited to the west; with
relatively little damage and high remaining cover, a quick recov-
ery of shallow reefs is expected (Gouezo and Olsudong 2018;
See Indicator 9).

The reporting format has been changed, now assigning a
“Condition” rather than “Grade.” See explanatory text, previ-
ous page, bottom.

Inner Bay Reefs Western Outer Reefs
State! Trend? Condition? State! Trend? Condition?®
Depth % Cover 2002-2016 2016 Depth % Cover 2002-2016 2016
3m ~60% Stable Very Good 3m ~30% Good
10 m ~40% Stable Very Good 10m ~50% Very Good

Change (2017-2019)

Asymptote present towards maximum possible coverage; the
condition changed from Good to Very Good.
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Eastern Outer Reefs Patch Reefs
State! Trend? Condition® State! Trend? Condition?®
Depth % Cover 2002-2016 2016 Depth % Cover 2002-2016 2016
3m ~6% Stable Very Poor 3m 31% Increasing Good
10 m ~7% Slight increase Very Poor 10 m 24% increasing [N

Change (2017-2019)

At 10 m, reefs may show signs of recovery. Data since 2013 is
insufficient to identify a clear trend.
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At 10 m, cover increased from 17% to 24%, and the Condition
was changed from Poor to
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Figures I1a-d Live Coral Cover over time in different habitats and depths. Clockwise from top left: a) Inner Bay Reefs; b) Western Outer Reefs; c)
Eastern Outer Reefs; d) Patch Reefs. All figures and data from Gouezo et al. (2017).
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14:2:':' SOE Indicator 2. Benihic COVGI’
aad (non-Coral)

This is a new indicator. The presence of Macroal-
gae affects coral negatively by inhibiting coral settle-
ment, by overgrowth, and by competing with corals at
different life stages (from recruits to adult colonies).
In most locations macroalgal cover was low (Figure
12), but there was a small increase in macroalgae in the
Inner Reefs. The increase in macroalgal cover on In-
ner Reefs should be closely monitored and document-
ed. The increase could be due to natural processes,
but also could be impacted by the influx of nutrients
and sediment that comes with coastal development
(Gouezo et al. 2017). See Figure 12.

Trend?
2002-2016

State?

2016

®  Macroalgal cover quite low
(<12%) in most locations.

Increase in macroalgal cover on
Inner Reefs (but still below 10%).

®  Rubble and sand stable in Inner
and Western Outer reefs;

b Increased on Eastern Outer
Reefs following typhoons.

®  Highest in Patch Reefs (>50%).

Stable

SOE Indicator 3.

————
——

s S

Juvenile Coral Den-
sity  varies
Throughout time, trends

by location.

are non-linear. The pres-
ence of juvenile coral is
important to coral reef
recovery, and sites recover
faster if there is a high
density of juvenile corals.
This tends to occur where
algal cover is low, rugos-
ity is high, and substrate is
available. This indicator is
included both to assist in
prioritizing areas for man-
agement and to provide a
baseline for future changes
(Gouezo et al. 2017).

Figure 1I3. Juvenile coral
density over time in dif-
ferent habitats and depths.
From Gouezo et al. (2017).
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2 Notes on Trend: Trends
were  discussed  in
(Gouezo et al. 2017).
Refer also to Figure 12
showing benthic cover
over time for each loca-
tion and depth.

Major Banthic Groups
Oaher Inverts

Rubbe & Sand
Turf & CCA

Macroalgas
Corals

Figure I2. Mean cover of the major benthic category trends over time in different habitats and depths. Figure from Gouezo et al. (2017).
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SOE Indicator 4.

————
——

s S

~60% of sites had “High” Coral Cover, which is close to the defined expected pre-
bleaching value (pre-1998 when 64% of sites had “High” coral cover).

Coral cover is a measure of the proportion of reef surface covered by living coral in-
stead of other organisms or non-living elements. Coral cover is a good measute of general
reef health. In general, a healthy reef has a relatively high percentage of coral cover. How
a site’s coral cover is defined as “High” depends on capacity, which is often estimated from
historical conditions (such as here). A rapid shift away from coral domination—such as by
a reduction in the extent of sites with “High” cover—can be a sign of ecosystem stress
(http:/ /www.healthyreefs.org/cms/healthy-reef-indicators/ coral-covet/).

Reefs! with “High”? Coral Cover

b ~27% with “Medium” Cover

State® Change Trend* Condition®
2016 observations 2017-2019 2005-2016 2016
: ~60% with "High” Cover No change. Stable Good

®  ~13% of reefs “Severely
Degraded”

No change. Degraded
reefs slow to recovet.

Stable

' Of the total reefs surveyed in the main archipelago.

? “High” defined as having over 50% live coral cover. “Medium” defined as 25 to 50% and “Severely

Degraded” defined as less than 10% live coral cover.

? PICRC, unpublished data (2018).

* Notes on trend: In 2005 (post 1998 bleaching), 1 to 9% of sites had “High” coral cover (Golbuu et al.
2005). Pre-1998, 64% of sites had high coral cover (calculated from p. 10 table in Golbuu 2000).

® Basis for Condition: The current status relative to its past pre-1998 status (OceanHealthIndex.com).
Comparing current to past: Very Good = Current is at least 90% of past. Good = 75-90%. Fair
= 50-75%. Poor =10-50%. Very Poor = <10%. The current status, where 60% of reefs have high
coral cover, is close to the pre-1998 value where 64% of reefs had high coral cover.

Poor

SOE Ludicator 6. COral Genus Diversity

. Genus diversity at 3 and 10 meters increased as reefs
recovered from bleaching. A trend of increasing

SOE Indicator 5.
Coral
Disease

Currently coral disease is not a
major problem facing Palau’s
reefs. No coral diseases were
obsetved at PICRC’s moni-
toring sites in 2014 or 2016
(Gouezo, pers. comm. 2018).
Low levels of coral disease are
present in several areas. Some
areas have had significant in-
festations, particularly of Black
band disease, in the past. While
those areas may have recovered,
other areas are now affected
(Colin, pers. comm. 2019).

Condition?

Trend!

! Notes on trend: Consistent low lev-
els of disease in the past decade.

% Basis for Grade: See 2017 SOE. Pa-
lau has few coral diseases relative
to diseases on other Pacific reefs
(Aeby et al. 2011).

genus diversity is newly apparent on the Eastern Outer Reefs,
which are recovering from typhoons in 2012 and 2013.

ore 7 s Bt
State! Change Trend? Condition? .
121
Location 2014-2016 2013-2016 2016 ~ =k
f R e
Inner Reef No change. Stable Good a
Eastern Outer Reefs Increasing trend
Genus diversity still lower than | becoming apparent [EESIIGESTe Poor 18 o Dl
past high values at both depths. 12 L]
£ -
Western Outer Reefs . n £ 4. o —
Maimum diversity (22 genera) No change. Increasing Good E il | : - &
£z
Patch Réefs.. No change. Increasing Good £ 18 o s o
Lowest diversity (16 genera) E i P
Shallow Reefs It appears that most coral communities regained their :"i”. &= o -
Dominated (~75%) by Porites, | structute 10-12 years after the major bleaching events, 5 : ___’-"" —"
Acropora, and Montipora' with the exception of the Eastern Reefs. " o¥
1> .
Mesophotic Coral Reefs * Limited (>22 spp.). stony coral diversity. " [raw—
(40 m and deeper; steep) 52 spp. of gorgonians and soft coral. -]
Pers steep, 30-40 sponges; other invertebrates include the Nautilus. ’
o =
'Gouezo et al. (2017). . A
* Notes on Trend: See Figutre 16 (Gouezo et al. 2017). Genus diversity increased as reefs recov- (= sl ! i }
ered from disturbances (1998 bleaching; 2012-2013 Typhoons). Highest recorded generic 20T NN, I008-FOR) AND- SNY. A0 D

diversity recorded in time was 54 genera; no site currently has this level.

? Basis for Condition: Subjective, based on genera present compared to past high values; or pres-

ence of stability.

* Colin (2016b). 80% of Palau’s barrier and fringing reefs have a mesophotic component.
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Figure 16. Mean coral genera diversity

Tima [Years}

DM

(* SE) over time in different habitats and ® »
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depths. Figure from Gouezo et al. (2017).




PRESSURES ON CORAL REEFS

Overview of Pressures on Coral Reefs

Four (4) primary pressures and threats to coral reefs area addressed here, based on threats identified in the 2017 SOE.

Climate Change Overfishing Sedimentation from Damage from
(Daily cumnlative plus long- Indicator 12 land visitation
term impacts) See also Indicators 16-29 Indicator 13 (e.g. from snorkelers or boats)
Indicators 7-11 & 34 Indicator 14

=)
(]

Climate Change Pressures: Temperature and Bleaching

C [P Variability and rise in ocean water temperature

2019 Temperature
In March 2019 both shallow
and deeper waters had some of the
coolest water measured since 1999.
Shallow areas (~2-25 m deep) were well below
28° C, with daily means often around 27.5°C.
See the section on Bleaching; although in
March 2019 no bleaching was predicted, con-
ditions can shift dramatically from El Nifo
to La Nifia in just a few months (Colin, pers.
comm. 2019).

Long-term Temperature Change

Water temperatures throughout Palau
have been monitored closely by CRRF since
1999. The patterns of ocean water tempera-
ture at various depths since 1999 is shown
in Figure I7a. Shallow reef areas have com-
paratively stable temperatures, usually in the
range of 28-30° C. However, near the lower
limits of reef growth in Palau (at about 60
m depth) the variation over months to years
in temperature is vastly greater, with a range
of about 21 to 29°C. Just below the true reef
depths, at 90 m deep, temperatures dip into
the mid-teens for weeks to months, the low-
est temperature ever having been recorded at
that depth in Palau was 8.6° C back in 1999
(Colin 2018).

Figure I7a shows a simple straight line re-
gression for weekly mean water temperatures
since 1999 at three depths (15, 57, and 90 m).
These all indicate an upward trend in tem-
peratures of about 0.03°C per year (or 0.3°C
per decade, also see Colin 2018). This indica-
tion is consistent with the generalized world
increases in water temperature and show that

State' | Trend'
Depth 1999-2018

15m 0.03°C /yr Clearly Increasing

57 m 0.3°C /
90 m decade)

! Colin (2018)

Palau State of the Environment Report 2019

Palau is no exception to what is happening in the overall ocean. The trends for
deeper depths (57 and 90 m) are less certain, as the day to day and year to year
variation is much higher, hence these short term variations tend to overwhelm
the longer term when looking at a graphic presentation of the data (Colin 2018).

There have been significant increases in sea surface temperatures over the
20* Century in Palau (van Woesik et al. 2015; Figure I7b). Projections for all
emissions scenarios indicate that the annual average sea surface temperature will
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Figure 17a. Weekly mean water temperatures at various depths on the outer slope of Palau,
1999-2018. Deeper depths (57 and 90 m) have highly variable temperatures over both
short periods (min. to hours) and longer periods (weeks to months and years). The rec-
ognition of this variation and the occurrence of high temperatures to the deepest depths
of reefs has been a major discovery from this work by CRRFE. Figure from Colin (2018).

Spa surface temperaturs (*G)

Yoar

Figure I7b. Regression plot of sea surface temperature for Palau dating back from 1870
through to March 2015. The slope of the regression, or the rate of change in temperature,
was estimated at 0.0037° C per year. From Figure S2 in Van Woesik et al. (2015).
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Understanding variability in ocean temperatures

This information was kindly provided by CRRF.

The temperature of the ocean and lagoon around
Palau is one of the most critical environmental parameters
to track.

Water temperature is influenced by global conditions
(such as warming), global climate shifts, local short term

weather shifts, and major storm events (such as typhoons).

With so many factors operating at once, determining trends
in temperature data is difficult due to large variation in most
of these factors over multiple time scales.

Water temperature is very important for the health
of the shallow water marine environments of Palau, both
within the broad lagoons and along the outer steep slope
facing the deep ocean. The cycles of El Nifio and Ia Nifia,
collectively the El Nifio Southern Oscillation (ENSO), are
evident in ocean water temperatures, with high temperatures
occurring during I.a Nifia and lower temperatures during El
Nifio periods. The La Nifia high temperatures can induce
coral bleaching—loss of the symbiotic algae found in corals—
resulting in coral death at all depths where coral reefs

occur and shifts in dominant organisms in communities in
shallow areas. El Nifio low water temperatures are generally
good for most reefs in Palau, however the areas with deeper
reefs— below about 45 m (150 feet)—may become so cool
that coral there undergo a pootly known phenomenon
known as “cold water bleaching”. El Nifio can also induce
phytoplankton blooms in the open ocean at depths of 40-
60 m (Colin 2016a; Colin 2018) which is important for both
oceanic fisheries production and coral reef nutrition.

The mesophotic reef zone of Palau, from roughly 30
m (100 feet) depth to the bottom of the photic zone about
100 m (330 feet) is the most thermally dynamic region in
the tropical ocean. Temperature can change several degrees
C in minutes, due to internal waves along thermoclines
between layers of water, but also over weeks to months due
to ENSO conditions. Ocean water temperature also has a
close relationship with mean sea level (Indicator 8), higher
water temperatures (La Nifia) occurring with higher mean
sea levels, and low temperatures (El Nifio) associated with
low mean sea levels (Schramek et al. 2018; Colin 2018).

continue to increase. By 2030, under a very high emissions scenario, this increase
is projected to be 0.6-1.0°C (PACCSAP 2015).

Bleaching

In shallow water when temperatures exceed 30° C for days to weeks, coral
bleaching can occut.! Temperatutres have climbed above this level a number of
times since 2010, the last bleaching event of significance (Figure 17a). Most of
these excursions were short and did not produce significant bleaching, with these
occurrences in 2017-2018 (Figure 17¢) being followed by decreases that defused
the imminent bleaching. During most of 2017-2018 the ENSO conditions were
“neutral”’, meaning it was neither in El Nifio or La Nifia. At the end of 2018
water temperatures started decreasing again, similar to the 2015 El Nifio drop
(Figure 17a), coupled with a significant lowering of mean sea level (Indicator 8)

— 1115 mdupth
57 m deph
— 0 1 P

Weekly mean water temperatura®C

s i o o o o T T

2017 2018

Figure 17c. The two year trends of weekly water temperature show how at times the water
column is nearly the same temperature from the surface to 90 m depth (March-April 2018)
and can quickly switch to highly stratified temperatures (May 2018). The past two years
(2017-2018) have had only short periods of near surface temperatures above the nominal
30° C coral bleaching threshold. Such short excursions above that level do not usually
induce bleaching unless they persist for some weeks. Figure from Colin (2018).
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which accompanies El Nifio in Palau (Colin
2018). Highly variable water temperatures
at the deepest depths of reefs in Palau have
caused both warm-water and cold-water coral
bleaching (Colin and Lindfield 2019).

On average reefs took 9 to 12 years to re-
cover after the massive 1998 bleaching event
(Gouezo et al. 2019). Inner reefs either were
less impacted by the 1998 bleaching or recov-
ered faster, whereas outer reefs reached their
carrying capacity around 2009. Patch reefs
were heavily impacted by 1998 bleaching and
it is unsure if they are fully recovered (see In-
dicator 1) (Gouezo 2017).

Globally, one quarter of reefs are expect-
ed to bleach annually by 2040 (van Hooidonk
et al. 2013). No bleaching trend was indicated
for Palau in eatly 2019 (Figure 17d; NOAA
2019, SPC 2019).

! Nikko Bay has a temperature above 30° C almost
year round, because of poor flushing, yet areas
seem to be resilient to bleaching ( Yuen et al. 2018).

Figure 17d. 4-weck coral bleaching outlook for
Palau (Coral Reef Watch, 03/07/2019). Figure
modified from NOAA (2019).
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SOE Indicator 8. SeCI Level Rise

Palau has semidiurnal tides with a maximum
range of about 2.3 m on a single tidal cycle. Most

ranges are considerably less, with the average range
about 1.6 to 1.7 m. Global sea level is rising at about
3 mm a year, from both overall warming of the oceans (warmer
water expands) and melting of ice sheets held on land. Looking
at sea level in Palau since 1969, the first year reliable tide gauge
records are available, sea level has increased a bit less, roughly
2 mm a year. This does not mean that Palau has the sea rising
faster or slower than world averages, rather it is a product of sea
level variation month to month at a single location calculated
from decades of data with tens of thousands of measutements.
During the 2017-2018 period, sea level was lower than average,
and there have been no reports of damage to taro patches or
other coastal environments from rising tides during that time
(Colin, pers. comm. 2019).

It is certain, like the rest of the wotld, that Palau’s sea level
is rising at the global rate when _yearly rates are considered. Short term
variation (days to months) has much greater variability, and
temporary changes of as much as 650 mm in mean sea level
can occur in just a few months (Colin, unpublished data 2019).

The University of Hawaii Sea Level Center (UHSLC) pro-
duced valuable global maps showing trends in sea level over
both the last 10 and 20 years and since 1993, with versions
which show trends if general sea level rise is included or ig-
nored. Since 1993, sea level in Palau has increased by ap-

Sea level trends (1983-2017)

Climate Change Pressures: Changing Sea Level, Tides

proximately 9 mm/yr (Figure I8a from UHSLC 2019; 9
mm value from PACSAP 2015). Looking back further, analy-
sis of daily tidal data (1969-2014) showed an increase in sea
level of 2.87 mm/yr, consistent with the regional Pacific aver-
age tise of ~2.7 mm/yr and higher than the global average of
~1.8 mm /yr (1970-2008) (van Woesik et al. 2015). However,
there is variability depending on the time scale. For instance, sea
level in Palau has gone down about 8-10 mm per year if only
the ten years up to 2017 are considered (Figure 18b).

By 2030, under a very high emissions scenario, sea level rise
is projected to be in the range of 80-180 mm (PACSAP 2015).

van Woesik et al. (2015) found that Porites microatolls
from shallow reef flats in Palau are able to grow vertically at
pace with a 3 mm/year sea level rise, and lower parts of these
shallow microatolls are able to survive drops in sea level.

Colin (2016a) found that sea level drops that occur at
~5-year intervals from El Nifio can lead to mortality of some
corals. Identifying resilient corals under multiple scenarios is a
priority of the PAN.

Timeframe | State Trend

1969-2014 2! to 2.9 mm/yr Increasing
1993-2017 9 mm/yr Increasing
2008-2017 -8 to -10 mm/yr! Decteasing

! Colin, unpub. data (2019) * van Woesik et al. (2015) * PACSAP (2015)

Sea level trends (2008-2017)

Images from the University of Hawaii Sea Level Center (UHSCL, as of 2/26/2019, https://uhslc.soest.hawaii.edu/): “Trends were calculated using (1)
tide gauge data from the UHSLC Fast-Delivery database, and (2) Ssalto/Duacs altimeter products that were produced and distributed by the E.U. Coper-
nicus Marine and Environment Monitoring Service (CMEMS). The latter are identical to the products formerly distributed by Aviso.”

Palau State of the Environment Report 2019
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Damage by Depth

Typhoons and Tropical Storms can cause sig-
nificant damage to coral reefs (Figure 19a-b), varying
by site and depth. Some shallow reefs have had near
complete loss of live coral (see Table).

Some mesophotic reefs (30-150 m deep) have declined in
the past 20 years, due to the effects of storms causing rubble
to move downslope, combined with sedimentation from those
storms (Colin 2016b).

Recovery

Recovery varies by site and depth. At PICRC’s monitor-
ing sites, total coral cover has decreased 5-6% since Typhoons
Bopha and Haiyan, and remains low (Indicator 1). Some East-

Climate Change Pressures: Stronger Typhoons and Storms
SOE mdiaror 9. DAMage to coral from typhoons and tropical storms

ern sites (like Lighthouse Reef, which had very low coral cover
following Typhoon Bopha) have had notable recovery (see 3-4
year old Acropora Table Coral in Figure 19¢). Identifying and
protecting resilient reefs remains a priority of the PAN.

Storm Frequency

20 typhoon-strength storms passed within 200 nautical
miles of Palau between 1945 and 2013, averaging 1 typhoon
every 3 years (CRRF 2014). The closest point was most of-
ten Kayangel. Predictions are not clear on the expected future
frequency of typhoons. However, typhoons that do occur are
predicted to be of higher intensity, with an increase in wind
speed of 2-11% and an increase in rainfall intensity of ~20%
(PACCSAP 2015).

State (change in Live Coral Cover)

(PICRC survey 1 month after)’

Storm Inner Reef Eastern Outer Reef Western Outer Reef Patch Reef
3 m 10 m 3m 10 m 3 m 10 m 3 m 10 m
Typhoon Bopha, 2012 No change | No change | Decrease Decrease Decrease Decrease Increase Increase

51to 49% | 32to 33% | 30 to 5%

32t0 11% | 34to 27% | 56 to 50% | 29 to 43% | 14 to 20%

Typhoon Haiyan, 2013

(PICRC survey 6 months after)' No change

33 t0 32% | 5to 6%

No change | No change

Decrease No change | Increase Decrease No change
11 to 6% 27 t029% | 50 to 55% | 43 to 35% | 20 to 21%

Western Outer Reef
L]
Tropical Storm Lan, 2017

weeks (Figure 19¢).*

Decrease. 3 m: 34 to 19%; 10 7z 50 to 41%. Greatest impact at Ngemelis (See Figure 19b).”
®  Heavy damage in limited areas on western bartier reef, including at deeper depths (Figure 19d).’
®  Filamentous green algae bloom occurred ~10 days after Tropical Storm Lan, and persisted for ~6

!Gouezo et al. (2015)
2Gouezo and Olsudong (2017). PICRC surveys were 2-3 weceks aftet.
? Colin, pers. comm. (2019).
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Figure 19a. Western Outer Reef north of
Ulong Channel, before (#9p) and after (bottom)
Tropical Storm Lan. Copyright CRRF 2019. T

Figure I9b. Figure 19b. Barplot showing the
mean absolute change in coral cover at indi-
vidual sites at a) 3 m (#gp) and b) 10 m (bottom)
depth after Tropical Storm Lan. Figure from
Gouezo and Olsudong (2017).

Figure 19d (/f?). Damage on the Western
Outer Reef at 12-15 m following Tropical
Storm Lan in 2017. Copyright CRRF 2019.

* Similar blooms occurred elsewhere after Typhoons Bopha and Hai-
yan. Blooms have not been documented before, and are included
here as baseline. Colin, pers. comm. (2019).

g

Figure I9¢. 3 m deep Ligthouse Reef in
2018, showing recovery of tabulate Acrgpora

I. - _- after Typhoon Bopha. Copyrlght CRRF 2019.

Figure 19¢. Aerial view and underwater view
(insef) showing filamentous algae bloom fol-
lowing Tropical Storm Lan in 2017. Copyright
CRRF 2019.
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SOE Ludicator 10. NAAFiN@ Acidity

Since the 18th century, the level of ocean acidifi-
cation has been slowly increasing in Palau’s waters.

Acidity levels of sea waters in the Palau region will

continue to increase over the 21st century (PACCSAP 2015).
Many coral communities in the Rock Islands are acidifica-
tion-resistent due to chronic exposure. However, coral skeletal

Climate Change Pressures: Ocean Acidification

bioerosion rates increase as pH decreases, and bioerosion rates
will likely increase under future levels of acidification (Barkley
et al. 2015). For Palau’s pH-tolerant coral reefs to survive ocean
acidification, local management must reduce coastal threats—
such as excess nutrient loads—that can accelerate rates of bio-
erosion (Barkley et al. 2015).

State

Trend?®

2006’

20157 2006-2015

®  pH (all sites) average = 8.13

*  pH (outer reef) = 8.04
*  pH (Rock Islands) = 7.84

! Calculated from EQPB monthly data in Matino et al. (2008). *Bartkley et al. (2015).
? Notes on Trend- Increasing acidity decteases the viability of coral reefs. Given Palau’s dependence on coral reefs for fisheries and tourism, this is

defined here as an undesirable trend.

L ® X oF naanr 1. Rainfall Variability

Sedimentation from land, which is higher following intense
or high rainfall, especially after droughts, puts pressure on reefs.

Total annual rainfall appears to have increased by ~3 inch-
es (76mm) between 1948 and 2011 (PREL 2014). Confirming
the trend is difficult, because the data is very variable (Figure
I11a). Rainfall variability increased over the long-term (Figure
111Db). Rainfall during the wet season is projected to increase:
2% by 2030; ~4% by 2050; and ~8% by 2090, especially in the
wet season (PACCSAP 2015). Projections show extreme rain-
fall days are likely to occur more often and be more intense

State! Trend
1970-1972 2014-2016 1901-2016

Average monthly devia- | Average monthly devia-

tion from yearly average | tion from yeatly average

* 1970 = 28% * 2014 =36% Variability

* 1971=21% * 2015=36% e

*  1972=30% * 2016 =41%

! Calculated from Historical Monthly Rainfall Data 1901-2015 (The
World Bank Climate Change Knowledge Portal). 2016 monthly
rainfall from BBP (2019d).

Total Annual Rainfall, 1970-2016
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Figure I11a. Rainfall totals by year, with the average annual rainfall

Palau State of the Environment Report 2019

= Climate Change Pressures: Increasing Rainfall, Exireme weather

(PACCSAP 2015). However, the number of months with high-
er-than-average rainfall (defined here as 50% or more rainfall
than the monthly average) has decreased (Figure I11c). Climate
variables are monitored by NOAA, the Palau Weather Service,
and CRRE.

Rainfall Variability
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Figure I11b. The percent by which each individual month
rainfall deviates from that yeat’s 12-month average.

Number of months with high rainfall
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Figure I11c. Orange dots indicate the number of months in that

year with higher-than-average rainfall. This graph compares monthly
totals to the monthly average (e.g. each January total is compared to
the January 1970-2016 average), and shows the number of months
per year where the monthly total was 50% or greater than the average
monthly rainfall.
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Opverfishing from coral reefs is not monitored
directly; see Indicators 16-17 and 22-25 on reef fish.
Roff etal. (2018) noted that “Notionally herbivorous
fishes maintain a critical ecosystem function on coral reefs by

grazing algae and maintaining highly productive algal turf as-
semblages” and “Coral cover and total grazeable cover have
previously been correlated with herbivore biomass.” However,
Roff et al. (2018) also found that much about the Herbivore-
Reef relationship is unknown and unpredictable.

sOE Ldicator 12. QVeErfishing of herbivores from reefs

Bejarano et al. (2013) found ecological concerns associated
with heavy exploitation of six species of herbivores, most no-
tably Naso Unicornis (Chum), which has a “non-redundant” (e.g:
unique) role as a macroalgal browser. Table 112 lists these six
species, their ecological role on coral reefs, and the percent of
catch that was immature (a measure of overfishing) in 2009.

Roff et al. (2018) described the herbivore fishery as “light-
ly exploited” and “herbivore densities are still regionally high.”
Opverfishing may be limited to certain locations.

Table I12. Six heavily exploited herbivorous fishes in 2009 and their ecological role (Bejarano et al. 2013).

Species Name Palauan Name | English Name Ecological Role % immature
Naso unicornis Chum (Um) Bluespine unicornfish Macroalgal browser 40%
Hipposcarns longiceps Ngyaoch/Berkism Pacific longnose parrotfish Scaper/Small excavator 26%
Siganus punctatus Klsebuul Goldspotted rabbitfish Grazet/Detritivore 9%
Cetoscarus bicolor Beyadel/Ngesngis Spotted parrotfish Large excavatot/Bioeroder 21%
Scarus ruboviolacens Butiliang Redlip parrotfish Scaper/Small excavator 34%
Chlornrus microrhinos Otord Steephead parrotfish Large excavator 30%

SOE Indicator 13.
Sedimentation onto Reefs

Although sedimentation onto reefs is considered one of
the main pressures on coral reefs, it is not monitored and there
is very little quantitative information on sedimentation.

The 2017 State of the Environment Report reported that
the Siltation Rate on Babeldaob (Ngerikiil and Ngerdorch) in-
creased between 2003 and 2011, but there are no new similar
studies available to update the trend.

On Babeldaob, Golbuu et al. (2011) found that reef sedi-
mentation rate and reef turbidity increased strongly with in-
creasing numbers of earthmoving permits, concluding that
“land-based development activities have a direct impact on the
amount of sediment that goes into rivers and eventually ends
up on coral reefs. The amount of sediments being released into
the rivers and reefs on Babeldaob Island, Palau, depended on
the degree of development within adjacent watersheds.”

The number of Earthmoving permits issued continues to
increase, with most apparently on Babeldaob (Figure 113). 2018
had the highest number of earthmoving permits issued since
at least 2007 (316; see Indicator 88). Babeldaob soils are highly
erodable, and even permitted development projects have been
known to contribute to sedimentation onto reefs.

Total EQPB Earthmoving Permits
versus Koror Building Permits

300
250
200
150
100

50

2013 2014 2015 2016 2017 2018

m Koror Building Permits ™ EQPB Earthmoving Permits

Figure I13. It appears that much of Palau’s development is largely
outside Koror. Due to soil types and topography, earthmoving on
Babeldaob often leads to erosion and sedimentation downstream.

The threat of sedimentation also increases with increasing
rainfall and/or more intense rain events (see Indicator 11).

Soils and topography on Babeldaob, Koror, and other
island differ drastically from each other. Impacts from earth-
moving thus vary by location (e.g. sedimentation or chemical
pollution from stormwater runoff). Whether sediment damages
coral also varies with location.

SOE Idicaror 14. DAMaAge from Visitation

that density of coral fragments
was higher at visited sites in the Rock Is-
lands than non-visited sites (Figure 114;
Nestor et al. 2017, Otto et al. 2016). Visi-
tors were observed kicking, standing, and
touching the reef, plus feeding fish. Nestor
et al. (2017) concluded that snorkelers had
low overall impact on coral cover, which
remained high. However, this type of dam-
age can be chronic and adds up. Wabnitz
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numbers per site and year to 5000-7000,
noting that the threshold was currently be-
ing exceeded by a factor of 13. Poonian et
al. (2010) estimated 50,000 dives/year at
German Channel. Diver impact is thought

PICRC Researchers found et al. (2017) recommended reducing diver i
; I
ina

to be less than that of snotkelers.

State Condition

Visitation rates far

exceed recommended

faon-Yimited Lae inded My
Figure I114. Density of coral fragments at

visited and non-visited sites in the Rock
Islands. Figure from Nester et al. (2017).
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RESPONSES FOR CORAL REEFS

sOE mdiaror 15. P@rcentage of Reef in No-Take MPAs

This indicator only considers coral reefs that are
protected in No-Take zones IUCN Categories I to
IV); see Indicator 37 for all MPAs. Specific levels
of protection by habitat are compared to The Na-
ture Conservancy’s Ecoregional Assessment Thresholds (TNC
ERA 2007), which determined the minimum amount of reef

(by type) that needs to be protected to maintain ecological via-
bility. Thus, the total amount protected is not compared here to
the Convention of Biological Diversity’s (CBD) Aichi Biodiver-
sity Target 11 (Conservation of 10% of coastal and marine ar-
eas) or the Micronesia Challenge (MC, Effective Conservation
of 30% of nearshore marine environment); see Indicator 37.

®  Designation of Olterukl, Tuul, and Ngkesol-Ngerael as No-Take

State Change? Trend
Type 2017" | 2019 2017-2019
: :
Protected Reefs 14.0% | 19.6% Expansion of Olterukl and luul Increasing

11.2% 16.8%

Protected Reefs in the ¢  Expansion of the PAN to include Ngerchebal, plus the expanded

Increasing

Palau PAN and new areas of Olterukl, Tuul, and Ngkesol-Ngerael
Change State (and Grade?)
. % of habitat in No-Take % of habitat in No-Take
Reef habitat ERA Threshold Changé
“ef habita e e MPAs (2017 SOEf MPAs (2019)
Designation of Ngkesol-Ngeracl 16.5%
Outer Reef 40% afﬁ grt‘jkon Of TgresoiNgerac (Good; 115% to ERA
s flotare threshold)
50-60% . .
Channel Habitat (55% used for Designation of Ngkesol-Ngeracl
. as no-take
Grade calculations)
Designation of Ngkesol-Ngerael 16.8%
Back Reef 40% ghatio g« g (Poor; 42% to ERA
as no-take
threshold)
. 9.1% 13.3%
Ilglagtoon and Reef 40% Exj)znspn (;-f Oltc:ruklt alild Tuul, (Poot; 23% to ERA (Poor; 33% to ERA
s and desighation as no-take threshold) threshold)

! Data in the 2017 State of Environment (SOE) was taken from
Gouezo et al. (2010).

2 New MPAs containing reef were identified by PCS and TNC in
response to requests for information. TNC Palau provided area data
(unpublished 2019) that was used to update the table in Gouezo et al.
(2016) and calculate new percentages. Unlike in Gouezo et al. (2016),
lagoon and reef flats were combined in order to compare against
available TNC ERA Thresholds.

3 Following the 2017 SOE, this report uses The Nature Conservancy’s
Ecoregional Assessment (TNC ERA 2007) as the basis for protection
thresholds. Recommended protection thresholds in the TNC ERA

are specific to habitat types and consider ecosystem uniqueness and
viability. The TNC ERA (2007) thresholds are notably higher than
the Micronesia Challenge goal of “Effectively Conserving” 30%
of Palau’s nearshore marine environment. The 30% goal is based
on both environmental and social conditions and considers Palau’s
marine environment as a whole, without breaking out individual
habitats.

* Basis for Grade: Comparing curtrent to desired, based on protection
thresholds to ensure the long-term viability of the conservation
target, in TNC ERA (2007). Good = Current is at least 75% of
threshold. Fair = 50-75%. Poor =<50%.
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Overview of Responses and Gaps to Primary Pressures

Palau’s coral reefs are generally in good condition, and
trends are overwhelmingly positive (healthy/desirable). Of the
15 unique indicators (across habitat, depth, and location) as-
sessed for Condition, 67% were Good. Of the 18 unique indi-
cators with adequate information to see a trend, 83% showed
positive trends.

Coral reefs are by far the most understood and best man-
aged of Palau’s natural resources, and have been the focus of
significant investment by local, nonprofit, and international

entities for several decades. Although gaps exist, they reflect
evolving management, not lack of management.

Palau should maintain existing programs of supporting
State and community management of reefs, by providing ac-
cess to resources and technical expertise and through continued
training (offered by both the National Government and non-
profits). This SOE recommends that Palau should now take the
successes it has seen in coral reef management, and apply that
knowledge to nearshore fisheries management.

Pressure |Primary Responses

Key Gaps

Climate ®*  MPAs (particularly resilient areas)

*  Significant, extensive, and comprehensive

government, and government).

Change * Investment in management via PAN and by
other funding sources (grants, partnerships)

Research and Monitoring, by local, regional, and | ®  Spatial maps of resilient reefs vis-a-vis connectivity
international entities (academia, nonprofit, semi-

*  Few MPAs that protect Channels, Back Reef, and
Reef Flats (see Indicator 15)

®  Less understanding of mesophotic reefs (deeper
watet corals)

levels or thermal tolerance (PICRC work is ongo-
ing)
®  Methods for large-scale coral restoration

Overfishing on | ®  MPAs, plus training and PAN funding

Closures, Gear restrictions

®  Sustainable Tourism Framework

Reefs *  Regulations on Size limits, Seasonal and Species |®  Inadequate size or other regulations (Indicators

*  PNMS (and shift towards tuna consumption)
* Investment in Aquaculture (especially clams)

®  Sustainable Fisheries Partnerships (e.g. N. Reefs)

*  No regulations or targets for overall catch

35-36)

* Little fisheries monitoring

*  Continued export of nearshore fish and inverte-
brates (on passenger aircraft)

®  Terrestrial Conservation Areas
®  Best Practices in Agriculture

Earthmoving (e.g. Permit conditions).

Sedimentation | ®  Landscape Planning and Land Use Planning

*  Implementation of EQPB Regulations for

*  Number and extent of land use plans increasing
very slowly; no quotas or limits on earthmoving,

¢ Little erosion & sedimentation monitoring

*  Low funding and staff at EQPB to monitor and
enforce Permit conditions

*  Few incentives/disincentives to encoutrage eco-
friendly development and landscapes.

Damage from | ®  Tour Guide Training

Viisitation ®  Palau Pledge and educational outreach
*  Fees, fines, permits, and enforcement
*  Zoning and MPAs

* Implementation of Sustainable Tourism Policy

*  Few limits on visitation (e.g. number of visitors al-
lowed or regulated avoidance during low tide)
*  No regular monitoring

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

The 2017 SOE called for additional protections for
reefs. Now neatly 20% of Palau’s reefs are No-Take MPAs.

The 2017 SOE listed these as needs: reduced reef
fishing, land use planning, erosion control measures,
improved enforcement of MPAs, and some reef
rehabilitation. Some effort has been put into reducing reef
fishing. Lower consumption (by shifting to tuna) is now
encouraged through the PNMS and Sustainable Tourism
Framework.

Significant effort has been put into land use planning
by individual States, NGOs, and via the GEF5 project.
In 2018 Palau also started the 6-year GEF6 project on
island- and lagoon-wide landscape, seascape, and land use
planning;

19

A wealth of up-to-date information—including technical
reports and data—is available publicly on the CRRF and
PICRC websites.

Correction and Update
The 2017 SOE did not accurately portray available

bathymetry, and incorrectly su d that bathymetric
data is limited to project-based data at one institution.
Highly detailed SHOAL program charts (Airborne LIDAR
surveys) of all harbors, channels, and reef areas were done
in 2004 and published afterwards (Colin, pers. comm.
2019). Various other bathymetric data sets for Palau
can be found at https://maps.ngdc.noaa.gov/viewers/
bathymetry/.
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NEARSHORE FISHERIES

Information for this section was provided by many partners,
inclnding: PICRC, CRRE, Burean of Marine Resources
& MNRET, PALARIS, The Nature Conservancy, and
Conservation International. Additional information was
Sfound in published technical reports and journal articles.

State of Nearshore Fisheries

More than 100 species of fish and many invertebrate
species are fished for commercial or subsistence use.
There are no comprehensive indicators for all species.
With information on only 20 fish species and 4 types
of invertebrates, this Report acknowledges that
there are many unknowns and can only provide a
snapshot of various species at limited sites. For these
limited fish and invertebrate species, the majority of
Indicators 16-29 are in Fair to Poor condition, with
several declines. Where there is data, abundance and
size are low, or lower than expected. Some species
may be at risk of a population crash (possibly locally
just around Koror, or widespread). There are key
missing pieces of information, including fishing
yield, destination, and consumption. This missing
information thus limits responses.

A, Gu;m.,!

Pressures on Nearshore Fisheries

Pressures on Nearshore Fisheries come from
local stressors as well as changing environmental
conditions due to climate change. Where they are
understood, pressures appear to be getting worse.

Responses for Coral Reefs

Palau’s response to Nearshore Fisheries has been
inadequate. Investment in MPAs has yielded some
good results, but it is not enough. The majority of
reef fishery resources are not protected via MPAs
or rules and regulations, and there are key gaps in
knowledge that are essential for managing nearshore
fisheries. Alternatives, such as aquaculture and
offshore fisheries, are not yet functioning enough
to reduce pressure on nearshore fisheries, and may
not divert enough consumption to stop population
crashes. Palau’s National Government has invested
relatively little into managing Nearshore Fisheries; a
wide and disparate group of local and international
nonprofits, semi-government institutions, and
academia have taken on the responsibility but
with little coordination. Information on nearshore
fisheries is thus widespread and at times, conflicting,

State: Condition
State: Trend
Pressures: Condition

Pressures: Trends

Responses: Condition

Nearshore Fisheries: State, Pressure, Responses
Breakdown of ratings for Condition, Grade, and Trend

H Good
Fair
W Poor

Unclear

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%
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These findings from the PICRC Coral Reef Monitoring
SOYEW  program provide useful information on the status of food
L fush over time, however, this reef monitoring protocol was not

designed for the purpose of describing fisheries. PICRC bas
now implemented a monitoring program to accurately document food fish
status and trends over time (Gonezo et al. 2017). This data is included

L soE mdicator 16. ADUNAance of Commercially Important & Large Fish

2017 SOE, and to provide as comprehensive a snapshot as possible in the
Sace of limited data.

This indicator considers only a selected subset of near-
shore fish species. Numbers for several reef fish are lower than
expected and declining; however, the presence of high variabil-
ity within the samples and among years makes it difficult to

here to illustrate the body of information available, for comparison to the

accurately analyze these trends.

Change (2017-2019)

The abundance of fish decreased in every location and at every
depth between the two reporting periods (Figure 116).

As described above, the way the indicator is reported here has
changed. This better represents the natural variability. Note the State
column and the different scales used on the Y axes in Figure I116; outer
reefs still have higher abundance values than other habitats.

Although this indicator is not new, it has been changed in the way
it is presented and evaluated. The 2017 SOE assessed the indicator
across all locations and depths, which masked the unique character-
istics of individual sites. This reports maintains the unique data for
each location and depth. The 2017 SOE applied a subjective grade,
based on best knowledge, that indicated abundance values were very
low. This report instead uses a more repeatable method similar to that
used for Live Coral Cover and Biomass, by comparing observed to a
defined “expected” value.

! Actual fish abundance values above provided by PICRC (unpublished data
2018).

* Maximum from Figure I16.

? Notes on Trend: Based on long-term trends reported in Gouezo et al. (2017).

* Basis_for Grade: This sets the peak abundance observed in 2005 as the “ex-
pected” and compares observed to expected. Following the guidance for
Biomass, Good = >90% of expected; Fair = 50-89% of expected; Poor =
<50% of expected.

Figure I16 (right). Mean fish abundance per 100 m* (+ SE) through time
within each habitat and depth (Gouezo et al. 2017).
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State! Maximum? | Trend?® Condition*
2005)
Locati Depth b/ 100n7 ( 2005-2016 2016
veation P | b Hfish/ 10007
Poor
Inner Bay Reefs 3m 3.4 7.5 Stable o,
45% of expected
P
Inner Bay Reefs 10 m 2.7 8 Stable o ?or
34% of expected
. Poor
Western Outer Reefs 3m 6.9 16 Decreasing o
43% of expected
Western Outer Reefs 10 m 9.7 16 Decreasing _
Eastern Outer Reef 3 7.1 25 D i Foor
t t . ecreasin, .
Astern outer Reets o s 28% of expected
X Poor
Eastern Outer Reefs 10 m 7.2 33 Decreasing DR ol
22% of expected
Poor
Patch Reefs 3m 7.0 16 Stable .
44% of expected
Patch Reefs 10 m 4.7 7.5 Stable

2002 2004 2006 2008 2010 2012 2014 2016

Time
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TP sor 1.dicaror 17. BiOomass of Commercially Important and Large Fish

These findings from the PICRC Coral Reef Monitoring
SS{eN  program provide useful information on the status of food
L fish over time, however, this reef monitoring protocol was not

designed for the purpose of describing fisheries. PICRC has
now implemented a monitoring program fo accurately document food fish
status and trends over time (Gonezo et al. 2017). This data is included
bere to illustrate the body of information available, for comparison to the

2017 SOE, and to provide as comprehensive a snapshot as possible in the
Sace of limited data.

For these limited locations, this fisheries-independent in-
dicator provides evidence that fish biomass (which combines
number and size of fish observed) of Palau’s reef fish is lower
than expected.

State! Trend? Condition*,3
Location Depth 2016 2007-2016 2016
Exposed Reefs g/ n? kg/ hectare
Western Outer Reefs 3m 54.2 542 No clear trend
Good
Western Outer Reefs 10 m 78.5 785 No clear trend e,
110% of expected
Eastern Outer Reefs 3m 58.6 586 Decreasing
. Poor
Eastern Outer Reefs 10 m 22.8 228 Decreasing 20/ -
32% of expected
Inner Bay Reef 3 12,6 126 Stabl, Poor
finer bay Reets m ' 4 49% of expected
Inner Bay Reefs 10 m 16.7 167 Stable _
. Poor
Patch Reefs 3m 11.8 118 Decreasing 46% of expected
P
Patch Reefs 10 m 9.7 97 Decreasing 200/ ?Or
38% of expected

Change (2017-2019)

Between the reporting periods, biomass increased slightly
in several locations and depths, but continued to decline in
Patch reefs. Note that the biomass values in the 2017 SOE
were from 2016. The same data here are unique for location
and depth.

This indicator is presented here in a different format than
in the 2017 report. In the previous report, the Eastern and
Western Outer Reefs were combined into one “Exposed reefs”
indicator, and the Inner Bay and Patch Reefs were combined
into one “Sheltered reefs” indicator. The 2017 SOE Report
differentiated between protected and unprotected reefs. The
two-year interval between reports has not been enough time to
re-survey and re-analyze all MPAs in order to provide an overall
meta-analysis of biomass in MPAs. Data in this 2019 Report
were not combined across locations and depths, providing a
more complex but more accurate indication of trend and con-
dition of biomass.

* Gouezo et al. (2017) stress that the biomass thresholds
presented in MacNeil et al. (2015), which form the basis for
assigning a Condition here, are only applicable to Outer Reefs.
In the absence of other comparable thresholds, this report con-
tinues to use them to evaluate other habitats, for guidance only.

! Actual biomass values above provided by PICRC (unpublished data
2018).

2 Notes on Trend: Based on long-term trends reported in Gouezo et al.
(2017).

* Basis for Condition: As defined in the 2017 SOE: Pristine, unfished lo-
cations average 1000-1200 kg/ha; 900 kg/ha is when structure starts
to change; in most places 500 kg/ha is a threshold for functioning
reefs, and 100 kg/ha is a potential crash point (McClanahan et al.
2016, MacNeil et al. 2015, McClanahan et al. 2007). Harbourne et al.
(2016), on a study of Micronesia, defined a functionally intact reef as
having biomass that was >50% of potential biomass and a fully func-
tioning fish assemblage to be >90% of potential biomass. The 2017
SOE presented the values of biomass for Exposed and Sheltered
Reefs within MPAs, which were defined as the “expected” biomass
by location. Using Harbourne’s definitions and setting the MPA val-
ues as the expected biomass, these Conditions follow:

®  Outer Reefs: Setting the exposed reef MPA biomass of 714
kg/ha as “expected”: Good = >90% of exposed reef MPA;
Fair = 50-89% of exposed reef MPA; Poor = <50% of ex-
posed reef MPA.

¢  Inner and Patch Reefs: Setting the sheltered reef MPA biomass
of 258 kg/ha as “expected”: Good = >90% of sheltered reef
MPA; Fair = 50-89% of sheltered reef MPA; Poor = <50% of
sheltered reef MPA.

Figure I17 (next page). Mean fish biomass in g per m? (b) (+ SE) through time within each habitat and
depth. Note: for fish biomass, samples in 2009 wete excluded because of latge obsetver errors and/or no

Palau State of the Environment Report 2019

accurate size estimations were conducted.
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U SOE Indicator 18. TrOChUS

A spring 2016 Stock Assessment of trochus by BMR
and PICRC estimated the total population of trochus (from
Kayangel to Peleliu) at 1.8 million individuals. The density and percent-
age of population that was 3 inches or larger (legal size) was lower than
previously recorded in Palau and lower than near pristine locations
elsewhere (Gouezo et al. 2016b). Gouezo et al. (2016b) recommended
against allowing any harvest.

State’ Trend
1956 2002 | 2010 | 2016 | 2002-2016

Individuals/Hectare 600-800 961 281

>3 in ind/ha 341 162 Decreasing

% >3 in 70% 57.5%

! Gouezo et al. (2016b) citing McGowan (1957), Kitalong (2002), BMR (2010),
and Dolorosa et al. (2010)

SOE Indicator 19.
ﬁ Sea Cucumber Size

Pakoa et al. (2014) surveyed sea cucumbers in the field in
2012, and compared sizes to a 2007 survey.
®*  Molech: No clear change in mean size. Notable decrease in
frequency and fewer specimens in 2012 than in 2007.
®  Cherumrum and Bakelungal: No change in mean size.
* Ngimes: Increase in mean size.
®  Mermarch: Increase in mean size in Ngatpang, slight decrease

TN SOE Indicator 20.
4 Clams (on reefs)

Trends in clam (Tridacna crocea, T. maxima, T. squa-
mosa, . derasa, and T. gigas) density were found to be sig-
nificantly different among habitats and between depths
(Gouezo et al. 2017). There is insufficient information
to assign a Condition. See Figure 120a-d.

State! Trend
2010-2016

Inner reef
L]

Decreasing

Very low abundance at 10 m
Outer Reef West

Outer Reef East

b Greatest abundance in 2016;
dominated by <5 cm-size clams

Patch Reefs No Clear

®  Very low abundance (<1/100 m? Trend

Increasing

Increasing

Change (2017-2019)

The 2017 SOE collapsed data on Macroinver-
tebrates/Clams from all locations and reported that
clams were Declining, This 2019 SOE maintains the
unique data for each location, providing a more ac-
curate trend by location. The two years between the
two reporting periods was likely enough time for new
recruits, from a recruitment pulse following the 2012-
2013 typhoons, to grow large enough to be observed.

in Ngarchelong
! Gouezo et al. (2017).
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Numerous site and species indicators show that
Sea Cucumbers have populations and densities below
sustainable limits. The 2017 SOE report did not adequately
cover Sea Cucumbers, and relied on Pakoa et al. (2009) to
assign grades of Fair to Good for select species and locations.
However, Pakoa et al. (2009) was written several years before a
massive harvesting event in 2011, which depleted populations
below sustainable conditions in several locations. Golbuu et
al. (2012) found that Sea Cucumbers declined by 88% outside
Ngardmau’s Ngermasech MPA and by 21% inside Ngermasech
MPA (292 km? (due to illegal harvesting). Ngardmau’s
populations still had not recovered by 2014 (Rehm et al. 2014).
Pakoa et al. (2014) found drastic declines in Ngarchelong
and Ngatpang, with 87% and 97% respective declines of
Cherumrum in each location (Figure 121).

Sea cucumber stocks can be depleted rapidly because
of their sedentary behavior, late sexual maturation, density-
dependent reproduction traits and lengthy pelagic larval stages

TEW o naiaror 21. S€QA CUucumbers Stocks

(Gouezo et al. 2018-Teluleu). In the case of the Teluleu MPA,
Gouezo et al. (2018-Teluleu) suggests that its 0.54 km? size may
be too small to support the recovery of Sea Cucumbers. They
recommend both increasing the size and restocking;

Barr et al. (2016) recommended a minimum 10-year
recovery period (or until the population returned to 2009
status) before allowing any new harvest. Barr et al. (2016) also
recommended a more sustainable 5% harvest per year, rather
than a population-depleting harvest of 20% of the population
every three (3) years. This 5% regime would yield a total harvest
over time that was 13.6% higher than the 20%/3-year regime
does, thus making it the more economical and environmentally-
friendly choice (assuming no illegal harvesting in the MPA or
overharvesting, plus adequate monitoring and enforcement
systems). Pakoa et al. (2014) cautioned against opening sea
cucumber harvest in many States at once, and recommended
a system of rotating openings. They also recommended having
long periods of rest (no harvest) and short open seasons.

State

Trend Condition

Location/ S tndy Past population and/ or density

Most recent population and/ or density

Teluleu MPA, Peleliu! | ®  2012% ~1.4 individuals/50m?

Outside the MPA (Reference Site) ®  Fluctuate outside MPA, Steady
inside MPA
*  2015% ~0.1 individuals/50m? *  2018: ~0.3 ind/50m?(~1 ind/100m?)

No clear
trend

®  2018% ~2 individuals/100m?

) R S A e 2
Ngemai MPA, Ngiwal 2015% ~114 individuals/100m Slightly more outside the MPA Decreased
Ngardmau MPA - Density (ind/50 m?) 131 102 BB Increasing [[EAEN
(Ngermasech MPA . > :
and Ngerikerker Reference - Density (ind/50 m?) 99 12 [ Decreasing
Reference Site (open))® MPA - Total (individuals) 3269 2552 RGN Increasing _
Reference - Total (individuals) 2445 295 IKZY Decreasing
2007 20128
®  Ngimes (Stichopus vastus) = 17,445 | ®  Ngimes (Stichopus vastus) = 3592
Ngarchelong® ind/hectare® ind/hectare Decreased
¢  Cherumrum = Stable populations | ®  Cherumrum (Actinopyga spp.) =
with larger individuals’ 87% reduction from 2007
2007 20128
Ngatpang® ¢  Cherumrum = Stable populations | ®  Cherumrum (Actinopyga spp.) = Decreased Poot’
with larger individuals’ 97% reduction from 2007
Coral Reefs" 2016: < 2ind/ha (0.02 ind/100 m? No basis

& DO

a0

7o

L10G

Lo0d

Denpityind ha ]

~~
o
Z
T
o
Z
L
o
T
o
Z
T
%)
L
oc
L
L
2
™
N’
)
LLI
(274
LLI
L
2
Ll
LLI
(274
O
L
)
(24
<
LLI
Z
L.
O
LLI
-
<
o
)

L

w7 Jouy
Figure 121. Density of Cherumrum (Actinopyga spp.) for Ngarchelong
and Ngatpang for 2007 and 2012. (Figure 17 in Pakoa et al. 2014).
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' Gouezo et al. (2018-Teluleu).

?Estimated from Figure 7 in Gouezo et al. (2018-Teluleu).

3 A similar unpoached location in the Indian Ocean had a density of sea
cucumbers between 4 and 27 ind/100 m2 Following methods used for
biomass and reef fish abundance, Good = >90% of expected; Fair =
50-89% of expected; Poor = <50% of expected. The population in
Teluleu is less than 25% of this expected population. “There has been
no sign of recovery” in the MPA (for sea cucumbers).

*Gouezo et al. (2018-Ngemai).

’ Estimated from Figure 5 in Gouezo et al. (2018-Ngemai) plus text
reference for difference of “57 times higher”. The population in
Ngemai is less than 50% of expected (See ?).

®Rehm et al. (2014).

7See *. Ngardmau’s MPA is at 87% of its pre-harvest condition;
Reference site is at 6% of its pre-harvest condition.

8 Pakoa et al. (2014)

? Pakoa et al. (2009)

" PICRC Monitoring Sites (Gouezo et al. 2017).
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Overview: Fish Size Indicators (22-24), Limited sites & species

% Immature Fish | Size of Fish Caught | Spawning Potential Ratio (SPR)

alanan name ondition of Yo immature
Pal, Condit % 77

Ngyaoch/Berkism Poor

Keremlal Poor

Kedesau Poor

Udech Good

Melangmud Poor
Mechur Good

Erangel Good
Chum (Um) Good
Klesebuul (8. lineatus) Insufficient data

Klesebuul (8. punctatus) _

Trend in Size Canght
Increased
Decreased

No change
Increased®
No change
Decreased

Increased

Trend in SPR Condition of SPR

Increased? Poor

Decreased Poor
Increased? Poor
Decreased Poor

Decreased Poor

Decreased

Increased? Poor

Beyadel/Ngesngis Poor

Otord/Undoudungelel Poor

E—r—

ULl SOE Idiearor 22. PEYC@Nt immature fish caught

e This information is only for a few species and sites, and is
not conclusive for Palan’s entire Nearshore Fishery or all sites.
Landings in Koror in 2014 and 2015 included many fish
that were immature. The “Percent Immature” indicator does
not alone indicate overfishing or likelihood of population col-
lapse (see Indicators 23-24; SPR better indicates overfishing).
In the Northern Reefs, 18% of fish caught (for which
there was established Size of Maturity) were immature in 2015-
2016 (Lindfield et al. 2016). Management reduces the percent

of fish caught immature: in 2017 only 7% of Otord, 2 Melang-
mud, and 0 Keremlal were immature, according to records in
the Notrthern Reefs Fisheties Cooperative database.”

Bejarano et al. (2013) tracked percent immature fish caught
in 2009 for several species of interest; this was reported in the
2017 SOE. However, methods and understanding of size-at-
maturity have changed. The table below indicates percent of
fish caught immature, as reanalyzed and compared to Size at
Maturity (CRRE, unpublished data 2019, See !).

State (Koror)' Trend Condition?

Palanan name Species Name 1982-1984 | 1990-1991 | 2014-2015 1982-2015 2014/ 15 (Koror only)
Ngyaoch/Betkism Hipposcarus longiceps 66% 58% 48% Decreased Poor
Mechur Lethrinus xcanthochilus 30% 15% 17% Decreased ([
Keremlal Lutjanus gibbus 2% 5% 8% Increased Good
Chum (Um) Naso unicornis’ 5% 12% 6% No clear trend Good
Erangel Naso literatus’ 0% 0% 0% Stable Good
Melangmud Lethrinus olivaceons 26% 31% Inctreased
Besechamel Monotaxis grandoculis 25% 10% Decreased
Otord/Udoudungelel | Chlorurus microrhinos 29% 56% Increased Poor
Kedesau Lutjanus bobar 38% 78% Increased Poor
Udech Lethrinus obsoletus 49% 27% Decreased
Tiau (black) Plectropomus areolatns 17% 27% No clear trend
Ksau Epinephelus pohyphekadion 37% 14% No clear trend

!'These values were provided by CRRF for this report (Dr. Steven
Lindfield, unpublished 2019), by comparing original size data from
historical and recent studies to known Size at Maturity for species in
Palau (Prince et al. 2015).

2 Basis for Condition: Moote et al. (2015) calls “30% immature” the com-
mon reference value, and flags for concern species with >30% im-
mature catches). Poor > 40%; Fair = 10-40%. Good < 10% (few fish
caught immature).

? Size at matutity for Naso literatus and Naso unicornis combined estimate
from Guam and Pohnpei (Taylor et al. 2014).

*Uses the N. Reefs Fisheries Cooperative INRFC) database; August 19

25

to December 26, 2017 (unpublished). Sample sizes were small (9-10
of most species; 18 Melangmud; 65 Keremlal, 84 Otord). Data is self-
reported. Sizes of recorded Otord, Melangmud, and Keremlal were
cross-referenced with L. from Prince et al. (2015) to count if and
how many fish were below L (and thus defined immature).

5 This data must be considered in the context of other data. Moore et
al. (2015) did not record many immature Erangel being caught, but
did find that total mortality was more than double the recommended
maximum fishing mortality. (Regardless of size, too many Erangel
were being caught). Similarly, Moore et al. (2015) noted that mortality
rates of Chum were too high and thus it was likely overfished.
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% Calculated average using data from the Northern Reefs Fisheties Co-
operative (NRFC) database, with fish catches recorded from August
19 to December 26, 2017 (unpublished). One (1) single Ngyaoch/
Berkism was recorded at 337 mm. No sizes were recorded for the few
Erangel recorded. Prince et al. (2015) found that 60% of fish caught
in the Northern Reefs were immature.

* L, from Table 1 in Lindfield (2017). I, used as approximate size at
maturity.

* Much larger sample size in 1991, possible change in fishing practice.

® Troubling dectrease from 1991, despite increase from 1984.

Palau State of the Environment Report 2019

" Insufficient data.

# Kitalong (2017) in Rengiil et al. (2017).

? Moore et al. (2015) and Lindfield (2017) findings were similar for
Ngyaoch/Berkism and Klsebuul; but differed for Udech, Erangel,
and Chum (Um). Kitalong (2017) in Rengiil et al. (2017) highlighted
that the Marine Protection Act of 1994 had “resulted in fewer small,
immature fish being caught,” which is certainly true for some species.
However, the data is not clear on the exact impacts of the restriction
(and/or its compliance and enforcement).

26

2015, Koror' 2017, N. Reefs? &
Ngyaoch 28% 0.43%
Keremlal 19% 9%
Chum 10% 1.5%
Erangel 13% 0.28%

! From Table 2 in Lindfield (2016)
2 From the NRFC Database (unpublished 2018)

* Species are now restricted (seasonal or complete closures).

Figure 125. Top 18 fish caught and processed in Koror, using data from Table 2
in Lindfield (2016). 2014-2015 saw a shift towards more Ngyaoch, Keremlal, and
Bang; and fewer Mechur and Udech (plus shifts away from restricted species).

— TP OF 1dicator 23. Size Of Fish Caught TP sor: ndicator 2¢. SPAWNING Potential Ratio (SPR) of Fish Caught —
—
E ) = BN This information is only for a few species and sites, and is not vey form; more survey months; and use of stereo-video cam- This information is only for a few species and sites, and is the numbers of fish will continue to decline if management E
n DG conclusive for Palan’s entire Nearshore Fishery or all sites. era over manual methods to determine size) and thus it is used not conclusive for Palan’s entire Nearshore Fishery or all sites. is not imposed” (Kitalong in Rengiil et al. (2017), page 197). n
Z 14.4.1 Some species of fish are being caught too here. Thete are some differences in the data; differences may be Prince et al. (2015) and Lindfield (2017) analyzed Spawn- When SPR is below 20%, the population of a species of fish Z
W small: particularly Keremlal, Mechur, and Chum due to changes in the method or natural vatiability in what was ing Potential Ratio (SPR) which is a measure of how much re- will have trouble repopulating itself after being fished; the fish W
o (Um), (although size information must be consid- caught and processed in Koror in 2014 and 2015 (See ?). production potential remains in a population. (SPR of 100% stocks may collapse. o
T ered in relation to reproductive potential, see Indicator 24). For three species, there has been a critical drop in the av- means that a population is unfished; 0% means no reproductive These findings are limited to catches processed in Koror. T
Q Moote et al. (2015) surveyed 15 fishermen in 2014; 80% erage size of fish caught, and thus in spawning potential (e.g. potential (e.g. no males/females or no mature fish)). “If the Moore et al. (2015) found that the average furthest distance Q
1 petceived that fish size had decreased over the past five years. ability to replenish the population): Keremlal, Chum, and Me- spawning potential ratio is less than 20%, it suggests that there traveled to find fish (using the Happy Fish Market in Koror as 1
(7] The size of fish being caught varies by species, loca- chur. Other species have average caught sizes that indicate their is not enough teproductive capacity for stock to increase and reference) was 26.6 km (16.6 miles). (7]
E tion, time of year of study, and other variables. However, it population is already below the level needed to replenish itself. E
(a4 is clear that certain species are being caught before they be- Although many more species of fish wetre surveyed (over 30 State | Trend | Condition* oz
% come mature, putting the population at risk of not being able species), there was only adequate data at the three different time (Koror Only) %
to replenish itself. Lindfield (2017) compared data from 1982- periods to analyze size trends in the species here. . ;
. . . e Pal Scient, 1984-1991" | 2012> | 2015’ 1984-2015 Parentheses: Lindfield (2017
ﬂ 1984 (when thete was already fishing pressure), 1991-1992, and For most species, there is not enough data to assess life his- aranan rame - 76” yfic name - ; - . . arentheses: Lindfield (2017) ﬂ
L 2014-2015 to determine trends in the sizes of fish being caught ~ tory parameters (such as size at maturity). Thus it is not possible Ngyaoch/Berldsm Hipposcarus longieeps 13% S 2% oz Reeru piirl A L
g and processed in the Koror fish market. Moore et al. (2015) also to tell if other fish ate being fished as sustainable or unsustain- 4 . (Recruitment likely impaired) g
) measured sizes of fish caught, but Lindfield (2016) adjusted  able levels; and it is not possible to set a biologically relevant Keremlal Latjanus gibbus % 10% 2% iz e Po‘fr . o )
and improved the method (shortened, more fisher-friendly sur- size limit. (Critical drop. Needs intervention.)
L Kedesau Lujanus bohar 21% I L
| |
M State Trend Condition Udech Lethrinus obsoletus 14% 3% 18% Increased® Poor M
D - . B . ; (Recruitment likely impaired)
LLJ alanan Scientific name Average size of fish canght (mm) 1984-2015 L, Description from Lindfield (2017) d LLJ
I name Koror N Reels (Koror only) Melangmud Lethrinus olivaceons 10% _ Poor I
Mechur Lethrinus xanthochilus 32% 21% Decreased Poor
17 1 1 2
m 1984 1991 2015" | 2017 (Critical drop. Needs intervention.) m
— Ngya'och/ Hl‘bp oscars 284 295 306 Increased’ Erangel Naso literatus 32% 26% Decreased —
Ll Berkism longiceps’ Ll
m Keremlal Lutjanus gibbns 287 278 272 326 Obvious lack of l-arger ﬁ:s‘h i L Chum (Um) Nuso unicornis 40% 20% Deainssl Botse m
(N=65) Decreased 2015. Removal of large fish from (Critical drop. Needs intervention.)
m L-l ol haire repro ive B m
. :f;;i;m’ impaired reproductive Klsebuul Siganus lineatus 17% 19% Increased’ Poor
O S - . boren-a (Recruitment likely impaired) O
7 2 2 2 2 i 2 i i .
Udech Lez‘/m;z.m obsoletn. 59 46 58 No change Life hlftory not well understood Orord/Undoudungelel | Chlorurus microrhinos 1% Poor
I Erangel Naso literatus’ 241 242 240 No change® 205 if( )I;tlttl;icmg ht are large enough to Butilang o _— Poor I
m Mechur Lethrinus 372 392 377 426 eased’ KY/Ql F'ewer large fish caught. Decreased ' Figures 4a-4d in Lindfield (2017). ? These populations may be recovering (Lindfield 2017). m
z scanthochilns (N=17) lacinessie Sie s 1991, 2 From Table 2 in Prince et al. (2015). 4 Basis for Condition: SPR <25% (nearing 20% or below) = Poor. z
< Chum (Um) | Naso unicornis’ 421 395 388 414 7 o 363 Fewer large fish caught. “Declined <
Decreased’ 2 © .
LLl (N=9) severely in 2015.” SOE Indijcator 25. .. . LLl
Z Klsebuul Siganus lineatns’ 222 238 254 IV Rcduction in b(?th large fish anfi Com posiﬁon of thch CompOS|t|On of fish Caught, by year Z
Increased” small fish. Possibly more selective . . 40%
ncreased T B Y —— T he.r.e appear to be shifts in catch @ 35% w158
L. size (3 in) requirement of 1994, composition, but these are not well understood. 2 30% L.
O Ksau Epinephelus 369 4125 | Closed Figure 125 graphs the top 15 fish processed in E 25% 19901991 § O
Temekai olyphekadion season Increased’ - Koror, as presented in Lindfield (2017). Tracking £ 0% 2014-15 |
LLJ Tiau Plectrapomus 471 421 | Closed More larger fish in 1984, but smaller composition is important to observe secondary 5 LLJ
areolatus season sample size. impacts of restrictions, such as shifts towards <
i Meas Sigans fusceseons harvesting herbivores during the closed Grouper § i
< “ season (Bejarano et al. 2014). Composition varies <
h by location. h
m ! Average sizes taken from Figures 3a-3d in Lindfield (2017). 1991 may have been during aggregation. Top catches, Koror compared to N. Reefs m
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Ui KRy LLosell| SOE Indicator 27. L soF Indicator 29. CQtch per Unit Effort (CPUE)
. = ° ° - 5
———— .
N Total Nearshore Fish Harvest o Fisher Perceptions e | | | |
Fisher perception survevs have not been re. Catch per unit effort (CPUE) has increased over on the type of fish and the study. Catch increased for herbi-
) dls f P b Y d directl h time, indicating that fishers must put in more effort to catch the  vores during the closed Grouper season in 2009, possibly exac-

Thete ate no new estimates of total annual neacshore fish har- peated, so they cannot be compared directly to cac same amount of fish. There is plenty of variability, depending  erbating pressure on already overfished herbivore species.
vest, which is a major gap. The 2017 SOE gave total harvest a “Poor” other. But various surveys over the years of different
grade but it is not really possible to make an accurate assessment of populations suggest that increasingly more fishers are State Trend

iving difficulty in findi f fish. ; ; ;
total harvest becaus§ of th? lack of d?ta' Other ﬁshe.rles indicators percetving dithiedity in finding rect fis Type of fishing/ fisher Previous time period Recent/ Current time period Previous to Current time period
suggest that overfishing varies by location and by species.
. . 2,

The most recent estimate of total catch (Gillet 2016) used data Year State Hand-line fishing 1992': 3.49 kg/hr 281; ;g f %g tgﬁir Decreased (lower catch per effort)
from 2000. Estimated nearshore fishery harvest (for 2016) was 2,115 19% of fish d that th LT T 0 Re/ T

:  esti : 19911 0 Of women fishers said that there were 2014% 7.4 to 7.8 + 0.8 to 1.1 kg/hr
mettic tons/year. This estimate has been the same since 2000 be- fewer species of fish Speatfishing 1992': 8.5 kg /hr 015 06 e Decreased
cause there are no certain measurements of fishing take (Gillet 2016). 31, . : 7+ .06 kg/hr

) o of the fishers perceived that the 2
2002 . ) . . 2014% 3.7 £ 1.3 kg/hr No clear change
inshore fishery was being over-harvested Net & Seine fishing 1992": 5.1 kg/hr 5 . . S
Total Nearshore Harvest (Gillet 2016) Relative t0 when they started fishing: 95" 2015% 7 £ 2.2 kg/ht (higher or lower catch, high variability)
y . 0
Type Amount % 2011° said reefs were in worse condition; 90% said “Before” (unspecified)’ 2011-2014%6.1 kg/hr 107 Ibs/8 hours =
Reef and Seagrass—Subsistence 1250 mt/yr | 59% less fish; and 80% said smaller fish. Northern Reefs ~50 ke/hr " | 2015-20167: 4.3 individual fish/fisher/hour Decreased

2017% 4.2 kg/ht (avg, calculated)

Reef and Seagrass—Commercial 865 mt/yr | 41% 20144 73% of fishers said quantity of fish caught
has dectreased

Total 2,115 mt/yr 2009 O, Jy 2009 /.
/Y Trend Increase (1990s-2000s vs. 2010s) 25\4 arch (Grouper Open {;’] (Grouper Closed Increased (per fish)
) ) ren (higher % reporting difficulty) eason) eason) No clear change (weight)
Reef fish harvest increased drastically from the eatly 1990s: 250 - - Hetbi . 3.94 + 0.54 fish/fisher/hectare | 7.01 £ 1.17 fish/fisher/hectare
mt (1990), 450mt (1991), 554mt (1992) (Japan Overseas Fisheries ; %/[;/[tlt{he;(z)so él 9921)<1 N— z;[hodes et ial, 220(115 1) etbivores 3 b/ fshor/hectaze YV EE— Fishers targeted and caught more
; ; ; « . ,in Kit: t al. i i
Cooperatlot.l Foundatlor.l/FDAPIN 1994). FISh,?tOCI.{S were “moder ( o oons ) ooretal. { ) CPUE (fish/fisher/hectare) doubled for Chum; and increased for (SOOI i?;lsngrethe Grouper
ately to optimally exploited and not overfished” (Kitalong and Dal- ‘ Erangel and Ngyaoch/Berkism during the Grouper Closure LIS
zell 1994). By 2000 fish were being harvested at the rate of over 2000 TS SOE Indicator 28.
e
mt/yr. ) . ) o |nvel’febrdie HGI'VGS" ! Dalzell (1996). fishers in the Northern Reefs. Reported at “500 1bs/4-5 hours.”
An estimated 60% of tbe har.VCSt was ?Sed for subsistence pur- 2 Moore et al. (2015). ¢ Calculated using data from the Northern Reefs Fisheries Cooperative
poses, althf)ugh the proportion being sold directly to restaurants and During surveys of reef fish processed 3 Lindfield (2016). (NRFC) database (unpublished, 2018).
hotels has increased in recent years. through the main fish market in Koror, Lindfield * Ebiil Society, unpublished data (2017). Based on recollections of 7 Lindfield et al. (2016).
(2016) recorded sales of invertebrates that rep- long-time fishers in the Northern Reefs. 8 Bejarano et al. (2014).
Destination of Nearshore Harvests resented 1% of the total catch surveyed. These ® Ebiil Society, unpublished data (2017). Based on data collected from
Use Amount % amounts came from six (0) fishing trips (out of
g tip
Subsistence Use! 1250 mt/yr 59% 54 total fishing trips surveyed): e . T T,
? « 104 1bs - Lobster Overview: Coral Reef indicators compared to Reef Fish indicators
Sold to stores and fish market® 560 mt/yr 26%

* 50 Ibs - Giant Clam

(Portion of store and fish market (50% of that

sales to restaurants and hotels’) (280 me/yr) sold to stores) Pakoa et al. (2014) reported that subsistence Condition - Condition - Condition -
Sold ditectly to restaurants and hotels* 200 mt/yt 10% harvests of sea cucumbers have increased with Live Coral Cover Abundance Biomass
5 increasing population. Location Depth Indicator 1 Indicator 16 Indicator 17
Exported’ 105 mt/yr 5%
Average annual harvest of raw sea cucum- - Outer Reef 5 Coni Poor
Total 2,115 mt/yr bers (wet) was 11.3 tons from 1989-1998. 50% estern Duter Reels m 700 43% of expected

was for subsistence use, 48% commercial use,

. Good
! Gillet 2016. Kitalong & Dalzell (1994) estimated 500-1100 tons/yr, includ- and 2% exported for home use overseas. Com- Western Outer Reefs 10 m Very Good _ 110% of expected

ing non-reef fish, and Golbuu et al. (2005) estimated the average subsis- mercial fishing and export were banned in 1994. Poor
tence reef-fishery catch in Palau from 1985 to 2005 to be 1200 tons/yt. Between 2009 and May 2011, 27.3 tons of Eastern Outer Reefs 3m Very Poor 28% of excpected
% of expecte
j Calcumed‘ ' B ) . cucumbers were exported under an Aquaculture P P
" Reported in the 2017 SOE, using Ebiil Society (unpublished data, 2017) permit. Pakoa et al. (2014) reported this included Eastern Outer Reefs 10 m Very Poor o s
*BMR 2015 : 22% of expected 32% of expected

illegally harvested wild sea cucumbers.

Poor Poor
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. An open season from June to December Inner Bay Reefs 3m Very Good - e
The amount of fish being processed through the Koror fish 2011 resulted in the harvest of 10,638,675 indi- ’ 45% of expected 49% of expected

market has held steady: In 2014 Moore et al. (2015) recorded 11.84 . . Poor
tons of fish in August; in 2015 Lindfield (2016) measured 10.44 tons vidual pieces (1,160 tons (wep). 72.5 tons (dry) Tnner Bay Recfs 10m sy Graod _

i i 34% of expected
in June and 11.77 tons in July. were exported during the open season. This was o of exp

. . . . . a likely overharvest (see Indicator 21). Pakoa et . Poor Poor
There is also no single estimate of fish consumption. Hanich et . , Patch Reefs 3m Good ) . .

. al. (2014) maintain that Palau’s ban on export has 44% of expected 46% of expected
al. (2018) reported a per person consumption of 79 kg/petson/yeat.; . . -
Birkeland (2017) estimated 56 ke/person/year; Wabnitz et al. (2018) helped to prevent overexploiting of sca cucum- 15

/P yean bers, which are overharvested elsewhere. Molech Patch Reefs 10m 38% of expected

assumed 98 kg/person/year (given a range of estimates from 33 to
135 kg/person/year).

(Sandfish) and Bakelungal (Black Teatfish) are
globally endangered (EN on the Red List).
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PRESSURES ON NEARSHORE FISHERIES

Birkeland (2017) wrote: “Export from coral
reefs is not natural... Local consumption rather than
exportation is the natural process of the coral-reef ecosystem.
Coral-reef ecosystems naturally export only about 1% of their
gross primary productivity.... only about 10% is useful to hu-
mans (fisheties yield)” (p. 4). He continued “Palauans can prob-
ably sustain a subsistence reef fishery for themselves, especially
if they leave a substantial portion of the large individuals in the
targeted species” (p. 6).

Most export of reef fish has been banned. RPPL 9-50,
passed in 2015, allowed for the export of up to 50 pounds of

soE mdiaror 30. REEF Fishery Export (by passenger flight)

reef fish (duting their open season and of legal size, and caught
with legal gear) by persons traveling by passenger flights. The
amount of mostly personal export has been steady in recent
years, and is much lower than in previous years (the export of
live reef fish was banned in 2008; see Figure 130a).

However, existing passenger exports included tens of
thousands of fish from species that are in Poor to Fair condi-
tion for Spawning Potential (See Indicator 24 and Figure 130b).
Increased exports in 2016 may have been due to the Festival of
Pacific Arts and Palau’s National Election (BMR 2016).

Wabnitz et al. (2017) projected a 23% decline
in reef fish abundance over 20 years due to climate

change, even under a best case scenario (implement-
ing Best Practices in tourism and consumption); and
a 34% decline under current existing conditions (#5 from Table
2 in Wabnitz et al. 2017; Figure 130a).

Other studies predict reef fisheries will decline by 20%
(Bell et al. 2016) to as much as 50% (Barange et al. 2014) by 2050
due to climate change. Global models suggest that productivity
of fishery resources will decline by 6% (MacNeil et al. 2015),
caused by a 2% annual loss of coral cover (van Hooidonk et
al. 2007) and an average 4% reduction in primary productivity
(Sarmiento et al. 2004). Barange et al. (2014) predicted a 50%
or greater decline in phytoplankton productivity; they predicted
a 76% decline in total reef fish catch in Palau by 2050; 50% of
the decline will be due to climate change.

Reef fisheries declined in Palau after bleaching and ty-
phoon events and took longer than coral to recover. Ngerum-
kaol Channel, a well-protected MPA, has been surveyed repeat-
edly for coral cover: 1991 at 52% live coral cover, 1999 at 24%
(a loss of 53%), and 2006 and 2014 at 55%. In 1999 the abun-
dance of commercially important fish was 57 fish/150 m? (cal-
culated from Golbuu et al. 1999). In 2014 the site averaged 47
fish/150 m? (Gouezo et al. 2014); a possible a long-term decline
in reef fish there of 18%. Given that the site is well protected
as an MPA and live coral cover recovered, the decline is likely
not due to overfishing but instead to the long-term effects of
coral mortality in 1998, and the significant lag time it takes for

Climate Change Pressures: Acidification, Ocean Temperatures
soE ldieator 31. D@Clining Reef Fishery Productivity

fishery resources to recover. (See also Indicators 1, 16, 17 and
Overview Table on p. 29). (Reef fish consumption is also partly
responsible.)

Harborne (2016) mapped standing stock (biomass; Figure
131b) around Palau and compared the findings to fishing pres-
sure (Figure I31c) and to potential standing stock in the absence
of fishing (Figure 131d), finding:

*  Tishing pressure was similar on western and eastern reefs.
*  Despite similar fishing pressure, eastern reefs have lower
standing stock (which was expected given the lower Live

Coral Cover values due to typhoon damage).

* Removing fishing pressure nationwide would still yield
lower standing stock on the eastern reefs, showing the ef-
fects of long-lasting climate impacts.
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Figure I31a. Predicted reef fish abundance over time at current con-
ditions (bottom) and under Best Practices (top line); climate change
influences both. From Figure 6 in Wabnitz et al. (2017), p. 7).

State Trend/Grade’
Type of excport/ Early 2015-2017
. 20117 2015 2016 2017
Fish Exported 20005’

Total export (mt/yt) 400 213 103 121.2 97.4¢ No cleat trend
Commercial (mt/yr) 11.2 13.1 11.2¢ No cleat trend
Personal (mt/yr) 87.3 97 86.13° No clear trend

Erangel (no. of fish/yr) 20,205° 18,420°

Bl Poor (Decreasing size and SPR
5 5

Keremlal (no- of fish/yr) 15,344 12959 trends; Poor SPR condition)

Kedesau (no. of fish/y) 850° B8 Fair (Fair SPR condition)

Melangmud (no. of fish/yr) 4,330° 2,364° Poor (Poor SPR condition)

Invertebrates (non-commercial) ~35,000° ~42,000* No basis

' FAO (2009) 5 Raw data from BMR’ database on exports (unpublished data,
2 Rhodes et al. (2011) in Gillet (2016). 2019).
S BMR (2015) ¢ BMR (2017)
* BMR (2016) 7 Grade follows that of Indicator 23 (Size) and Indicator 24 (Spawn-
ing Potential Ratio, SPR).
Reef fish exports (mt/yr) Number of fish exported (certain species)
450 25,000

T 400 &

< 350 N\, Tg 20,000

= 300 g

£ AN 2 15,000

§ 250 N s

% 200 b

% oo N § 10,000

% 100 \@— £ 5000

= : N

0 B . :
Early 2000s 2011 2015 2016 2017 Erangel Keremlal Kedesau Melangmud
=¢=Total export =fll=Commercial ==k=Personal W 2016 m2017

Figure I30a-b. a) Exports (mt/yr) over time. b) Number of fish exported for certain at-risk species.
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Figure I31b 5. Map of predicted current
standing stock of 19 key fish species (Har-
borne 2016).

31

Fishing Pressurs (0-1)

Figure I31c. Map of predicted relative fishing
pressure around Palau. On a scale of 0 to 1,0
is the lowest fishing pressure in the Microne-
sia region and 1 is the highest fishing pres-
sure in the region (Harborne 2016).
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Figure 131d. Map of predicted potential stand-
ing stock of 19 key fish species if there was
zero fishing (Harborne 2016).
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14 Eimu This information was presented in the 2017
=] SOE, but is presented here again with more detail

e and analysis.

Seagrass habitats have been monitored as part
of PICRC’s monitoring program since 2011. Data from this
period show a striking impact from Climate Change. In all four
sites that ate monitored annually, seagrass cover declined in
2012 and 2013 by 30 to 50% from their 2011 level (Mereb et al.
2016); this was likely a direct impact of Typhoons Bopha and
Haiyan. Seagrasses recovered slowly after 2013, but in 2015 had
not yet reached their pre-Typhoon Cover (Figure 132a).
Seagrasses are highly vulnerable to changes in Sea Surface
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Figure I32a. Seagrass Cover over time (£SE) at 4 MPAs and reference sites (Mereb et al. 2016).

FLL B Aond FLLL]

‘= Climate Change Pressures: Stronger Typhoons and Storms
L ® X ok i 2. Declining Seagrass Cover and Fishery Resources

Temperature, Solar Radiation, Stronger typhoons and storms,
and changes in rainfall. Seagrass extent is expected to dectease
by <5 to 20% by 2035 (Bell et al. 2011).

Fishery biomass and abundance (including fish, Rabbitfish,
sea cucumbers, clams, urchins, and trochus) show varying pos-
sible impacts from climate change. Fish biomass declined in all
sites between 2011 and 2015 (Figutre 132b), and fish abundance
declined between 2011 and 2014. Macroinvertebrate biomass
has been consistently low (0.7 to 4.5 invertebrates per 100
square meters). Biomass declined both inside and outside MPAs
(Figure 132b), suggesting climate impacts; but declines were
greater in unprotected areas, suggesting non-climate drivers.

e

—— Mprcersk_NI

S SOE Indicator 33.
+ Degraded
Marine

Habitats

Total extent of habitat

degradation and its impact on
fishery resources, is unknown.
g TR See Indicator 12.
. Gouezo et al. (2015)
found an increase in juvenile
fish abundance and a decrease
in large parrotfish on eastern
outer reefs after typhoon dis-
turbance.

Golbuu et al. (2003)
found that sediment from
land was responsible for coral
e i death; management of fishery
resources must consider accu-
mulating sediment.

T SOE Indicator 34.

i iy

= Overfishing

There is no simple answer to the question “How much
and where are Palau’s reef fish being overfished?”

Wabnitz et al. (2017) predicted tourism revenue and
fishery status over the next 20 years, and found that the best
outcomes would occur when tourist consumption of reef
fish was reduced by 75% and local Palauans’ consumption

reduced by 30% (Table 134).

Table I34. Suggested change in consumption of reef
fish under Best Practice scenario to maximize revenue

Type of consumption Reduced consumption under
Best Practice Scenario

Tourist consumption 75%

Local Palauan consumption 30%

Hanich et al. (2017) and Birkeland (2017) analyzed pri-
mary production and determined that the fishery resources
being produced by Palau’s coral reefs should meet future local
subsistence needs.

However, most nearshore fishery indicators (14, 16-28)
suggest that certain species have been overfished to the point
that their reproductive potential has declined, with some spe-
cies at risk of a population crash.

Fishing pressure on deeper reef environments (meso-
photic reefs between 30-150 m) has intensified and overfish-
ing has taken a toll. There are still significant stocks of fishes
found there, but this may not persist in the future (Lindfield
2017; Colin and Lindfield 2019).

The majority of research has been done on fishery land-
ings in Korot'. A researcher with TNC summarized initial
findings from ongoing work using 2017 fish market data:

“It seems like overall the fishery is doing not too bad

... but clear signs of over-exploitation are evident. First

catches of most dominant species are dominated by

smaller individuals, suggesting compromised stocks and

1 S
———

e

SOE Indicator 35.
Gaps in knowledge, laws,
regulations & investment

There are significant gaps in knowledge that limit the
application of regulations and responses:

Little understanding of total harvest, sources,
uses, destinations, and consumption.

Little minimum and maximum size information
(e.g. for only 12 out of 100+ species).

Little specific seasonality information for species,
thus few seasonal restrictions.

No catch limits (or even estimates).

Invertebrates are studied minimally.

Little study outside Koror and Northern Reefs.

Adapting to change in fisheries has been slow; instead,
there has been increasing fishing pressure in the face of de-

creasing resources, with little consideration of climate change.

Wabnitz et al. (2017) called for better enforcement
in MPAs, especially remote ones, and Carlisle and Gruby
(2018) found a high degree of compliance with MPAs and
gear restrictions in the Northern Reefs, but also a high de-
gree of non-compliance with species-specific laws. They
also found that despite at least six overlapping decision-
making “centers” in the Northern Reefs, their overall ca-

pacity for enforcement is weak.

Fishery resources appear to be undervalued (see Pakoa
et al. (2014) discussion on sea cucumbers) and thus Fisher-
ies tax and fee policies may favor overfishing.

Earthmoving and development policies are inadequate

to stop sedimentation into fishery habitats.

The National Government’s own entity for managing
reef fisheries, the Bureau of Marine Resources (BMR), has
limited capacity for such work (both financially and in terms
of expertise). BMR conducts daily export surveys but does
not conduct other regular reef fishery monitoring; research

studies are ad hoc and usually with other organizations.
CEA (2016) determined Palau has “considerable un-
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'™ T o . ongoing density-dependence responses to fishing. Sec- der-investment in fisheries management. Compared to the
ol Myt 4 w s In experiments, Wenger d th be cl hical loitati . . .
g oo et i Va1 et al. (2014) found that reef ong, there seem to be clear geographical exploitation global best practice of fisheries management accounting for
§ fish .larval develobment fime gradients, with fishers almost exclusively traveling to the roughly 6% of a country’s fisheries value, the total fisheties
LA = . b 0 far barrier reef to meet market demand, suggesting more budget in Palau is only 2.8%. The coastal fisheries budget
) increased by at least 9% under ised stock P h lated island of . . : » ,
‘E ) xg 2 sedimentation reeime. which compromised stocks at reets near the populated island o is 2.7% of coastal fisheries value in Palau” (p. 35). BMR’s
a = | o T ' . . &ime, . Koror.” (Javier Cuetos-Bueno, pets. comm., Jan. 2019). annual budget of $550,000-$673,000 is supposed to cover
E o | | r could negatively impact survi- A .
5 . il I ) hio in the wild reef fisheries, offshore fisheries, and aquaculture.
ﬁ ) l I e il I][h. _1'] l'-_-' ] VOrship 1 the Wi Prince et al. (2015), in trying to determine Size at Matu- The majotity of work being done on reef fisheries is
) . i mine mete | d =k | _§ == rity of fish in the Northern Reefs, noted that “in practice we being driven and financed by NGOs (national and interna-
3 . " L I . o 3 found fully mature size classes difficult to sample because they tional). Carlisle and Gruby (2018) concluded that NGO in-
E e ——— o B have become rare in Palau” (p.55). Catlisle and Gruby (2018) fluence on Fishery Policy has enabled governance to adapt,
e M o e wrote: “Targeted fish populations in the Northern Reef have but also write that NGOs are sometimes seen as controlling,
B been dwindling for what many believe to be decades. Most
= : : . 2
5 ™ 5000 agree that overfishing is a primary cause” (p. 224). Tpe Gaps
E’ Managers will need to assess by species and by location. . - = ;
L | — | I IENisnrtitl oWl ‘Total harvest; Sizes and maturity; Inverte-
E — J’- o ! Wabnitz et al. (2017), cited an estimate that 30-50% of reef fish it L(t)ca-tlons OUtSldé I\o'ror ard M, fesis
: i 1 ] l landed in Koror are now being taken from the Northern Reefs (cit- Laws Investment in Coastal Fisheries; Taxes and
z p .:_ il - o = e e ok 2 ing an unpublished TNC report by Gleason et al. 2014). Fees
- - o " s o iz o e sl Regulations Enforcement of MPAs and Species restric-
Figure I32b. Fish biomass in seagrass over time at 4 MPAs and reference sites (Mereb et al. 2016). tions; Minimizing sedimentation
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sok Ldieator 36. EXt@nt of sustainable fisheries regulations

There are few laws and regulations in place to en- dressing other depleted species.
sure sustainable fisheries beyond those for MPAs Of the fish and invertebrate species targeted for commer-
and gear restrictions. Few nearshore species have cial and sustainable use, at least 79% of fish species and 75%
any seasonal, size, or harvest restrictions. There are of invertebrate types have at least one indicator showing signs
no laws addressing sustainable population size and catch limits. of depletion among Indicators 18-28; whereas only 26% of fish

The law on Maml and Kemedukl specifically addressed these and 25% of invertebrates types benefit from multiple restric-
two depleted species, but there is no legal mechanism for ad- tions, laws, and regulations.

State (Number and Percent Regulated) and Grade'!

TDype of Fishery | Species or Types with 0, 1, or Gear Seasonal Complete
2 signs of depletion’ restrictions | closure, Limited | closure

2+ L NI open period

Number under
multiple
regulations’

Top fish species 5 2 19 species 3° 2
(19 fish species) 26% | 11% 100% 16% 11%
Macro-Inverte- 0 1 1 4 types

brates (4 types)® 25% | 25% 100%

! Grade follows general colot scheme in SOE. Basis for Grade: Good information or the species was not assessed.
= 90% or above; Fair = 50-90%; Poor = below 50%. 3 Does not consider 3-inch minimum size net.

* Counts based on the table below showing number and type of *E.g., at least 2 regulations (at least one other restriction, law, ot regu-
restrictions per species or type. 0 means there are 0 indicators lation that is species- or type-specific, beyond gear restrictions).
that were Poor or Fair. 1 and 2 mean the species has 1, 2, or more > Fish species export bans only apply during the closed season.
indicators that were Poor or Fair. NI means there was not enough ¢ 4 types: Sea Cucumbets, Trochus, Clams, Crabs/Lobstets.

State! Grade?

Palanan name Scientific name # Signs of Type of additional restriction (beyond gear)

depletion’
Kemedukl Bolbometopon muricatum Complete closure Good
Beyadel/Ngesngis Cetoscarus bicolor No additional restrictions Poor
Maml Cheilinus undnlatus Complete closure Good
Otord/Undoudungelel | Chlorurus microrbinos No additional restrictions Poor
Bang Parupenens barberinus No additional restrictions Poor
Ksau Temekai Epinephelus polyphekadion Seasonal closure, Size limit, Closed season export ban Good
Ngyaoch/Berkism Hipposcarns longiceps No additional restrictions Poor
Udech Lethrinus obsoletus 1 No additional restrictions Poor
Melangmud Lethrinus olivaceous 1 No additional restrictions Poor
Mechur Lethrinus xanthochilus No additional restrictions Poor
Kedesau Lutjanus bobar No additional restrictions Poor
Keremlal Lutjanus gibbus No additional restrictions Poor
Erangel Naso literatus No additional restrictions Poor
Chum (Um) Naso unicornis No additional restrictions Poor
Tiau Plectroponmus areolatus 1 Seasonal closure, Size limit, Closed season export ban Good
Butilang Scarus ruboviolacens 1 No additional restrictions Poor
Meas Siganus fuscescens 1 Seasonal closure, Closed season export ban _
Klesebuul Siganus lineatus 1 No additional restrictions Pootr
Klesebuul Siganus punctatus 1 No additional restrictions Poor
Sea Cucumber _ Export ban
Trochus 1 Limited harvest period, Size limit
Clams 1 Export ban
Crabs and Lobsters _ Size limit

! Compared against Palau Domestic Fishing Laws 2012 and RPPL * Total number of Poor or Fair indicators for the species or type,

9-50 (2015 Amendment). among Indicators 18-28. Most indicators were Poor. NI means those
% Basis for Grade: Good = Complete closure or 3+ restrictions; Fair = species that were not assessed or have no information (e.g. complete
1-2 restrictions %; Poor = No additional restrictions. ban on Maml and Kemedukl means no fisheries-dependent data).
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Ll sor dianr 7. Coverage of Protected Areas in relation to marine area

) = This indicator considers all nearshore marine ar-
SDG eas, including mangroves, reefs, seagrass beds, and
14.51 other nearshore habitats. Indicator 15 only consid-
ered coral reefs. There are significant differences

in estimated area between the 2017 and 2019 SOE reports.
In particular, PALARIS has updated records to include actual
measurements of mangrove, whereas previous reports used
estimates (e.g. the 2015 PAN Report). Thus it is hard to tell
what the effect from mangroves is. Otherwise, protected area

coverage of nearshore marine areas, both as restricted no-take
zones and as community-managed zones, continues to increase.
However, much of Palau’s marine protected area is lagoon (in-
cluding less productive rubble or sand habitats).

Extent of MPAs has increased. In 2015 there was 1,331 km?
of nearshore marine area under some sort of management,
compared to 1,959 km? now. In 2014 thete were 35 MPAs, now
there are 47 (Figure 137); in 2015, 23 were in PAN, with 25 in
PAN now.

State? Grade
Total ) .
Type kni ﬂaz‘z'aanZ/i n % ## sites 2019° Compared to:
Total nearshore matine managed area (above 100m)’ 1,959 km? 2,868 km? 68% | 47° Good
TNC ERA, 40%
Nearshore marine managed atea (non-mangtove)® 1,943 km? 2,822 km? 69% ? Good
Managed mangrove area 165km? | 49.9km? | 33% | 16 | 00| Metz (2000), 75%
Total No-Take Marine Protected Area® 413 km? 2,868 km? 14% 27 Good Aichi #11, 10%
No-Take Nearshore MPA (non-mangtove) 409 km? 2,822 km? 14% Good Aichi #11, 10%
No-Take Mangrove MPA 3.9 km? 49.9 km? 8% 9 Pootr” 27%) [YIGREIZY
No-Take Coral Reef (Indicator 15)° 393km? | 2009km? | 19%| 25 [ 000 | TNCERA,40%
Total nearshore area in PAN (above 100m) 1,217 km? 2,868 km? 42% | 25% Good
Nearshore area in PAN (non-mangrove) 1,214 km? 5822 kim? 43% Good Micronesia
, m
No-Take Nearshore MPA in PAN 362 km? 13% | | Challenge MO),
Mangtove area in PAN 3.8 km? 7.6% 10 Poor (25%) 30%
49.9 km?”
No-Take Mangrove area in PAN 3.3 km? 6.6% 6 Poor (22%)

! All nearshore marine protected areas above 100 meters depth,
under any form of officially designated protected area status
or management regime; includes sustainable use areas in the
Northern Reefs (including Velasco), the Rock Island Southern
Lagoon, and elsewhere. Includes IUCN Category VI areas.

? Includes lagoon, coral reef, seagrass, and other nearshore ma-
rine areas, but does not include mangroves.

? Designated as No-Take or as IUCN Categorties Ia, Ib, 1L, III,
or IV.

* Protected area coverage provided by PALARIS (unpublished
data 2019) and adjusted to remove redundancy (e.g. so Ebiil
is not counted twice as a No-Take zone and as a part of the
Northern Reefs managed area). Total mangrove area also pro-
vided by PALARIS (adding protected plus non-protected to
get total). Total nearshore marine area (non-mangrove) pro-
vided by TNC (2016) to include all area above 100 meters.

5 See Indicator 15. Here all reef types have been combined and
compared against the lowest ERA Threshold (40%).

¢ Basis for Grade: Compating cutrent to target or goal. Good =
>75%. Fair = 40-75%. Poor =<40%.

" Tatgets for mangroves vary, and the most consetvative one is
used here. TNC ERA recommended a protection threshold
of 90%, Metz (2000) recommended 75% protection, and the
Micronesia Challenge recommends effective conservation of
30%. With 33% of mangroves under some form of manage-
ment, Palau is 44% of the way to the Metz target.

8 There is some redundancy in this number, as it includes No-
Take MPAs within larger managed areas. It is better thought
of as “number of designations”

? Many sites have mixed habitats.

1022 of the 25 sites in PAN ate no-take (includes mangrove

and non-mangrove habitats).

35

Figure I37. Map of protected areas in Palau (2019).
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SDG Effectiveness is influenced by size, shape, age,
14.5.1 movement of individual species, and level of pro-
tection, and “Fully protected areas have.. much
greater conservation benefits compared with areas under lesser
levels of protection” (Friedlander et al. 2017). Indicator 36
shows that 27 out of 47 MPAs are no-take areas; a total of 14%
of nearshore area.

In a meta-analysis of seven no-take MPAs and their nearby
reference sites, ranging in size from 0.4 km?* to 40.3 km?, Fried-
lander et al. (2017) concluded that the majority were effective at

Ll sor: ndiaror 35. MPA Management Effectiveness:
3 Ecological impact on nearshore fisheries

conserving fish biomass relative to reference sites (Figure 137a).
Larger MPAs contained higher abundance and nearly twice (2x)
the overall biomass (5x for piscivores, Figure 137b) than smaller
MPAs. They concluded that because there was little difference
in benthic habitat, the difference was due to protection status.

The 2017 SOE gave marine protected areas a Grade of
“Fair” because 60% of sites had good ecological scores (the
follow-up meta-analysis had not yet been completed for 2016
surveys). It appears that MPAs continue to have mixed effec-
tiveness, with influences from size and management.

State Grade'
. ) . Coral or Seagrass P . Macro-
Site and Sige | Habitat % Fish Biomass Fish Abundance 2019
Cover Invertebrates
Nger- Seagrass | ® Higher inside No recorded commercially important fish | ® Only 1 clam
medellim, MPA
Melekeok? Reef flat | ® Lower inside Slightly Higher ® Higher inside ® More inside
0.43 km® ® Increasing inside * Declined (2015)
Teluleu, Seagrass | ® Lower inside Higher inside ® Higher inside ® Low Protection benefits fish
rotection benefits fis
Peleliuv’® MPA Highest of all ® Higher diversity Abundance 7() C]L ﬁ(’? o oene !
Dopulations
0.76 km? ® Declining seabed MPAs inside popuiatio
Seagrass | ® Higher inside Higher inside
4 . MPA MPA ® Higher than reef | ® Low
iuﬁuf(ﬁ;gauf ® Higher than reef Increased (2014) area Abundance
. Reef flat | ® Lower inside Much Lower ® Lower inside ® Many More
MPA inside MPA ® Declined (2014) inside
N . Seagrass | ® Lower inside Lower inside ® Lower inside ® Declined by After 10 years of
Ngie\::zsl’ & Flats MPA Low overall ® Low overall factor of 57 protection, not
2.3g2 km? Fore Lower inside ® Lower inside ® More inside benefitting fish.
reef MPA MPA * Very few Likely poaching,
Ngemelachel- | Reef ¢ Coral cover recovery on areas of hard substrate; no recovery on rubble
Ngederrak ¢ Limited recovery on north end
(Lighthouse), ® Recovery started on south end, many small colonies Profound recovery.
Korot® ® Cover at Lighthouse recovering well, at 29%
5.88 km? ® DParrotfish and Surgeonfish populations Increasing at Lighthouse Reef

! Basis for Grade: Subjective, depending on
assessment conclusions in the source

?Matino et al. (2018-Ngermedellim)
* Gouezo et al. (2018-Teluleu)

® Gouezo et al. (2018-Ngemai)
¢ Mumby et al. (2018)

document. *Marino et al. (2018-Iuaiu)
MEA 1.4
Mgelukes _— - MR
. Open 12 * . Open
Ngermasech '
1.0 4
Ngederrak -
2 08
lleyakl Beluu E
E 06
Ngerumekaol 2
0.4
Ebill *
0.2 4
MNgemelis *
I T T T T 0.0 -
0 Y . )
0 1 2 3 4 e CorIT O et® L ore
Resource fish biomass (t ha™ ')

Figure 137a (/f)). Comparison of resource fish biomass (t/ha, mean + standard etror) inside and outside MPAs. From Figure 3 in Friedlander et
al. (2017). Figure 137b (righ?). Biomass (t/ha, mean ¥ standard error) by fish trophic groups and management (open to fishing and MPA). From
Figure 6 in Friedlander et al. (2017). * Asterisk identifies significant differences between MPA and adjacent open area.
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SIDEE How community members perceive MPAs

varies wildly. PICRC conducts socioeconomic
monitoring of MPAs, and asks about perceived benefits. Nine
surveys completed in 2016 to 2019 were averaged below. The
majority of respondents did not perceive any change due to the

14.5.1

MPA; for all indicators there was a larger percentage of respon-
dents who perceived increased (desirable) impacts. The highest

Lol soE mdicator 3. MPA Management Effectiveness:
3 Perceived Socioeconomic and cultural impacts

percentage of respondents reported that they strongly agree
with the statement that MPAs provide environmental benefits.
Fewer respondents agree that MPAs provide livelihood or eco-
nomic benefits, with even fewer who agree that MPAs provide
cultural or spiritual impacts. Only half of respondents strongly
agreed that benefits from MPAs were provided equitably (Fig-
ure 138).

State (Average and Range, N=9)' Grade*
DPerceived Impact on? Inereased’ No change Decreased’

Quality of marine environment Average 16% 66% 7%
Range 0-42% 25-93% 0-25%

Abundance of fish and invertebrates* Average 15% 63% 10%
Range 0-35% 26-94% 1-32%

Size of fish and invertebrates* Average 13% 65% 9%
Range 0-35% 44-94% 2-31%

Availability of food from fish and invertebrates® | Average 13% 63% 11%
Range 0-35% 26-95% 2-31%

Spiritual and cultural amenity Average 8% 69% 5%
Range 0-33% 50-95% 0-15%

Level of Agreement with: Strong Moderate/ Little None

MPA provides livelihood benefits Average 54% 29% 8% Croard
Range 23-92% 5-71% 1-21%

MPA provides economic benefits Average 60% 24% 5% Good
Range 25-91% 4-69% 2-14%

MPA provides cultural/spiritual benefits Average 48% 25% 10%
Range 23-79% 8-71% 3-34%

MPA provides environmental benefits Average 67% 22% 3%
Range 23-90% 6-72% 0-8%

MPA provides equal benefits Average 50% 24% 15%
Range 22-78% 9-711% 2-64%

! Socioeconomic surveys from 2016 to 2018 for Kayangel, Ngaraard,

Ngiwal, Melekeok, Ngchesar, Ngatpang, Airai, Peleliu, and Angaur.
1. Marino and Jonathan (2018-Angaur)

Marino and Jonathan (2018-Melekeok)

Marino et al. (2017-Ngatpang)

Marino et al. (2017-Airai)

Koshiba et al. (2016-Kayangel)

Koshiba et al. (2016-Ngchesar)

Koshiba et al. (2016-Ngiwal)

Koshiba et al. (2016-Peleliu)

. Koshiba et al. (2016-Ngaraard)

2 In two separate part of the Socioeconomic surveys, interviewees
were asked about the impact of the MPA on Livelihood factors and
their level of Agreement with Attitudinal Statements; not all are pre-
sented here.

* Values are condensed. “Increased” includes sum of trespondents
who answered “Greatly increased” and “Somewhat increased.” “De-
creased” sums for “Greatly” and “Somewhat” Decreased.

* This includes the range across two different livelihood factors which
were presented separately (e.g. Abundance of fish and Abundance
of invertebrates).

® Values are condensed. “Strong” includes sum of respondents who
answered “Very Strongly Agree” and “Strongly Agree.” “Moderate/

R N ol
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Little” sums for “Moderately Agree” and “Agree a Little”. “None” is
the percent of respondents who answered “Do Not Agree.”

¢ Basis_for Grade: Subjective. Perceptions: Those with 10% or more who
perceived a decline were graded “Fair.” Agreement: Those graded as
Good have total agreement above 80% and disagreement below
10%. Those graded as Fair have disagreement above 10%.

Percent Agreement with statement
"MPA provides equal benefits"

Don't Know _——"
12%

Don't Agree_/

14%
Strongly Agree

50%

Moderately/
Little Agree
24%

Figure I38. Perceptions of equitable benefits from MPAs. Graphed
from data in multiple reports, see .
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TN SOL Indicator 40.
=4 Aquaculture Production

Aquaculture production is relatively low and below
demand, with much produced for non-food use. The in-
vestment in the Marine Mariculture Demonstration Cen-
ter will increase capacity to 1,000,000 clam seedlings per
year, up from 200,000. Total production appears to be
increasing (Figure 140).

Dominated by Milkfish and Giant Clam, there is
some production of coral, mangrove crab, grouper (Gil-
let 2016), and shrimp (BBP 2017). Palau-based Biota suc-

SOE Indicator 41.
Fishery Production from
small-medium businesses

Assuming that all nearshore fishery production

is conducted by small to medium businesses, in 2014 nearshore
fisheries accounted for 11% of Palau’s total fishery production
in dollars and 22% of total fishery production in metric tons
(Gillet 2016 in CEA 2016). In the tuna industry, a single, locally-
based pole-and-line vessel represented 3.5% of the value from
locally-based longline fishing (in 2014).! See Indieator 42

'BBP (2017). Clams calculated at $8/clam.
2Gillet (2016). *BMR (2017).

Total Mariculture Production
and Value in Palau

| PIT] S—

Figure 140. Aquaculture trends (p. 10 in Barfield et al. 2017).

: i mt % Value %
cessfully cultures ornamental marine aquarium fishes for -
Nearshore commercial 2115 21% $6,500,000 | 11%
export, and has successfully aquacultured Kemedukl from .
and subsistence catch
the egg (a world first) as well as snappers and other food - -
fishes. They released large numbers of rabbitfish for re- Offshote locally based 3987 | 39% | $31471,000| 5%
stocking in the past two years (Colin, pers. comm. 2019). Offshore foreign based 4017 | 40% | $18,555,070 | 33%
Freshwater 1 0% $10,000 0%
Type (2017) Pieces' Value' | %oTotal Value Aquaculture 2 0% $285,000 | 1%
Milkfish 468,900 | $97,780 45% TOTAL | $10,142 $56,821,070
Giant Clam (Food) 12,594 | $100,752 46% Locally-based longliner $6,219,200 |  97%
Shrimp 913  $10,261 5% Pole-and-line vessel $225,000 | 3.5%
Reef fish 4,156 $9,420 4%
# farms | # Food | #Export/ bait SOE Indicator 42.
Giant Clam Farm 60° 60 102 . . °
, Sustainable Fisheries as
Milkfish Farm? 4 3 1

Percent of GDP

With no official definition of “Sustainable”
Fishing, this can only be a broad estimate. Indicator

36 shows that at least 79% of Palau’s nearshore fish species are
being overfished, and thus not fished sustainably. In 2014, Big-
eye Tuna were being overfished (above MSY), which represent-
ed half of Palau’s tuna catch.! Production value of fisheries to
GDP was estimated at 4.6% in 2014 by Gillet (2016). Removing
79% of the value for nearshore catches and 50% of offshore
catches (from table on page 27 of CEA 2016), the 2014 pro-
duction value of Sustainable Fisheries to GDP was thus 1.8%.

12017 SOE. Offshore Fishery status continues to evolve. See Indica-
tors 43 and 44.

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Most of the pressures, unmitigated risks, and gaps
reported in the 2017 SOE are still present.

The greatest effort has been from initiatives to increase
offshore fish consumption, with hoped-for reductions in
nearshore fish consumption, via the Domestic Fishing
Zone of the Palau National Marine Sanctuary (PNMS).
This has included national awareness campaigns, and
offshore fish appear to be more in demand and prevalent

in stores (with some grocery stores even advertising when

tuna are available).

Extent of Marine Protected Area has increased,
although key habitats for fisheries are still protected in too
few no-take zones, and many are too small.

Palau State of the Environment Report 2019

The following pressures and gaps reported in the 2017

SOE are still prevalent:

®  Still lacking adequate fisheries laws and regulations.

* BMR’ capacity (funding, personnel, mandate) to
monitor and manage nearshore fisheries is still low.
Nearshore fisheries (fish and invertebrates) still
exported via passenger flights.

Understanding of harvest totals and destinations is
still low.

Information on nearshore fisheries is still widely
scattered, across a range of national, international,
government, and non-goverment institutions.
Poaching remains an issue in MPAs and for restricted

species.
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Overview of Responses and Gaps to Primary Pressures

Of the 39 indicators assessed (for available fish and inver-
tebrate species and sites), 69% were in Poor Condition. Of the
62 unique indicators with adequate information to see a trend,
49% showed negative (unhealthy/undesirable) trends. There
are many unknowns in Nearshore Fisheries: 13 of 61 indica-
tors (21%) had “No clear trend” (or were otherwise marked
Gray), whereas only 2 of 18 (11%) were assessed as such for

There has not been a comprehensive response to near-
shore fisheries as there has been for coral reefs, as seen by the
numerous gaps that outnumber responses.

Expanding efforts to understand and reduce consumption
of nearshore fisheries is needed, and a focus on consuming
tuna over reef fish is likely not enough. Responses must also
be gender and socially inclusive (e.g. investment in invertebrates

coral reefs.

has been low).

Primary Primary Responses Key Gaps

Pressure

Export of Bans on commercial export. Export of depleted species by passenger flight.

Nearshore Push for tourists to eat more

Fisheries offshore fish.

Climate MPAs and PAN. Not enough nearshore MPAs that are large enough to support near-

Change Community-based adaptation shore fish and invertebrate species.
efforts (but few focused on Selection and location of many smaller MPAs was based on local
fisheries). needs and thus do not consider areas of productivity.

Monitoring, Slow adaptation by fishers to reduced productivity.

Damage to Land Use Planning; Slow adoption of land-based practices that reduce sedimentation.

Habitat Research and experimentation
on habitat restoration.

MPAs to allow for recovery.

Overfishing MPAs and PAN. Most MPAs have only moderate impact on conserving or increas-
Size limits, Seasonal and Spe- ing fishery production; prevalence of small MPAs reduces impact of
cies Closures, Export bans, nearshore MPAs on fisheries.

Gear restrictions. Fishery species with signs of depletion are poorly regulated.

PNMS (and shift towards Most species do not have size limits, and existing size information

tuna consumption). (used voluntarily) is inadequate for most species.

Investment in Aquaculture. Majority of research is based in Koror.

Community and NGO-driven Majority of research has focused on men.

Sustainable Fisheries Partner- Inadequate monitoring and feedback during open seasons, especially

ships (e.g in the Northern for invertebrates.

Reefs). Possible undervaluation and low pricing of fishery species, with little
tracking of harvests and prices.
Signs of poaching in MPAs, during closed seasons, and of restricted
species, with inadequate enforcement.
Palau’s Open Access system is a driver of overfishing. In particular,
Urban and wealthy fishers access fishing grounds further and further
away from population centers.
There are few User Fees or Permits to use or access fishery resources.

Gaps in infor- Nationwide projects to review National government has invested in MPAs, but not directly in manag-

mation, laws, laws and regulations (e.g. ing nearshore fisheries. NGOs (including global NGOs), Semi-govern-

regulations, GEFo0) ment, and Communities have taken on most fisheries work, and BMR
and investment Newer National government is underfunded. Total investment of 2.8% of fisheries value is below
initiatives to tie budgets to global average of 6%.
information (e.g Sustain- Few population estimates and thus no catch limits.
able Development Goals and Old data on harvest amounts; little information on destination of
System of Environmental- harvested fish.
Economic Accounting). Much less research into invertebrates and non-Reef habitats.
Academic, Semi-government,
and NGO-driven research on
fisheries.
Investment into aquaculture.
Investment into PNMS.
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2016 and 2017 saw notable increases in tuna
catch (Figure 143a), most coming from Purse Sein-
ers (I43b), catching Skipjack and Yellowfin (Figure
143c). The reason for the jump is not clear; the

number of licensed Purse Seiners in Palau has been stable (In-
dicator 44). More Purse Seine effort was concentrated in the
Western part of the Western and Central Pacific in 2017 (Wil-

sok dicaror 43. Offshore Fishery Catch

liams and Reid 2018), and distribution of stock may have been
influenced by climatic conditions. However, both Skipjack and
Yellowfin Tuna stocks have relatively pessimistic recent stock
assessments. Catch of Bigeye has decreased in Palau (Figure
143d), and the formerly overfished stock appears to be improv-
ing in the Western and Central Pacific.

OFFSHORE FISHERIES

State Trend Condition | Change
Fish Average Average Comparing time periods, 2019 SOE 2017 SOE
“ 2010-2014' 2013-2017° and 2013-2017
Bigeye Tuna 1,700 mt/yr (longline) 1,300 mt/yr (longline) Increasing / Poor
Wleiio © Sliiisriforls/ ik Caigy Yellowfin Tuna 730 mt/yr (longline) 750 mt/yr (longline) No Trend / Fair
Information for this section was kindly provided by the  State, Pressures, and Responses for Offshore Skipjack 840 mt/yr (purse seine) | 1,200 mt/yr (purse seine) No Trend / Good

Burean of Oceanic Fishery Management (MNRET) and
Conservation International. Additional information was
Sfound in published technical reports and journal articles.

Fisheries

Palau’s Offshore Fisheries are in Fair condition, in
relation to stock assessments for the entire Western
and Central Pacific, but appear to be improving,
Pressures from climate change are expected to get
wortse; there is much that is unknown. Palau’s overall
response has been good.

State: Condition

State: Trend

Pressures: Trends

Responses: Condition

Offshore Fisheries: State, Pressure, Responses
Breakdown of ratings for Condition, Grade, and Trend

H Good
Fair

H Poor

Unclear

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

Figures for Indicator 43, Offshore Fishery Catch (See next page).

Total Catch (mt)

(Combined Longline and Purse Seine)

8000
7000

6000 "
5000 //

4000

3000 A___\
2000

1000

2013 2014 2015 2016 2017

Figure 143a. Combined tuna catch, all fish.
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Total Purse Seine Catch (mt)
6000
5000
4000 l
3000
2000 N
1000

[
0 -
2013 2014 2015 2016 2017
m Skipjack  m Yellowfin Bigeye + Other

Figure 143b. Total Purse Seine Catch, by year and fish.
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! Bureau of Oceanic Fishery (2015) in 2017 SOE.

* Calculated from Oiterang and Sisior (2018); See Table 1.

* Basis for Condition: The most recent stock assessment of Bigeye Tuna
(McKechnie et al. 2017) provides a morte gptimistic assessment of
Bigeye stock. Spawning potential of biomass is above 20% in most
models, and 2012 saw a large recruitment event. Despite a substantial
decline in Bigeye Abundance in the Western and Central Pacific, they
conclude that fishing is likely below that for Maximum Sustainable
Yield (MSY). Given the decline in catch in Palau of 24% and the im-
proved stock assessment, the Condition is upgraded to “Fair.”” Both
the Trend and the Condition have improved from the 2017 SOE.

* Basis for Condition: The most recent stock assessment of Yellowfin
Tuna (Tremblay-Boyer et al. 2017) provides more pessimistic stock sta-
tus estimates for the Western and Central Pacific. Most estimates sug-
gest that fishing pressure is below that for MSY, but there has been

Table 1. Tuna Catch, 2013-2017.' All in Metric Tonnes (mt).

a continuous reduction in biomass. However, Yellowfin Tuna saw a
large recruitment event in 2012. Because the catch has been stable in
Palau, and because the Pacific catch is still above that for MSY, the
Condition is maintained as “Fait.”” A stable Trend is now visible.

* Basis for Condition: The most recent stock assessment of Skipjack Tuna
(McKechnie et al. 2016) concludes that the (formerly robust) fish-
ery may be approaching MSY in the Western and Central Pacific,
although is still below. The Skipjack Fishery is close to its target of
50% spawning biomass, and saw a large recruitment event in 2012.
Skipjack catch has increased significantly in recent years, with 2017’
Palau catch the highest between 2010 and 2017. Because of the in-
creasing catch and the declining stock assessment, the Condition is
downgraded to “Fair.”” The Condition in the 2017 SOE was Good
(due to lower catch and a more robust fishery); a stable Trend is now
more visible.

Bigeye (mt) Yellowfin (mt) Albacore | Skipjack Other (mt)
Year Longline | Purse | Longline | Purse | Longline | Purse | Longline | Purse Total Total Total
Seine Seine Seine Seine Longline | Purse Seine (m?)
2013 2021.24 2 765.82 3 73.35 256 175.66 0| 3036.07 261 3297.07
2014 1401.75 0 603.97 276 2.06 523 86.51 0] 2094.29 799 | 2893.29
2015 668.65 0 612.63 1 9.66 168 51.07 0] 1342.01 169 | 1511.01
2016 1159.09 2| 1250.33 704 5.66 1748 123.31 3| 2538.39 2457 | 4995.39
2017 1211.14 6 504.9 1648 2.47 3270 105.62 41 1824.13 4928 | 6752.13
Average? 1292.37 2 747.53 526.4 18.64 1193 108.43 1.4 2166.98 1722.8 | 3889.78
Average’ 647.19 636.97 18.64 1193

! Oiterang and Sisior (2018). *By type of fishing. * By fish.

Total Catch, by species (mt)
(Combined Longline and Purse Seine)
3500
3000
2500
2000
1500

1000 E——— S

500

2013 2014 2015 2016 2017

Other

Bigeye Yellowfin Skipjack Albacore

Figure 143c. Total Catch, combined by type, per fish.
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Total Longline Catch (mt)
3500

3000 +

2000 I

1500 - -

1000 -
500 -
0 -

2013 2014 2015 2016 2017

.

m Bigeye M Yellowfin Albacore Other

Figure 143d. Total Longline Catch, by year and fish.
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SOE Indicator 44.
+~ Fleet Size and Composition

SDG The size of the foreign fleet (foreign- and lo-
14.4.1 cally-based) has been steady (Figure 144a). In 2017
MNRET licensed two vessels as part of a new do-
mestic fleet (formerly Vanuatu vessels) under the PNMS. 37
longline vessels were licensed or chartered to operate in Palau’s
EEZ: the two Palau Vessels and 35 Chinese-Taipei flagged ves-
sels. Catch from the Palau National vessels represented 3% of
the total catch and 5% of vessels (Figure 144b), set here as a
baseline (All data from Oiterang and Sisior 2018).
In the 2015 Census, there were 437 Households who
engaged in offshore fishing. 306 were urban, 131 were rural
households.

Year | Longline |  Purse Pole Longline | Total
(Foreign) | Seine and line | (Palan) | Licensed

(Foreign) |  (Palau) Vessels
2013 76 5 1 82
2014 52 21 73
2015 51 30 81
2016 57 30 0 87
2017 58 32 2 92

Total Licensed Offshore Fishery Vessels
140
120

N
100
80 ~

o I~ 58
I ——— *

40 29
20
1 0 2
0 * T T T T .- —t
2012 2013 2014 2015 2016 2017

——Longline (Foreign) Purse Seine (Foreign)

=#=Pole and line (Palau) —®—Longline (Palau)

Figure 144a. Total Licensed Vessels. All data, Oiterang & Sisior (2018).

% of Catch % Vessels

National
Longline
3%

National
Longline
5%

Figure 144a. Percent of catch and vessels, national vs. foreign fleet.

ULl sok e 45. LOC QI Use of offshore catches

Locally Sold / Donated
Longline Catch, 2017

s S Local use and supply

appears to be increasing;

Longline Catch Sold or Donated Locally Skiack

Vau

153

In addition to longline catches, arti- | *%
sanal fishers and tournament partici- | ;o
pants conttibute another ~100 mt/ 100

Yellowfin
20%

P 131
97/ \

yt. ~40-50% goes to restaurants and | 100 - 6
3-4% (~5 mt/yr) is exported by pas- \/"/

50

senger flight (Gillet 2016). In 2016,
an average of 700 lbs/month of 0

tuna was processed through the Ko- 2012 2013
ror fish market (Lindfield 2017), the

—4—Total metric tons, all species

2015 2016 2017

Figures use data from Oiterang &

equivalent of 4 metric tons.

Sisior (2018) and DOFM (2017).

LN sor: idianr 1. Offshore Fishery Bycatch

e The Nature Conservancy (2018), using data col-
lected by the Palau government, found that one-third

of the catch of locally based pelagic longline tuna vessels was
made up of unwanted species, ranging from shatks to sea turtles.

Data on bycatch is poor. In 2016 there were 8 Trips with
an Observer, in 2017 there were zero (0) (Oiterang and Sisior
2018). 179 individual animals (sharks and turtles) were observed
as bycatch on those trips, with a mortality rate of at least 22%.

Observer Trips | 2013 (1 trip) | 2014 2015 2016 (8 Trips/ 64 Trip Days) 2017

Bycatch species and status Dead Dead Dead Alivé Dead Unknown | Discarded
Thresher Shark 0 1 0 1
Blue Shark 41 1 598
Bigeye Thresher 1 0

Silky Shark 82 27 0 1839
Olive Ridley Sea Turtle 1 13 0

Green Sea Turtle 0 1 1

'Bureau of Oceanic Fisheries (2016).
2 Division of Oceanic Fishery Management (DOFM 2017). “Alive”
combines categories for Discarded Alive, Cut Free, and Escaped, as

Palau State of the Environment Report 2019

observed by Observers. There were no seabird interactions observed.

* Oiterang and Sisior (2018). There wete no observers, so data is from

longline logsheets.
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Overview of Pressures on Offshore Fisheries
Decline in Stock due to

Climate Change

Indicators 47

lllegal, Unreported, &
Unregulated (1UU) Fishing

Indicator 48

Undervaluation
Indicator 49

UL Climate Change Pressures: Acidification, Ocean Temperatures
N sor mawanr47. Declining Offshore Fishery Productivity

Abundance of tuna in Palau’s EEZ is expected to decline
by 25% in the next few decades due to climate change (Conset-
vation International 2018).

Models project that there will be significant changes in the
distribution of Skipjack, Yellowfin, and Bigeye Tuna by 2050.
Projected changes include a strong eastward shift in the distri-
bution of Skipjack and Yellowfin Tuna, and a weaker eastward
shift in the distribution of Bigeye Tuna, resulting in reduced
abundance of these species in Palau’s EEZ (and that of other
western Pacific Island countries).

Conservation International (2018) predicts that Palau
will see a decrease of $1.6 million in licence revenue from the
purse-seine fishery, in 2050 relative to 2016, due to the effects
of climate change on the combined biomass.

State! Trend
Projected %o change in Projected
Tuna species biomass by 2050 2018-2050

Skipjack -28% Decreased
Yellowfin -12% Decteased
Bigeye? +4% Increased
Combined -24% Decreased

! Conservation International (2018; citing Senina et al. 2018 and Moore
et al. 2018)

?Lehodey et al. (2011) predicted Bigeye would decrease in the short-
term by 4% by 2035 and in the long-term by 11-45% by 2100.

SOE Indicator 49. IUU FiShing

There has been no comprehensive
study on Illegal, Unreported, and Unreg-
ulated (IUU) fishing in Palau’s EEZ (for
both offshore and nearshore fisheries). According to
the Wortld Ocean Review (2013), in the Western Pa-
cific, IUU fishing accounts for 34% of total catch.

Several actions have been taken: The Coral Reef

Research Foundation has begun work on an interdisci-
plinary assessment to identify and quantify IUU fishing
in Palau; Palau has expanded its innovative monitoring
and compliance programs through the PNMS as part
of its national plan of action (NPOA) to combat IUU,
and Palau ratified the 2009 FAO Agreement on Port
State Measures.

Models also project an increased abundance of tuna in
high seas areas, resulting in a larger proportion of the catch of
each species being made in international waters (See Table 1).

Table 1. Projected changes in biomass of tuna, by 2050,
in areas of International Waters adjacent to Palaw’s EEZ.

Projected %o change in biomass by 2050
Location Skipjack | Yellowfin | Bigeye Combined
North of Palau -52% -19% 0% -43%
a
South of Palau +21% -7% +3% +15%
(13

! Conservation International (2018; citing Senina et al. 2018 and Moore
et al. 2018).

1 S

SOE Indicator 49.
o Undervaluation

Offshore Fishery resources are likely un-
dervalued. Since 2008 Palau had been charging $0.35
per kg of tuna exported by the locally-based longlin-
ers. The estimated tax received in 2014 was $500,000.
Exports via luggage at the airport are also charged a
tax, ranging from $5 for citizens to $25 for commercial
export (per declaration) (Gillet 2016). The $0.35/kg
export tax was much lower than that recommended by
a Tax Review Task Fotce in 2008: $0.85/kg (Rhodes et
al. 2011). Internal pricing is also set too low.

Total value of tuna harvested by the locally-based
longliner fleet in 2014 was $31.5 million and $18.5 mil-
lion for the foreign-based longliners and purse seiners.
The contribution of the locally-based longliner fleet to
Palau’s GDP was $6.2 million in 2014 (Gillet 2016).
On average Western and Central Pacific countries only
receive 5% of the value of landed tuna catch (Rhodes
etal. 2011). The value of fish caught by the single Pole-
and-Line vessel was estimated at $375,000 in 2011 (Gil-
let 2016). Due to high demand from the tourism in-
dustry, prices for tuna have increased from $3.75/kg in
2011 to $5.60/ kg at the JR5 Central Fish Market. Using
these prices, the estimated value of tuna brought in by
the Pole-and-Line vessel is $560,000. Artisanal catch
(~94 mt/yr in 2017) was worth an additional $528,000
per year, or approximately $1,200 per fishing family.
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Overview of Responses and Gaps to Primary Pressures

Only three unique indicators (for species) were assessed
for Trend and Condition; the majority were . Full imple-
mentation of the PNMS and Domestic Fishing Zone by 2021
will likely impact the Condition and Trend of indicators.

Palau is operating under a Tuna Fisheries Strategic Plan
2017-2021 (MNRET 2017) that addresses multiple aspects of
offshore fisheries, including Bycatch and Mortality, National
food security, and Positive social and economic returns.

®  Research to understand stock structure.

Pressure Primary Responses Key Gaps
Decline in stock | *  Implementation of the Palau National Marine Sanctuary (PNMS), *  The domestication piece
dne to Climate including a ban on fishing in 80% of Palau’s EEZ. appears to be progressing
Change * International partners, like Conservation International and UNDP, slowly.
are helping Palau access funding through bilateral and multilateral * Inearly 2019 there was politi-
mechanisms cal pressure to delay imple-

mentation of the PNMS.

tor the EEZ and enforce compliance.

IUU Fishing ®  Research, such as CRRF’s efforts to quantify IUU; and development | ®  The extent and impact of
of a pressure prediction system (see Cimino et al. 2019, below).
* Implementation of a Monitoring, Compliance, and Surveillance stood.
(MCS) Plan. This includes partnerships to use technology to moni- |®  Adequately enforcing the

®  The Northern Reefs Project is modeling improved policies, moni-
toring, and enforcement for both nearshore and offshore areas, in
the 12-mile territorial waters zone (Bigue and Rosero 2014).

TUU fishing is not well under-

EEZ remains a challenge.

Undervalnation | ®  Research: PICRC research indicates that tourists are willing to pay ®  There are still many un-
$10 more for local, sustainably sourced tuna (Olesen et al. 2019).

*  Ongoing work by MNRET to develop a comprehensive Fisheries
Policy that would address taxation, incentive, ownership, equity, etc.

knowns about the economic
impacts of the PNMS, and
whether it will increase prices.

» ;;.lm-} -

:

Cimino et al. (2019) revealed the spatial, tempo- a
ral, and interannual variation in fishing efforts
in the EEZ, and found that oceanic conditions
were a predominant predictor of fishing effort.
Their models lay the foundation for a forecast
system that can be used to predict and combat
TUU fishing,

Laleude

Figure, right: The Palau EEZ has distinct biophysi-
cal characteristics that influence fishing patterns. (a)
The mean region with the eastward flowing North
Equatorial Counter Current, the region influenced by
the westward North Equatorial Current, high Chlo-
rophyll-a concentrations and deep winter (Decem-

r

MR LY W) USR] e

ber, January, February - DJF) mixed layer depths are
shown. Bathymetry is shown in the background. (b)

12 134 135 (k1] 130 13 134 13 138

Longitude Longituda

Regions fished by the Taiwanese and Japanese tuna

north and yellowfin in the south. The kernel density

| = MLDCF) =30 m st purbor
longline fleets, with catch being mostly bigeye in the | T -—aebie
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estimate for the 90% and 50% contour represents the  ppi figure is used under the Cimino et al. (2019) article’s Creative Commons Attribution 4.0 International License. See bibliography for

range and core of fishing locations.

full citation. Figure sourced from https://www.nature.com/articles/s41598-018-36915-x/figures/1. The figure was not changed but
the figure caption was edited for length. To view a copy of this license, visit http://cteativecommons.org/licenses/by/4.0/.

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Palau has made progress in addressing pressures from
external forces, with expansion of monitoring and
surveillance and implementation of awareness campaigns
about the PNMS (including the Palau Pledge).

Several gaps still remain:
®* So far there is no estimate of Maximum Sustainable

Palau State of the Environment Report 2019

Yield within the 20% Domestic Fishing Zone.
There is still inadequate monitoring of local (artisanal)

offshore fishing, both in terms of harvest and

destination/use.

There were no observers on tuna fishing boats in

2017. Although the PNMS calls for 100% observer
e by 2020, this is a current gap.
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Much of the information for this section was kindly written
or provided by CRRE (Indicators 50-52). Additional
information was found in published technical reports and
Zleaned from publicly available sources.

Because marine species and sites vary widely, the
state of select marine species and sites varies widely
as well. Therefore, this report has not been able to
assign a Condition, Trend, or Grade for most of the
following indicators. Narrative descriptions provide
an assessment of how the indicator is doing, what
pressures it faces, and may discuss responses.

State of Select Marine Species & Sites

In general, marine species and sites are trending
in ways that are not healthy/desirable: Damage from
climate change is expected to get worse; Marine in-
vasive species may be increasing, and are now estab-
lished in some places; Recreation sites are becoming
more overcrowded; Sea Turtles and Dugongs are not
well understood, but are definitely being poached de-
spite low populations; and, although local population
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) y
yright Michael!. Dawson (2019

and threat status is not well known, many of Palau’s
Endangered Species are declining or not protected.

Pressures on Select Marine Species & Sites

When understood, pressures vary widely, and in-
clude a variety of natural and human stressors. The
lack of knowledge or monitoring programs for most
marine sites and species is a key limitation to under-
standing or addressing pressures.

Responses for Select Marine Species & Sites

Jellyfish Lake and its unique species are well un-
derstood and monitored. Most other marine species
and sites discussed here have some sort of regula-
tion or law applied, even if inconsistently. However,
compliance and enforcement must be strengthened
to stop declines and reduce pressures. Palau’s Na-
tional GEF6 Project was designed to address the
lack of central authority on species, and will work
to resolve gaps and inconsistencies between partners
who work with individual species, especially among
enforcement agencies.

#
4 ..|.;'|

Photo by A. Gupta
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SELECT MARINE SPECIES & SITES
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b
This section was written by CRRF.

Climate Impacts on Jellyfish Lake

Strong El Nifio-related drought and subsequent high lake water tem-
peratures impact Jellyfish Lake. The Coral Reef Research Founda-
tion (CRRF) has been monitoring the environmental parame-
ters and Golden jellyfish population in Jellyfish Lake since 1999.
The disappearance of M. papua etpisoni has occurred before, the
best known instance in 1999-2000 (Dawson et al. 2001), fol-
lowing the 1998 coral bleaching event in Palau, but the lake was
not under study during the full 1997/1998 El Nifio/La Nifia
event. The medusae reappeared in 2000 and showed dramatic
fluctuations in the estimated population size for about six years,
reaching a maximum of ~18 million, thereafter ‘stabilizing’ to
an average of 5-7 million jellies, when ‘old time-visitors’ agreed
the lake was ‘back to normal’. Following the medusae recovery,
it was learned the number of medusae in the lake at a given
time was inversely proportional to the mean water temperature
in the oxygenated upper 12 m of the lake: warmer temperatures
had fewer medusae and cooler temperatures had more.

The strong El Nifio of 2015/2016 caused an extreme
drought in Palau, which peaked in April 2016. In December
2015, the M. papua etpisoni population started a noticeable de-
cline, reaching zero medusae in May 2016. The extreme drought
and eventual rise in lake water temperature is thought to be re-
lated to the crash of the medusae population, though the exact
mechanism is not yet understood. The lake remained without
Golden jellyfish until the start of 2017, had a brief burst of
new medusae for a few months, and then died off again. Only
at the start of 2018 did jellyfish numbers start to increase, as
the lake temperature decreased, so that by the end of 2018 they
were approaching one million medusae. While less than ‘nor-
mal’, this number was enough to make visiting Jellyfish Lake a
satisfying tourist experience again (Figure 150a).

Jellyfish Population Crash

Golden jellyfish medusae crash resulted from impacts of the strong E/
Nisio and not a result of buman actions. The disappearance of the
jellyfish in OTM has been a cyclical occurrence (1999, 2016)
and is related to extreme changes in climate which occur glob-
ally. There is no evidence that urination of thousands of tour-

ists in the lake and presence of sunscreen chemicals caused the
disappearance of the Golden jellyfish. Instead, the jellyfish die-

Figure 150a. Jellyfish lake in late 2018. Photo copyright Coral Reef
Research Foundation, 2019. Used with permission.
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off was highly correlated with changes in environmental lake
conditions associated with ENSO shifts.

Based on what was learned during the 1999-2000 Golden
jellyfish collapse and the careful monitoring of their recovery in
Jellyfish Lake, there was high confidence the medusae popula-
tion would recover as long as 1) the benthic polyps remained
abundant and viable and 2) mean water temperature in the up-
per layers (0-12m) of the lake dropped to a level of =31.5°C.
In 2018 through early 2019 CRRF’s predictions of when the
medusae would return were validated.

Threat from Non-Native Species

Non-native species introductions are the major threat to Jellyfish
Lake. Introductions of non-native species (that do not naturally
occur in the lake) are a major threat to Jellyfish Lake. This in-
cludes any plant or animal (or parts) found in the lagoon waters
and other lakes, such as shells, sea grass, seaweeds, corals and
clams. Non-native species can be introduced into the lake by
visitors intentionally, or unintentionally as hitchhikers on gear
and equipment. Once introduced, non-native species have the
potential to become invasive and impact the lake.

So far, CRRF has documented six non-native introduc-
tions into Jellyfish Lake: (1-3) a brown sea anemone, Exaiptasia
pallida (Figure 150b) and its 2 symbiotic zooxanthellae species,
(4) an orange sponge, Haliclona sp., and (5-6) an unidentified
colonial polyp and its symbiotic zooxanthellae. The brown sea
anemone, first spotted in 2003, has since established an inva-
sive population, covering mangrove roots and shallow bottom
around the perimeter of Jellyfish Lake. First seen in 2001, the
orange Haliclona sp. sponge is found in dense patches at differ-
ent places throughout the lake. The unidentified colonial polyp
was discovered in 2014, and small patches were observed along
the east and west perimeter; however, a more thorough survey
is needed to determine its distribution in the lake.

Moon Jellyfish Return

The reappearance of the Moon jellyfish in 2017 was a surprise. The
Moon jelly (Aurelia sp. 4) in Jellyfish Lake has been an enigma.
The population of the large white medusae was ‘always present’
since the late 1970’s when the first research was done in Jellyfish
Lake, until their numbers started decreasing in 2003, with the
last recorded observation in 2009. The cause of their disap-
pearance was not understood and it did not directly coincide
with the introduction of the non-native sea anemone, Exaipta-
sia pallida, to Jellyfish Lake, as has been suggested.

In 2017, scattered Moon jelly medusae were suddenly
found again in the lake and have been increasing in numbers
since then. What happened? We have never found Moon jelly
polyps in Jellyfish Lake, and are not sure of their habitat. It is
clear the polyps survived in the lake during the absence of their
medusae, but were not producing ephyrae to become medusae.
This returns to the typical “boom and bust” strategy of jellyfish
in the ocean, and suggests more long-term monitoring of Jel-
lyfish Lake is important to answer many remaining questions.

Jellyfish Lake and Sunscreen
The Precantionary Principle applies to sunscreen in Palau’s jellyfish
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lakes. Studies by CRRF found sunscreen compounds in water
from Jellyfish Lake and other marine lakes in Palau, as well as
in medusae themselves at low levels (CRRF 2017). With the
ubiquity of such compounds in daily life and their known use
by visitors to the lake, this result is not surprising, At present,
however, no effect attributable to sunscreen compounds has
been detected and for the moment it is a lesser concern than
other threats to the lake(s). The precautionary principle, how-
ever, requires action despite the detection of a direct threat and
it is suggested sunscreen use by visitors to the lake be reduced
or totally eliminated.

Through the Responsible Tourism Education Act of 2018,
Palau has banned the importation and manufacturing of “reef-
toxic sunscreen” (defined as containing oxybenzone and 10
other ingredients). While at present no detrimental effects of
sunscreen on the lake or jellyfish have been documented, en-
forcement of this law will limit future risks to Jellyfish Lake.

Palau’s unique Jellyfish Lakes

This information kindly provided by CRRF.

Palau has over 50 marine lakes, bodies of brackish
seawater located inside the karst rock islands, isolated
from the surrounding lagoon by land over distances of
up to a few km. The lakes have subterranean connections
through the brackish ground water that undetlies all the
rock islands; the cracks and fissures in the island limestone
allows tidally-driven water movement to cause the water
in the lakes to rise and fall (damped and delayed) with the
lagoon tides. Five of these lakes have jellyfish populations
of endemic subspecies (one unique to each lake) that ate
derived from the Mastigias papua population which inhabits
the lagoon (Daws )05).

Only one jellyfish lake, Ongeim’l Tketau (OTM),
has the conditions (easy accessibility by boats at all tides,
short trail length, moderate vertical climb, usually perennial
Golden jellyfish population) to be sufficiently accessible
for tourist visits and is currently open to the public. OTM

f

-

..

“

Photo, above. The moon jelly Aurelia sp. 4 (center) and Golden
jellyfish, Mastigias papua etpisoni in Jellyfish Lake. Photo copyright
Coral Reef Research Foundation, 2019. Used with permission.
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Figure I50b. The non-native brown sea anemone, Exaiptasia pallida
in Jellyfish Lake. Photo copyright Coral Reef Research Foundation,
2019. Used with permission.

the lake in a year, with Koror State deriving significant
income from permit fees to visit the lake.

Jellyfish Lake has two species of jellyfish (see Photo,
below), the Golden jellyfish, Mastigias papua etpisoni (an
endemic subspecies), and the moon jelly Awrelia sp. 4
(Dawson and Jacobs 2001). These jellyfish have two life
stages, a tiny benthic polyp (which is seldom seen by visitors)
and a large swimming medusa st:
The population of medusae of M. papua etpisoni in OTM
has varied greatly over the last few decades. At times of

the classic “jellyfish”.

environmental stress there have been no medusae occurring
in the lake, but the benthic polyps have always petsisted.
These polyps produce new medusae when conditions
return to “normal” through a process of strobilation, in
which baby medusae (called “ephyra”) are budded off the
end of the polyp and become a swimming medusa.
Jellyfish in the ocean go through seasonal cycles, with
medusae being present when conditions are favorable
and absent when conditions are unfavorable. This is most
obvious in temperate regions, where medusae typically
appear in Spring and disappear in Fall, but also happens
in tropical populations. When conditions are particularly
good, populations may “boom” and be exceptionally
abundant; when conditions change, the population “busts”
as the over-abundant medusae die, but the polyps survive
in a “dormant” state . In some environments, climatic,
rather than seasonal, cycles can drive these “boom and
bust” dynamics. Thus, when conditions are right, the
“boom” part of the cycle can last for decades (as occurs
in OTM), but the “bust” population crash can occur
when conditions change to sub-optimal. It is believed the
OTM M. papua etpisoni live only about 6-9 months, and the
medusae population must be constantly replaced during
the “boom” phase or else it will crash, going to zero in

less than a year. During the boom phase, the numbers of

medusae in the lake vary with environmental conditions
(such as water temperature) and numbers go up and down
through changes in the production rates of ephyrae.

Palau State of the Environment Report 2019
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PRESSURES ON SELECT MARINE SPECIES & SITES

Typhoon Haiyan in late 2013 caused only minor
erosion to the islands of Kayangel Atoll, despite its

intense winds and high seas. In many respects the
islands have started to recover from Haiyan, with
some vegetation recovering. The storm berms produced on the
castern shore of Angaur, and to a lesser extent Peleliu, by Ty-
phoon Bopha in 2012 have stablized, moving island(s) shore

Climate Change Pressures: Stronger Typhoons and Storms
SOE Ludicator51. DAM@ge to shorelines from typhoons and tropical storms

slightly seaward. Significant vegetation capable helping to sta-
bilize these new shorelines (Casuarina and Scaevola trees) have
grown on the storm berms in the past five years. Beaches in
the Rock Islands have exhibited some changes, mostly due to
movement of sand from the typhoons of 2012 and 2013, but
these mostly seem to represent shifts of sand, rather than per-
manent erosion and loss of sand to deep water.

Figure I51. Storm berms on the east coast of Angaur, formed by waves during Typhoon Bopha in December 2012, have become colonized and
stabilized by trees and other vegetation since the storm. Photograph copyright Coral Reef Research Foundation, 2019. Used with permission.

CRREF identified 20 introduced marine species
(Probable or Possible introduced Hydroids and As-
cidians; Colin 2009). Colin (2009) also discussed the unknown
status of the introduced Ti#apia fish and the sea anemone in
Ongeim’l Tketau, Aiptasia sp., (for a total of 22). After surveys
in 2007' and a literature review, Campbell et al. (2016) identified
40 marine introductions (introduced, cryptogenic, and poten-
tially introduced species).? ?

The invasive sea anemone (Exaptasia pallida) in Ongeim’l
Tketau has been monitored as part of the overall Jellyfish Lake
program (Patris et al. 2012). It has arrived at a somewhat steady
state, with the apparent population size changing with water
temperature changes, as the anemone has symbiotic algae and
can undergo a condition similar to coral bleaching at high tem-
peratures. Even so, the native species diversity and abundance
of E. pallida do not appear to be significantly correlated (Patris
et al. 2019). The sea anemone is now a permanent part of the
fauna of Jellyfish Lake and cannot be eliminated (Colin, pers.
comm. 2019). The status of other marine invasive species, such
as the hydroid Eudendrium carneum, has not been determined in
recent years.

Palau State of the Environment Report 2019

SOE Idiaror 52. MArine Invasive Species

Figure 152. Exaiptasia pallida cannot be eliminated from Jellyfish Lake.
Photo copyright Coral Reef Research Foundation, 2019. Used with
permission.

""These field surveys, in Campbell et al. (2016), were described as “pre-
liminary” and part of a training course.

2The two data sources do not always align (e.g. identification o critetia
used to determine if introduced, level of likelihood of introduction,
description as pest).

%See also the Correction and Update on p. 51.
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See also Indicator 13 (visited sites had more
rubble than non-visited sites). In both 2015 (Otto
et al. 2016) and 2016 (Nestor et al. 2017), density of
coral fragments were higher at visited sites in the Rock Islands

than non-visited sites. Wabnitz et al. (2017) suggested reducing
diver numbers per site and year to 5000-7000, noting that the
threshold was currently being exceeded by a factor of 13. Poon-
ian et al. (2010) estimated 50,000 dives at German Channel per
year, which is 7 to 12 times higher than that recommended for

SOE Ludicator 53. Crowding at Marine Recreation Sites

(Miyakuni et al. 2018) found that 53% of survey respondents
perceived German Channel as crowded. Across multiple sites,
popular snorkeling sites (Paradise, Big Drop off, Fantasy Island)
were perceived crowded by 19-30% of respondents, popular
diving sites (German Channel. Blue Corner, Blue Hole) were
perceived crowded by the 24-53% of respondents, and other
marine recreation and water-based sites such as Milky Way were
perceived crowded by 20-30% of respondents.

The 2017 SOE graded this indicator as Poor, but here it is

dive sites. graded as Fair, due to new information, not because of reduced
A PICRC survey in 2016 of Japanese tourist perceptions  impact.
State Trend
Site Extent of Crowding
Dive Sites 13 times above recommended (2015)!

German Channel

7 to 12 time above recommended (2010)*

Increased*

Percent of Japanese Tonrists who thought site was crowded’

Snorkeline sit Cemetary Reef Big Drop Off German Channel Fantasy Island
POTREINg SIS 49% 30% 19% 28%
Dive Sit Blue Corner Big Drop Off German Channel Blue Hole
Ve e 46% 33% 53% 40%
Marine & Water-based Long Beach (Omokan) | Long Beach (Kayangel) Milky Way Ngardmau Waterfall
Recreation Sites 30% 25% 20% 22%

!'Wabnitz et al. (2017)

% Calculated from Poonian et al. (2010)

* All values from Miyakuni et al. (2018)

* Notes on Trend: Compating values from 2010 to 2015; these val-
ues only provide general guidance and do not represent a scien-
tifically valid carrying capacity or absolute value of overcrowding.

3 Basis for Grade: Miyakuni et al. (2018) cite the following from Shelby
and Heberlain (1986): “If more than two-thirds of the visitors say
that they are crowded, it appears likely that the capacity has been
exceeded. If less than one-third senses the over-crowding, the area is
probably below the load capacity.” Using this threshold, several sites
are below capacity, but a few are nearing the point of being above
capacity; thus the subjective grade of Fair is assigned.

SOE Indicator 54. S€Q TUItlES

——
| Pressures

According to Island Conservation (2018), “Tur-
tle poaching [is] on the rise in recent years.” However, there is
no new available information or data on turtle populations or
level of poaching. The 2017 SOE reported that in 2014-2015
60% of surveyed nests in the Rock Islands and in 2016 17%
of nests on Ngerkeklau and Ngerchur (Ngarchelong) had been
poached. There was evidence of negative impacts from climate
change: eggs spoiled by seawater (e.g, from storm surges or ris-
ing tides) and nests destroyed by typhoons.

Responses

In 2017 rats were eradicated from Ngeanges Island in the
Rock Islands through a partnership with Island Conservation,
the Koror State Department of Conservation and Law En-
forcement, and Palau Conservation Society (Island Conserva-
tion 2018). Given that rats are known to predate on turtle nests,
their eradication removes one threat in a location with known
nesting Hawksbill Sea Turtles.

In 2018, Palau amended the Environmental Quality Pro-
tection Act (Title 24) to established a 10-year moratorium on
the harvest or use of any Hawkbill Sea Turtle (with an excep-
tino for existing toluk). The law included a 2-year phase out on
selling of existing turtle products.
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SOE mdiaror 55. M@S@KIU (DUgONQ)

———
s S Pressures

Although fully protected, poaching/illegal hunt-
ing has been known to occur. Given their reliance on seagrass
habitat, declining seagrass cover (Indicator 32) may pose a
growing threat (Siksei 2018). During a permit application in-
spection, dugong were observed by EQPB at a potential sand
mining site (Brooks 2018).

Responses

Studies by the Coral Reef Research Foundation have de-
tailed the relationships between dugong, tides, and benthic hab-
itats in the Malakal/Ngderaak Reef area of Koror. This builds
on eatlier work for the Palau Dugong Awareness Campaign
of 2012-2013 with Mandy Etpison of the Etpison Museum.
New work has refined the population estimates, feeding loca-
tions, and behavior and social behavior of these coastal marine
mammals. A study of the long term changes in dugong habitat
(seagrasses) at Ngederrak Reef is presently being completed,
providing insights into how the food resources of this popula-
tion have changed through grazing, storms, and other types of
change.

Palau’s law to protect Dugong is strong, and enforcement
appeats to be improving. In 2014 and 2015 there was some
enforcement of illegal poaching (Brooks 2018).

Palau State of the Environment Report 2019
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; Palau’s number of endangered species is not
known, given few population assessments. Assess-
ments for an updated Palau Endangered Species
Act (ESA) List are ongoing for marine species;
those included here were from the previous ESA.

A 2016 Country Data Dossier for Aichi Target 12 (Re-
ducing Risk of Extinction; SPREP 2016) identified 23 marine
mammals known from Palau; of these 3 are threatened (13%).

The number of endangered fish and invertebrates relative
to the total number present in Palau is low, but most have not
been assessed, either for local population or for global status.

ABT

12

TP sor nacaror 55. Globally & Locally Endangered Marine Species in Palau

Several of the globally endangered species in Palau are also
declining locally. The majority of these species has some sort
of local protection, in the form of laws, regulations, or MPAs;
although many are declining and need additional enforcement
effort or updated protections (e.g. updated laws or regulations).

There are few known marine endemic marine species (Co-
lin 2009). None of the globally endangered species listed here
are endemic to Palau. Palau’s known endemic marine species
(Nautilus belauensis) and the five subspecies of Mastigias jellyfish
have not been assessed by the IUCN Red List; however all Nau-
tilus species are included in Appendix II of CITES.*

State

Grade’

Class Common name ESA

(Palau) (IUCN)

Mammal | Dugong’ (Indicator 55)
Blue Whale®
Sperm Whale®

Dolphins, Porpoises, Whales™* Varies
Marine Hawksbill Turtle’ (Indicator 54) CR
Reptiles Green Turtle® (Indicator 54) EN

Leatherback Turtle?
Loggethead Turtle?
Olive Ridley’
Kemp’s Ridley’

Saltwater Crocodile?

Red List | Global Trend? | Palau laws/ regulations

S
EN
BN

v

S

v
CR

Marine Bigeye Tuna (Indicator 43)

Fishes" Kemedukl (Bumphead Patrotf.)

(See also Nomnd 1 v -
Indicator aml (Napoleon Wrasse)

36) Square-tail Coral Grouper

Bowet’s Parrotfish

Thorny Seahorse

Several species of Sharks, Rays, Varies
Mantas*

Inverte- Giant Clam (T. gigas, T. derasa)*

brates’ Giant Clam (Tridacna crocea)

Tridacna squamosa, H. hippopus

Nautilus*

Charonia tritonis, Cassis cornuta’

Several species of Aergpora coral

Corals: Black, Blue, Stony, Lace*

Palan’s responses

IDISS I Complete closure

IGISTEN gl Marine Mammal Good

(RN Sanctuary (Complete Good
- closure) .

Varies Good

IDIIGY S Title 24 (regulated by
size, season, nesting) Decline

Good
Good
Good

Poor - Harvest allowed,

Decreasing
Decreasing
Decreasing
Unknown
1051550 No restrictions Unclear®
IDIIGYS NIl Regulated by PNMS Good

Complete Closure

Good

ISl Complete Closure

IDISSCEST Size, scason; local ban

Unknown No add. restrictions

ORS00 Aquarium spp. regs.

Varies Shark Sanctuary & Good
Bilateral Surveillance

Poor - Decline / Low
(Indicator 20)

Unknown Export ban; exception

Uiisaexm enables poaching®
Unknown
Unknown CITES Unclear

IDJIGYES Il Fixport ban

Export ban

Mussels (Lithophaga lithophaga)*

Sea Cucumbers

'"ESA = Palau Endangered Species Act, List of Threatened Species. By
order of threat: EN = Endangered, TH = Threatened.

? Global TUCN Red List Status as of March 2019. www.redlist.org.
Trend as determined by the IUCN Red List as of March 2019. By
order of threat: CR = Critically Endangered, EN = Endangered, VU
= Vulnerable, NT = Near Threatened.

*CITES Appendix I = Species threatened with extinction. CITES (Con-
vention on International Trade in Endangered Species of Wild Fauna
and Flora), as of March 2019. Palau has many species reservations.

* CITES Appendix IT = Species not necessatily threatened with extinc-
tion, but for which trade must be controlled in order to avoid utiliza-
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No restrictions
Export restrictions

tion incompatible with their survival.

> Not regulated; population may have increased (SOE 2017).

¢ A 2015 assessment of species in Palau (SPREP 2016) identified at
least 15 threatened fishes, but did not distinguish by type (freshwater,
marine). There are more species that have not yet been assessed; this
should not be accepted as the total number of threatened fish.

7A 2015 assessment of species in Palau (SPREP 2016) identified at least
40 molluscs and 106 other invertebrates that were threatened, but did
not distinguish by type (terrestrial, freshwater, marine). There are more
species that have not yet been assessed; this should not be accepted as
the total number of threatened invertebrates. continued next page
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Overview of Responses and Gaps to Primary Pressures

Because marine species and sites vary widely, the status of
select marine species and sites varies widely as well. Lack of
knowledge and data is a key missing gap, and there is no central
authority on species.

In general, marine species and sites are trending in ways
that are not desirable. However, there is some sort of response,
ranging from laws to activities, addressing most marine species
and sites.

*  Some land use planning and mapping to
identify sea level rise threats.

Primary | Primary Responses Key Gaps

Pressure

Climate *  Some MPAs (with some mangroves Inadequate protection of shoreline.

Change protected) for shorelines protection. Slow progress in land use planning and continual develop-

ment in locations with potential negative climate impacts.

Invasive Species | *  GEF6 National Project will address nu-
merous aspects, including identification
and mapping, monitoring, compliance,
and rapid response.

Implementation of GEFG has just started.

Little identification and monitoring of marine invasive spe-
cies.

Eradication or removal of marine invasives is not possible.

Crowdingat | ®  Zones in the Rock Islands.

Sites | *  Closures when needed (e.g. Jellyfish

Overuse Lake).

* New laws (e.g. Sunscreen).

*  Ongoing research by nonprofits, semi-
government, and academia.

Few to no limits on total visitation.

Inconsistent application of closures and b#/in times of
environmental stress. For instance, Jellyfish Lake was offi-
cially under a b/, but not officially closed by the Koror State
Legislature. Permits were available for purchase even when
no jellyfish were visible.

Partnerships and understanding still in development with
National and State governments on acceptible visitation.

Harvest / * Increasing enforcement capacity

Poaching through PNMS and PAN.

*  GEF6 National Project will resolve con-
flicting regulations and build capacity of
Fish & Wildlife.

Inconsistent enforcement of laws and regulations.
Inadequate monitoring to ensure compliance.

Green Turtles can be legally harvested and used for com-
mercially purposes during open season, despite decline.

Gaps in *  Nationwide projects to review laws and
regulations (e.g. GEF0).

*  Academic, Semi-government, and
NGO-driven research.

®  Jellyfish Lake is well studied, with estab-

information

lished research and training programs.

No comprehensive approach to species.

Little monitoring of marine species (e.g: no systematic
monitoring of turtles or dugong or threatened species).
No Palauan Endangered Species List, or process to deter-
mine threat status at the National Level.

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Knowledge and monitoring of species is improving,
through projects (dugong surveys, and turtle monitoring
as part of the Ngeanges Eradication). Palau started a
National GEF6 Project in late 2018 to address many of the

ey gaps addressed here (as well as on land), particulatly as
relates to invasive species and to species-based regulations
and enforcement by the Division of Fish and Wildlife.

Most species work is still led by nonprofits, private
entities, and Koror State. There is still demand for regulated
and illegal species (e.g. dugong) and inadequate compliance
and enforcement.

Correction and Update
The 2017 SOE stated that Palau had 4 potential marine

# Law allows export of cultured clams; wild clams have been exported;
enforcement is needed. Clams are declining or very low in abundance
(Indicator 20). T. gigas are particulatly rare.

 Debusech, Omuu
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pests (based on port surveys), which did not accurately
describe the state of marine introduced species. Colin
(2009) discussed around 20 marine introduced species.
Campbell et al. (2016) detected a possible 40 marine
introduced species. The two differed in their use of the
word “pests.” See Indicator 52.

Colin (2009) also discussed the difficulty in
determining if a species is introduced, given hundreds
of years of ship traffic and only recent advancements
in taxonomy. One of the secondary benefits of CRREF’s
work on behalf of the U.S. National Cancer Intitute has
been the identification of marine invertebrate and plant
samples; this list of known species then is the foundation
for a list of introduced species.

1 Basis for Grade: Subjective. Good = Laws, regulations, and enforce-

ment are adequate to stop local decline; Fair = Fither laws or enforce-
ment must be improved to stop local decline; Poor = No additional
restrictions and/or species is in decline despite laws.

Palau State of the Environment Report 2019
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MANGROVES

MANGROVES

Much of the data for this section was kindly provided by
Palau Antomated Land and Resource Information System
(PALARIS). Additional information was found in published
technical reports and gleaned from publicly avatlable sonrces.

The Mangrove Management Plan (Metz
2000) and the proposed 2018 Sustainable
Forest Management (SFM) Policy call for
a “No Net Loss” Policy for forests. Deter-
mining whether Palau is meeting this policy

directive is difficult: Mangroves naturally expand, but
recent years have seen a decline in mangrove extent
due to human use.

State of Mangroves

Mangroves in Palau are healthy and resilient.
However, recent geospatial data on mangroves can-
not be used to determine extent and trend, which
is a major gap. Where known, over the long-term,
mangroves have expanded; however the impact of
that growth (e.g. on rarer habitats such as seagrass)
remains unknown.

Baseline information on mangrove diversity
and health is good (e.g. biodiversity in Metz 2000
and PICRC 2007; accretion rates in MacKenzie et
al. 2016). However, there have been few follow-
up studies to determine if baselines have changed.
New work is ongoing to quantify carbon storage and
trends. Palau’s C Stocks are relatively high.

Pressures on Mangroves

Human use and clearing potentially impacts large
areas of mangrove at a time. Pressures from climate
change are low, and fungal growth remains an indi-
cator to watch. There is no recent information on
nearshore fishery status and use in mangroves.

Palau State of the Environment Report 2019

Photo by A. Gupta

Responses for Mangroves (and Gaps)

Setting aside Mangroves in Protected Areas re-
mains Palau’s primary response for mangroves. 33%
of mangroves are managed in some way, although
given the importance of mangroves to food and
climate security, the target for management is 75%.
The amount of mangrove in No-Take Protected Ar-
eas and the PAN is low. Mangrove MPAs appear to
be performing well.

Research efforts into mangrove storage are on-
going, although these are largely led by nonprofits.
However, there are no dedicated research efforts into
the impacts of mangrove growth on rarer habitats
such as seagrass. Palauan government management
of mangroves (including a central source for infor-
mation) remains a gap. Ongoing Land Use Planning
efforts will continue to address mangroves. The SFM
Policy has not yet been adopted. When adopted,
State and National development plans will need to
incorporate the “No Net Loss” policy.

Issues in the 2017 SOE

The 2017 SOE cited a 2014 GIS value of
50 km?, which may need to be revised given is-
sues with the GIS shapefiles (Indicator 57).

New information shows that pressures
from climate change (especially Sea Level Rise)
are so far low. All other risks and gaps remain:
unmitigated threats from human use and con-

version, no central information authority, little

mangrove monitoring,

Correction: New land classifications mean
that area of mangrove in Protected Areas has
been revised. See Indicator 62.

SOE Indicator 57. AANGrove Extent

PALARIS (unpublished data 2019) estimated na-
tionwide mangrove extent (Figure 157a) to be steady
at ~50 km® However, thete ate problems with the
shapefiles in the GIS data, which do not align with soil
layers (Kitalong, pers. comm. 2019). For instance, 2016 and 2017
GIS data indicated a loss of over 2 km? of mangrove in Ngat-

pang, but this is not visible on the ground (Colin, pers. comm.
2019), or visible using historic imagery on Google Earth, and
may be an issue with classifications. Thus it is not possible to
determine a nationwide trend.

Mangrove extent clearly increased on Babeldaob between
1947 and 2005, but with lots of variation (Collins et al. 2015
using aerial imagery; Figure I57b).

Ground observations suggest that large areas of mangrove
have been filled for development in Airai in recent years. Leases
for convetsion and/or development have been extended in Ko-
ror, Airai, and Aimeliik (Kitalong, pers. comm. 2019).

Expansion of mangroves in Airai Bay was documented in
the 2017 SOE. Seaward expansion of mangroves in Airai was
influenced by sedimentation (Colin 2009), and at the expense
of rarer seagrass beds. The rate of gain of mangrove in Airai
was measured at 0.1 km?/year (Neville 2014). Elsewhere, previ-
ously Neville (2014) estimated that mangroves were being lost
at a rate of 0.04 km?/year due to development.

The extent, impact, and cause of mangrove expansion or
loss remains to be seen. Mangroves are dynamic systems that
naturally grow vertically and horizontally (see below).

State (km?)! Trend?
Year 1983 1987 2006 2011 2014-2017 1983-2017
Nationwide square area of mangrove 43.52 47.01 45.89 42.03 ~50 (low confidence)
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Figure I157b. Percent of total landcover on Babeldaob that is man-
grove, over time. Graph created with data from CRRF (Collins et al.
2015). See “Landscape Change on Babeldaob Island, Palau” poster
on https://coralreefpalau.org/education/posters/.

' PALARIS (unpublished data 2019).

% Notes on Trend: Given the importance of mangroves to fisheries, shore-
line protection, and carbon storage, this report would treat the nation-
wide gain of mangroves as desirable and the nationwide loss as unde-
sirable. However, this does not negate complex impacts, such as the
gain of mangroves at the potential expense of seagrass beds.

3 1947 imagery was less accurate and extent of mangroves was difficult
to distinguish manually (Collins et al. 2015).

Figure 157a (left). Mangroves (in pink) surround 80% of Babeldaob’s
coastline. Figure from PALARIS, based on Donnegan (2007).

Mangroves can trap between 30 and 60% of sediment
from land (Koshiba et al. 2013)

MacKenzie et al. (2016) established sedimentation rates,
vertical accretion rates, and C accumulation rates for six dis-
turbed (with roads) and undisturbed mangrove sites on Ba-
beldaob. This data forms a baseline for future comparisons,
and for planning given Climate Change (see Indicator 59).

*  Average sedimentation rates did not differ between dis-
turbed and undisturbed sites.

*  Average vertical accretion rates were slightly lower in
disturbed sites.

Sedimentation, Accretion, and Accumulation rates

*  Average sedimentation and vertical accretion rates were
both nearly 2x times higher in fringe than interior sites.

®  Percent C ranged from 9.8 to 34.6% and did not signifi-
cantly differ between disturbed and undisturbed sites,
or fringe and interior sites.

*  Average belowground C accumulation rates did not
significantly differ between disturbed and undisturbed
sites, or fringe and interior sites.

®  Percent C or C accumulation rates did not differ among
individual sites.
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soE Iudicaror 55. NAANGQrove Carbon Stocks

Mangrove forests and the soil beneath them store sig-
nificant amounts of carbon. Studies from Yap and Palau have
shown that mangroves and their soil (to 1 m depth) store 2x
as much carbon per hectare as tropical moist upland forests in
Brazil and Mexico (Kauffman et al. 2011). Carbon in Palau’s
mangroves is in the moderate to high range when compared to
oceanic mangroves in the Western Pacific (Donato et al. 2012).

Thus, when mangroves are cleared they release a dispro-
portionate amount of carbon. Mangroves store 4-8 times the
Catbon stored in savannas and 2-3 times that stored in upland
forests (Table 1, Figure 158a). This is largely driven by below-
ground storage. Compared to upland soils, mangrove soils have
much higher C concentrations. Mangroves account for 24% of
Palau’s total Carbon stock while only taking up 13% of total
area (Donato et al. 2012).

Table 1. Mean Carbon Stocks, by forest type (Mg/ha)'

Savanna | Up. Forest | Mangrove
Total aboveground C (mean) 5.1 216 131
Total belowground C (mean) 198 221 699
Total Carbon (mean) 203 437 830
Range of Ecosystem C 117-289 311-563 | 683-977
Total C, Palau 15.2 Tg Carbon
Total CO, equivalent, Palau 55.8 Tg CO, equivalent

! Donato et al. (2012)
16800
Aboveground

10t B - Palau =0 Belowground T
12001 3

:

Ecosystem C storage (Mg ha'1j

~ [ '
0
Savanna Upland Forest Mangrove

Figure I58a. C Storage by forest type. Figure modified from Figure 3
in Donato et al. (2012).

Kauffman et al. (2011) showed that Carbon storage is
higher on the landward side, for above- and belowground C
and for C stored in soil (Table 2, Figure 158b). The landward
side, however, is threatened with development.

Mangrove C Stocks offer potentially valuable revenues for
climate mitigation (Donato et al. 2012).

A 2010 study determined baseline C accumulation rates in
multiple sites: the range of C accumulation at undisturbed sites
was 69.8 to 369.7 gC/m?/year and 119.5 to 251.9 ¢gC/m?/year
at disturbed sites (MacKenzie et al. 2016).

Ongoing work (R. MacKenzie, pers. comm. 2019) is de-
termining trends. It appears that C Stock from mangrove trees
increased between 2010 and 2015 in 5 out of 6 sites (both dis-
turbed and undisturbed). This work is ongoing; plots and gear
are in place to allow for follow-up monitoring,

Table 2. Mean Carbon Stocks, by mangrove forest zone
(Mg/hay*

Seaward | Interior | Landward
Aboveground Tree C (mean) 81.4 98.0 133.7
Belowground Tree C (mean) 70 70 100
Soil C (mean) 314.9 428.4 818.4

* Kauffman et al. (2011)

a Palau

1400
1200 O Aboveground Tree ¢
1000 m Downed wood
m Belowground
800

oSol C

a b
E00
400
200
0  — |

Seagrass Seaward Interior  Landward

Carbon (Mg/ha)

Figure 158a. Ecosystem C Stocks by mangrove zone. Figure modified
from Figure 3 in Kauffman et al. (2011).

Orchid Communities (Upland Forest diversity)

This last-minute information, kindly provided by Ben Crain,

should be in the Forest section but does not fit. There are orchids in
rdok and upland forests.

Palau is rapidly gaining recognition for its diverse orchid

mangroves, but this information is from

communities, with close to 100 species that are believed to
occut. Historical data on orchid communities in Palau exists,
but much of the information associated with eatly collec-
tions was lost when herbarium specimens were destroyed
in Europe. Currently, national level surveys are being con-
ducted by collaborative researchers from the Belau National
Museum, the Smithsonian Institution, and the US Forest
Service as part of the Palau Orchid Conservation Initiative.
Highly detailed surveys are also being conducted on the For-
est Dynamics Monitoring plot in the Ngardok Nature Re-

Palau State of the Environment Report 2019

serve, where many of Palau’s orchids are known to occur.
Because orchids are highly sensitive to an array of envi-
ronmental disturbances, they are valuable indicators of for-
est health. Initial broad level surveys indicate that orchids are
widespread in Palau. Preliminary data from detailed surveys
in the Nardok plot indicate a gradient in orchid communities
associated with vegetation attributes; intact forests appear to
support different orchid communities than more disturbed
sites. Rarer natives and endemics appear to occur in intact
forests, whereas more common species, and even invasive
orchids tend to occur on more disturbed sites. Accordingly,
long-term research on orchid communities in Palau will be
invaluable for evaluating the effects of environmental dis-
turbances as well as the effects of forest restoration efforts.
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Overview of Pressures on Mangroves

Climate Change

Indicators 59

L Climate Change Pressures:

Sea Level Rise

Mangroves in Palau have low vulnerability to Sea Level
Rise; depending on the rate of rise (Indicator 8). MacKenzie et
al. (2016) measured vertical accretion rate at 11 sites (disturbed
and undisturbed, fringe and interior). The accretion rate ranged
from 1.8 to 9 mm/year. At a sea level tise of 2.7 mm/year, 4 of
the 11 sites would not be growing vertically (vertical accretion)
fast enough to keep up with the rise. At a 9 mm/year sea level
rise, only 1 site would be able to keep up. Palau’s mangroves are
oceanic, have kept with past sea changes, and are adapted to a 2
m tidal range. Even at a 9 mm/year rise, mangroves would not
be submerged for at least 175 years (MacKenzie et al. 2016).

SOE Idizator 50. Clearing and Human Use

EQPB has secen an increase in State leases in submerged
water areas for residential and commercial developments, with
leases going into mangroves by a majority of state governments
(EQPB, unpublishded data 2019). Areas of mangroves have
been leased and filled without opportunities for public comment
(Kitalong, pers. comm. 2019). Mangroves are under State gov-
ernment authority. The proposed 2018 Sustainable Forest Man-
agement Policy calls for a “No Net Loss” Policy for mangroves.

Mangrove damage has been observed from clearcutting and
girdling. In Airai, trees had been girdled along a 500 meter-long
stretch of channel, and mortality of girdled trees was 99% with-
in 5 meters of the channel (Cannon et al. 2014 and documented
by Colin (Figure 160)). In 2007, 100% of sites had signs of hu-
man damage (PICRC 2007).

Information on nearshore fishery harvest from mangroves
is scarce. Stock of mangrove crabs appears to have diminished
in recent years (Delos Santos, in Rengiil et al. 2017).

_1.1 Figure 160. Aerial view of
&, girdled mangroves (2010).
* Copyright Coral Reef
" Research Foundation (2019).
Used with permission.

Clearing and Human Use
Indicator 60

Fungal Infection
Indicator 61

g soE ndicaror 59. S€QA LEvel Rise, Increased Rainfall, and Typhoons

Increased Rainfall

Increased rainfall (Indicator 11) may have a positive influ-
ence on mangrove growth in the Pacific, due to increased sedi-
ment. Decreased ocean water salinity from increased rainfall
may also increase mangrove production (Ward et al. 2016).

Typhoons

Typhoon Bopha had minimal impact on mangroves on Ba-
beldaob, providing evidence for the protective factors of man-
grove forests (Colin, pers. comm. 2019). Kaufmann and Cole
(2010) identified adaptations that may help mangroves recover
post-storm.

SOE Indicator 62.
“2% Mangrove
Protected Area (PA)

PALARIS obtained a new Mangrove data layer in
2017 with improved land cover classifications, so values
have been revised significantly from the 2017 SOE.

In 2019 there were 15 PAs with mangrove, in 9 of
the 13 States with mangroves. They captured 33% of
Palau’s total mangroves. Ngeremeduu Bay (54%), the
Rock Island Southern Lagoon (10%), and the Ngara-
ard Mangrove Conservation Area (9%) make up 72%
of the total protected mangrove. 9 of these areas in 5
States are No-Take; 9 sites in 7 States are in PAN.

Following the methods in Indicator 9, MPAs with
mangroves appear to be performing well, although the
sample only includes Airai and Ngaraard. In these two
states, 77-91% of all Socioeconomic survey respon-
dents said their protected areas increased targets or
agreed with statements (e.g.,, “Availability of food” or
“Provides livelihood benefits”). See Indicator 9.

State’ Grade?
Total managed | 16.5 km?* (33% of total) Good
Total No-Take | 3.9 km?* (8% of total) Poor

soE Idicator 61. FUNQGQl Infection

Mortality of trees from Phellinus spp. fungal infection was
found in 3 out of 5 surveyed mangrove sites (60%) in 2014
(Cannon et al. 2014). In one site, 4% of all trees and 50% of all
large Xylocarpus trees were infected. In another site, 5% of trees
were dying, many with rotten limbs.

Many mangrove species are vulnerable to colonization by
fungal species even after minor damages. Outreach and educa-
tion can allow for sustainable use of mangrove trees, while lim-
ited collateral damage to and fungal invasion of neatby trees.

55

Total in PAN | 3.8 km? (7.6% of total) Poor
77-83% people said PA increases targets Good
80-91% Agreed with PA Value statement Good

! Mangrove totals from PALARIS (unpublished data 2019); Ko-
ror RISL mangrove from 2012 World Heritage Dossier.

* Basis for Grade: Progress toward desired target. Good >75%;
Fair = 40-75%; Poor<40% of way to target. Management
Plan (Metz 2000) target for managed area is 75%. Palau is 44%
of the way to the Management Plan target. No-Take and PAN
areas are only 25-27% of way to Micronesia Challenge’s 30%
Effective Conservation target. Also see Indicator 9.
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PRESSURES ON & RESPONSE FOR MANGROVES



STATE OF FORESTS

FOREsTs

Much of the data for this section was kindly provided by
Palauw Antomated Land and Resource Information System
(PALARIS) and the Coral Reef Research Foundation
(CRRF). Additional information was found in published
technical reports and gleaned from publicly available sources.

The proposed 2018 Sustainable Forest
Management (SFM) Policy calls for a “No
Net Loss” Policy for forests. Adopting and
implementing the SEM Policy will help Pa-
lau achieve Sustainable Development Goal
15 (Life on Land), specifically Indicator
15.2.1 (Area under sustainable forest management).

State of Forests

With the exception of burned areas, forests are
in Good condition, with high diversity. Extent of
forest is expanding, although this is secondary veg-
etation. Recent landcover change is not known, and
loss of primary forest is also unknown.

There is a lack of public data on freshwater qual-
ity and quantity, and there is no regularly monitoring
of water or freshwater biodiversity. However, trends

indicate that the extent of damaged and degraded
lands and forests, and the amount of damaged trees,
is increasing. The number of endangered species on
land has increased steadily.

Pressures on Forests

Fire and Climate Change pose significant threats
to forests and freshwater. While still posing a threat,
pressures from Invasive Alien Speces seem to be bet-
ter controlled and Palau has implemented measures
to reduce their threat. While unsustainable human
use is known to be a pressure, there is little informa-
tion available to quantify or track its extent.

Responses for Forests (and Gaps)

Extent of Terrestrial Protected Area has in-
creased but s still too low. Performance of Terrestrial
Protected Areas is Fair to Good for socioeconomic
indicators, but unknown for biophysical indicators.

Information on endemism, distribution, and sta-
tus of terrestrial plants has increased significantly.
However, many plant species are now known to be
threatened or endangered, and few are managed.

State: Condition

State: Trend

Pressures: Condition + Trend

Responses: Condition

Forests: State, Pressure, Responses
Breakdown of ratings for Condition, Grade, and Trend

H Good
Fair

W Poor

Unclear

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%
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Data suggest that forest cover is expanding, al-
though data for recent years is still in development.
PALARIS has data layers from 1987 (Cole et al.
1987) and 2003 (Donnegan 2007), but they used dif-
ferent methods and criteria. Additional layers that quantify land

cover change are still in development; for instance PALARIS
completed agricultural mapping in 2015. The 2015 estimate of
nationwide forest cover took into account expansion of for-
est, mangrove, and considered areas of development. However,
confidence in the recent nationwide trend is low. Nationwide
forest cover includes the neatly 100% forested Rock Islands.
Forest expanded on Babeldaob between 1947 and 2005
(CRRE: Collins et al. 2015; Figure 163a). This data was derived
by comparing aerial photos and satellite images from different

SOE Indicator 63. FOr@st extent and change

time periods; confidence in the Babeldaob trend is high. For-
est decreased in Koror, Peleliu, and Angaur between 1988 and
2005 (Donnegan et al. 2007; Figure 163b). Non-forest vegeta-
tion decreased on Babeldaob but increased on Koror, Peleliu,
and Angaur between 1988 and 2005. Urban area increased in all
locations in that same timeframe.

Interestingly, there may be an answer to the question “Are
savannas native/natural habitats in Palau?” Costion et al. (2011)
discovered evidence that 55% of Palau’s savannas are anthro-
pogenic in origin, and by inference concluded that “Palau was
essentially a forested landscape with probably very few pockets
of open terrain.” 26% of Palau’s volcanic terrain on Babeldaob
was disturbed (historically), raising interesting questions about
the biodiversity value of ancient and historic sites.

State (km?) Trend® Condition*
1947 1976/87 1992 2001’ 2003/5 2015
Nationwide Forest cover 80% 27 8293 87% Increased Good
(low confidence)
1
Babeldaob Forest Cover' | ) 70/ | g 90y 68% 705% | 7L7% Increased Good
(high confidence)
2 5
State (km?) Trend Land Cover, Babeldaob (%)

By Island: 1988 2005 % Change 20

Babeldaob’ ~283 ~295 Rl  Increased

Koror’ ~6.1 ~5.3 -13% RSN /—‘, C

Peleliu’ ~15.4 ~14.2 S¥Z8 Decreased 60

g Forest
Angaut’ ~7.3 ~6.5 SWSZE  Decreased
— P 5 50

Nationwide: 1976 2005 % Change _ 2 Non-Forest

Limestone® 38.9 70.1 +80% Increased ; 40 Vegetation

Volcanic? 291.2 296.9 +2% Increased 8 Non-Vegetation

@

Total forest* 330.1 367.0 RO 1ncreased a 30 \

Non_fo.reS; 73.9 62.0 SIPZ  No basis 20 4'*.\7.

vegetation
'CRRF (Collins et al. 2015). 1947 imagery was less accurate. 10
*Cole et al. (1987) included agroforest and secondary forest vegetation; 0

used aerial photographs to map areas with 30% or greater canopy. 1947 ' 1976 ' 1992 ' 2001 ' 2005 '
*Donnegan et al. (2007) included agroforest and secondary forest vege-

tation; used satellite imagery to map areas with 10% or greater canopy.

*SDG Report (Pacific Islands Secretariat Forum 2018). Low confi-
dence due to low resolution.

® Notes on Trend: Increasing forest cover is deemed “Healthy/Desirable”
for the following reasons: From a biodiversity perspective, historical
data indicates that Palau was once neatly 100% forested; forest health
indicators show that forest expansion is driven by native species
and not introduced species, and thus healthy; and forests provide
essential ecosystem services included maintenance of water quality
and quantity.

$ Basis for Grade: 30% Forest Loss appears to be a threshold for biodiver-
sity maintenance (Estavillo et al. 2013); in both 2005 (high confidence)
and 2015 (low confidence), forest cover is over 70%.

"Estimated from Figure 6 in Donnegan et al. (2007). Actes converted
to km?.

¢ From Table 2 in Donnegan et al. (2007). Converted to km*

? Methods and ctiteria changed between the two time periods, and dis-
crepancies between the data remain.
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Figure 163a. Percent of total landcover on Babeldaob that is forest,
non-forest vegetation, and vegetation, over time. Graph created with
data from Collins et al. (2015). See “Landscape Change on Babeldaob
Island, Palau” on https://coralreefpalau.org/education/posters/.

Forest cover on Koror, Peleliu, Angaur

15
€ == Koror
~ 13
= Peleli
5 1 eleliu
% 9 =>é=Angaur
It
wv
g 7 e
. = "\

5 T — 1

1988 2005

Figure 163b. Total forest (km?) on Koror, Peleliu, and Angaur in 1988
and 2005. Estimated from Figure 4 in Donnegan et al. (2007).
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SOE Indicator 64. FOr@st diversity

resolution Forest Dynamics Monitoring plot in the Ngardok Nature Reserve.
In 2014, the one hectare Ngardok Nature Reserve plot contained 62 species

There is good baseline information on forest diversity from 100 - . = Chelebiob
decadal Forest Inventory Analysis (FIA) surveys with the USDA For-
est Service, regular PAN monitoring, and via the establishment of a detailed, high

Kelelacharm

90 —— |— Brachesked

Chezemalech

| - ®Cheues
of native woody plants, 29 of which are endemic to Micronesia and 21 endemic 0 = Chebouch
to Palau (Forest Service 2014). No single species dominated (Figure 164). Species 70 S
diversity in the forest was neatly 3x higher than in the savanna. The Palau plot has —
more than 3x the tree species than a larger plot in Hawaii, and a similar density of -
tree stems per hectare as other tropical forests. Forest structure (size of trees) was | -
also diverse in different sites. See also information on Orchids on p. 54. ‘E ¥ Chemekiachel
The FIA Surveys provide nationwide information on tree densities and di- g 50 = Blau
vetsity. Palau’s forests ate relatively dense and have high species diversity (Forest & ¥ Chelangel
Service 2014). In the 2003 FIA Survey (Donnegan et al. 2007), a total of 128 tree 40 1 ® Chertochet
species and 132 undetstory species were measured on FIA plots. In the 2014 FIA W Chebiul
Survey (MC 2018), 126 tree species were recorded; 32 tree species made up 75% 30 = Chersachel
of forest structure, with no one single species dominating. Diversity of tree size u Kesengelngel
(stem and height) was also present, indicating diverse forest structure. 20 = Tonget
m Chelsau
State! Trend®> | Condition® 10 & Chemeridech
2003 2004 B Chedebsungelked

Species of trees in FIA 128 126 Stable

12003 FIA (Donnegan et al. 2007); 2014 FIA Summaty from MC (2018).
* Notes on Trend: Palau is highly diverse. Maintenance of that diversity, much of which is
endemic, is in national environmental policies (e.g. in the 2015-2025 NBSAP).

m All Other

Good

Relative Dominance

Figure 164. 20 most dominant tree species in the
Ngardok Nature Reserve Plot. Figure from For-
est Service (2014).

® Basis for Grade: Subjective. Highly diverse forests appear to be Palau’s natural state, and

tend to be more resilient to climate change.

SOE Indicator 65.

Degraded and Disturbed

. Lands
15.3.1 Barren areas are known to erode and negatively

impact freshwater and marine resources.
In 2014, total forest land that had been disturbed added
up to approximately 30% of Palau’s total land. This included all
disturbances: fire, animal damage, wind, tree disease, invasive

species, and vegetation suppression (e.g cutting) (calculated
from FIA 2014-Forest Inventory Survey Data).
See also Indicator 68 on Fire.

State (km? & % total land) | Trend

1976 2005 2014
1.4 km?> | 4.5 km?

Batren area 1 / Increased
0.33% 1.0%
Disturbed 125 km? .
forest land 30%2 No basis
2000-2015
pegaded No basis
land 108 km?; 26.2%°

! Donnegan et al. (2007)

* Analyzed using 2014 FIA Data. Includes all possible disturbances, but
does not consider severity of damage.

> UNCCD (2018 - Palau Country Report). Low confidence due to low
resolution of data. UNCCD indicators on land cover, land produc-
tivity dynamics and soil organic carbon stock used to compute land
that is degraded.
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SOE Indicator 6. TF€€ DAMage

The most prevalent damage to trees in 2014 was

from disease (in 2003 the prevalent damage was from
other vegetation'). In 2014 there was little damage specific to
weather (in the FIA plots).? Damage types included: fungal infec-
tions/decay, invasive vines, loss of apical dominance/dead tet-
minal, disease, weather, insects, fire, and human-caused damage.

State (% trees) Trend

200%° 2014

Percent of individual 20.4 to
. 13% Increased
trees with any damage 29.2%

Stable or
Dead trees <5% 1% table ot

Decreased

! Julian Dendy (pets. comm. 2019) 2Donnegan et al. (2007)
*From 2014 FIA Data, by Julian Dendy (95% Confidence Interval)
(pers. comm. 2019).

SOE Indicator 67. Upland Forest: | Mg/ ba'
Forest Carbon |1 204

See Indicator 58. Up- Understory 4.9
land forests in Palau hold Downed wood 7.3
69% of Carbon Stocks, or Roots 37
10.6 Mt. Savannas hold 7% Soil 185
of C Stocks, or 1.04 Mt Total 437

(Donato et al. 2012).

Donato et al. (2012)
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Overview of Pressures on Forests

Fire Climate

Indicator 68

Change

Indicators 69

SOE Indicator 8. Fire

This information was kindly provided by Julian Dend.

A partnership between CRRE, Palau Forestry
Division, and the USDA Forest Service mapped the
extent and impact of fire on Babeldaob over 7 years from 2012
to 2018 (Figure 168a).

There were on average 173 fires per year, which burned an
average 3,000,000 m*/yeat (3 km?); or ~1% of Babeldaob.

There were an average of 122 fires per state, which burned
an average of 5.7% of each Babeldaob state’s total area (includ-
ing mangroves). Airai had the most fires, Ngaremlengui had the
most atea burned, and Ngatrchelong had the greatest percentage
of total area burned.

43% of fires burned some forest edge, and 28% indicated
the presence of invasive species. There was an average of 15
fires/year inside Protected Areas.

6% of fires were within 10 m of streams, 1% were within 10
m of coastline, and 6% were within 10 m of mangroves; these
fires had likely erosion and sedimentation impacts.

Over the seven years of the study ~23% of the total non-
forest vegetation area (including non-vegetated area) and ~1.3%
of the total forest area of Babeldaob Island was burned.

Dendy et al. (2019) observed structures destroyed by fire,

Wildfires on Babeldaob Island, Palau
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Figure 168a. Map of fire occurrence on Babeldaob Island, Palau from
2012 to 2018. Figure from Dendy et al. (2019).
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powerlines that were nearly damaged, many minor landslides, ob-
vious evidence of erosion, and fires that burned into wetlands or
to the very edge of steep coastline. They commonly found dam-
age and destruction to agricultural and agroforestry resources
(e.g. coconut and mahogany groves or taro patches).

The top three reasons for burning were hunting, arson, and
farming (Figure 168b). Based on the spatial statistics, Dendy et
al. (2019) concluded that at least 15% of the total burned area,
which was more than 500 m from roads, is due to hunting; as
hunters are usually the only people who access those areas. Since
burning in the interior areas of Babeldaob seems to be a reli-
able indicator of hunting activity, they surmised that hunting has
been commonly occurring inside Protected Areas.

Areas burned repeatedly from 2012-2016, ~7% of total
non-forest vegetation on Babeldaob, are likely to be problem-
atic in terms of increased vulnerability to invasion by non-native
plant species, erosion, and degradation of soils, which can lead to
barren areas that are constant sources of sediment.

More fires occurred in January, February and March than in
other months. Longer stretches of hotter and drier conditions,
like during El Nifio events, probably lead to more and larger
fires. 2015 was likely an El Nifio year, and in 2015 Babeldaob
experienced the most total area burned per year study.

Between 2007-2009, 68 fires reported to the Bureau of Pub-
lic Safety burned a total of 0.07 km?* (Kitalong 2010-SWARS), far
less than the average of 1% of total island area burned annually
from 2012-2018, which indicates that fire is more pervasive on
Babeldaob than previously thought, and that most fires go un-
reported. Rates of forest loss and recovery over time estimated
from remote sensing comparisons indicate that the average rate
of forest loss from fires over the past 7 years is potentially less
than the overall average annual forest loss from 1976 to 1992, so
the average level of burning since 2012 has likely not increased
substantially and may have decreased somewhat compared to
that time period. The FIA 95% Confidence Interval estimate
for Percent of Forest Area Disturbed from Fire on Babeldaob
(2004-2014) was between 1.5% and 16%.

Fire suppression and/or prevention is essential for forest
restoration efforts to be effective (Dendy et al. 2015). The PAN
initiated fire breaks (shaded fuel breaks) in 2018 in strategic lo-
cations within protected areas (Lake Ngardok Nature Reserve,
Ngardmau) based on recent fire history and distance to roads.

Reasons for burning (2012-2015)

Clear
Vegetation
3% Arson
9
Figure 168b. Building 31%
Rgu b i
easons for >

Brushpile
burning, 2012- 2%
2015. Figure cre-
Government
ated from data 8%
in Dendy et al.

(2019).
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Climate Change Pressures:

Palau’s forests are highly vulnerable to Climate Change.

Rainfall Variability

Forests in Palau are predicted to experience wetter wet sea-
sons and drier dry seasons, but with overall increases in mean
annual rainfall (Indicator 11). Higher rainfall may accelerate ero-
sion (Neville 2014), including loss of topsoil, organic material,
and nutrients. Tree species not particularly adapted to drought
will be stressed throughout the dry season, and an increased
dry season may increase the risk of fire (Indicator 68) (Neville
2014). Prolonged rainfall is associated with loss of flowers and
less fruiting (ADB 2011).

Typhoons and Storms

Typhoons in 2012 and 2013 were responsible for uproot-
ing trees and vegetation, causing landslides, and washing away
topsoil; Angaur (Bopha) and Kayangel (Haiyan) had drastic loss
of trees (Figure 169a). With 88% of the island at a slope of
12% or greater, the majority of Babeldaob is at medium to high
risk of slope failure following intense rainfall events (Figure
169b; Kitalong 2010). Palau’s steep riparian areas are highly vul-
nerable to slope failure and loss of topsoil and/ot vegetation.

Temperature Variability

Increasing temperature is associated with increased inci-
dence of some diseases (Bourke and Harwood 2009) particu-
larly those influenced by rainfall and humidity. There may also
be increased incidence of pests (ADB 2011). Changes in tem-
perature may change seasonal patterns of fruiting trees and
plants (FAO 2014).

== sor maanor 9. RAiNfall Variability, Typhoons, and Temperature

Figure 160. Loss of forest in Angaur after Typhoon Haiyan. Copy-
right Coral Reef Research Foundation (2019). Used with permission.

SLERIATE EHANEE
HLEFE [FRANES

Figure 169b. Most of Babeldaob is at medium to high risk of slope
failure following intense rainfall. Figure from Kitalong (2010-SWARS).

SOE mdiaror 70. Alien INvasive Species

Invasive Alien Species (IAS) pose a significant threat to
Palau’s forests, but this threat appears to have remained stable in
recent years. Palau’s response to IAS has improved significantly.
Palau completed its National Invasive Species and Biosecurity
Strategic Action Plan (NISSAP) 2018-2022. A National GEF6-
funded project is building national capacity to implement IAS
prevention, control, and mitigation.

Exotic, fire-adapted grasses, such as Cogon Grass (Imperata
¢ylindrica) are a threat on Babeldaob. These grasses quickly move
into the understory, increase fuel loads (Indicator 68), quickly
regenerate after fire, and suppress native vegetation (Neville
2014). Most of the existing populations are at or near the
airport (Forest Service 2017) and are the subject of ongoing
eradication efforts.

44% of tree damages in the 2014 Forest Inventory were
associated with invasive vines in the crowns (Mikania micrantha
and Merremia peltata (Kebeas)) (Neville 2014). A 2017-2018
Kebeas Control Project supported the removal of the vine in
several states throughout Palau. Over 6 days in 2017, volunteers
and employees removed at least 24.7 ha (0.24 km?) of Kebeas.
This consisted of 8.9 ha in Ngchesar, 12 ha in Melekeok, and 3.8
ha in Airai. A section in Ngaraard was also cleared. The level of
effort (for Ngchesar, Melekeok, and Airai) was 73 person-days
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(~0.33 ha/person/day). In 2018 another 0.16 ha was cleared in
Ngkeklau (Ngaraard) and 13.5 ha in Ngardmau. Funding from
the US DOI will support removal of Kebeas from protected
areas in Babeldaob and Koror (PCS 2019).

Asian cycad scale was detected in 2008 on ornamental
cycads in Koror, where Cycas micronesica (Endangered, see
Indicator 76) also occurs. A predator was released after the
infestation was discovered and appears to have reduced scale
populations enough that ornamental cycads showed no signs
of infestation or damage in 2013. Palau’s most important
population of C. micronesica is on the Rock Islands to the south;
the scale had not dispersed there as of 2013 (Neville 2014).
Import of ornamental cycads is prohibited.

After Coconut rhinoceros beetle (CRB) was introduced
to Palau in 1942, Palau lost almost 50% of its coconut trees
(Neville 2014). Recent outbreaks of CRB in Palau have
involved the CRB-G biotype, which is genetically distinct from
other populations in the Pacific, resistant to currently available
biocontrols, highly invasive, and has a very low response to
pheromone traps (Forest Service 2016). There are several
ongoing research efforts into CRB Biotypes and their biological
controls (e.g. Oryctes virus) (Neville 2014).
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SOE mdiaror 71. FUNQG Al Infection

Phellinus noxius is an aggressive, deadly root rotting patho-
gen. Several other species of the Phellinus genus also occur. This
fungus spreads from tree to tree via root systems and kills tis-
sue of the host tree. Several species important to agroforestry,
including breadfruit, betel nut, mango, and ka, are hosts for P.
noxius. The US Forest Service and P. noxius experts from Japan
conducted surveys for this fungus in the forests of Palau and
determined the fungus is widespread (Neville 2014).

Palau has made good progress in identifying and mapping
the distribution of many Phellinus noxius infection foci (Forest
Service 2010).

SOE Indicator 72.
Unsustainable Human Use

Poaching and Deforestation are regularly identified as
threats to Palau’s forests and terrestrial resources (e.g in the
2018 Sustainable Forest Management Policy, which was based
on consultations), but data to quantify the extent of this threat
is minimal.

Indicator 63 shows that forests expanded on Babeldaob
between 1992 and 2005; however at the same time the area of
non-vegetation increased from less than 1% in 1992-2001 to
over 3% in 2005 (Indicator 63). Identifying the rate and loca-
tion of urbanization is an urgent need (Figure 172).

Indicator 68 suggested that several uses of Babeldaob (e.g;
hunting, clearing) are done using unsustainable methods (such
as fire) or are in protected areas.
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Figure 172. Map of vegetation and land over in Palau. Figure from
Cole et al. (1987). There is minimal data available to quantify the
extent and type of human use, much available data is 30+ years old.

Extent of Terrestrial Protected Area has
increased for almost all indicators. Total Managed
area increased from 20 to 25% of total land area, and
Total land protected on Babeldaob increased from 10
to 12%. Amount of protected terrestrial area is still far below
conservation thresholds and national and regional goals. See
also Indicator 37.

SOE Idiaror 73. COVErage of Protected Areas relative to terrestrial area

More Terrestrial Protected Areas are needed, and no
indicators were graded as Good. Key areas for biodiversity
(such as Important Bird Areas) are not adequately protected.

The number of types of habitats represented in protected
arcas and the PAN has increased; however, there are still habitats
that are underrepresented: Beach strand, Raised coralline atoll,
Swamp forest, and Bird aggregation sites.

State® Grade
Type knt’ Total land % # sites 2019 Compared to:
Total Terrestrial Managed Area' 102.6 km? 410 km? 25% 20
ERA Goal, 46%
Total Tertestrial Managed Area, Babeldaob 42.7 km? 362 km? 12% 13
Total No-Take? Terresttial Area 41.59 km?* 410 km? 10% 14 o
Aichi #11, 17%
No-Take Terrestrial Area, Babeldaob 27.24 km? 362 km? 8% 9
Total Terrestrial area in PAN 40.68 km?* 410 km? 10% 16 Micronesia
Terrestrial area in PAN, Babeldaob 33.76 km? 362 km? 9% 12 Challenge, 20%
Important Bird Areas (IBA), managed 85.34 km?* 243 km? 35% 10 ERA Goal, 80%

! Does not include mangtoves. Includes all managed or protected
areas (all [IUCN categories, including VI for sustainable use).

* Designated as No-Take or as IUCN Categories Ia, Ib, II, I11, or IV.

? Protected area coverage provided by PALARIS (unpublished data
2019) and adjusted to remove redundancy (so areas in Rock Islands
are not counted twice).
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* Basis for Grade: Compating cutrent progress to target or goal. Good
= >75%. Fair = 40-75%. Poor =<40%. Meaning, having 25% man-
aged area is 54% of the way to the ERA Goal of protecting 46% of
terrestrial land.

> The Percent of IBA protected was revised and decreased. A new
site was identified as an IBA (Northern Peleliu Lkes (sandflats)),
which is not protected. Total IBA area from BirdLife (2019).
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SOE Indicator 74.
Protected Freshwater Sites

Palau’s two freshwater lakes are protected and in
PAN. Of Palau’s 621 km of freshwater streams and
rivers, 16% of their length pass through a protected
or managed area. Only 6% of freshwater streams pass through
a PAN site. 7% of fires were near streams (Indicator 68). Per-
ceived effectiveness for water variables is Good (Indicator 75).

State’ Grade?
Type % 2019
Freshwater lakes protected 2lakes | 100% Good
Freshwater streams protected 99 km Y28 Good (80%)

Freshwater streams in PAN 36 km (FZ8 Poor (24%)

! PALARIS (unpublished data 2019). > Compated to Micronesia Chal-
lenge (20% of total). Basis for Grade: Comparing current progress to
target or goal. Good = >75%. Fair = 40-75%. Poor =<40%.

How community members perceive Terrestrial
Protected Areas varies wildly. PICRC conducts so-
cioeconomic monitoring in sites with MPAs; many

of these States also have Terrestrial Protected Areas and thus
are assessed for their benefits as well. The survey asks about
petceived benefits. Five surveys completed in 2016 to 2019 (for
States with Terrestrial Protected Areas) were averaged below.
The majority of respondents did not perceive any change due
to the Terrestrial Protected Areas; for all indicators there was
a larger percentage of respondents who petceived increased
(healthy/desirable) impacts.

These 5 reports were used in Indicator 39 as well; that indi-
cator also included an additional 4 studies for States with Ma-

SOE mdicaror 75. TEIT@SHricl Protected Area Management Effectiveness:
Perceived Socioeconomic and Ecological impacts

rine Protected Areas only (no Terrestrial). Level of Agreement
is consistent whether or not Terrestrial areas ate separated: Pro-
tected areas ate petrceived as providing livelihood, economic,
and environmental benefits; but few perceive cultural/spiritual
or equitable benefits.

A Terrestrial Monitoring Protocol for PAN Sites is in devel-
opment. Baseline data has been collected and has been reported
in other indicators, where appropriate; some data is not yet tied
to specific Protected Areas (PAs). According to the 2015 PAN
Status Report 36% of Terrestrial PAs had average scores of
“Good” or “Adequate.”

Ecological scores have likely improved (ot will in the near
future) due to invasive alien species eradication and control.

State (Average and Range, N=5)’ Grade®
Perceived Impact on? Increased’ No change Decreased’

Overall quality of the terrestrial environment 30 51 7 Good
Spititual and cultural amenity 13 55 8 Good
Abundance of fruit bats 19 48 13
Size of fruit bats 14 53 12
Abundance of medicinal plants 20 48 10
Availability of farm food (crops) 20 54 10
Abundance of building materials 26 48 10
Size of building materials 22 53 9 Good
Quality of public freshwater 20 42 6 Good
Quantity of public freshwater 19 44 6 Good

Level of Agreement with: Strong | Moderate/ Little None _
Protected Area provides livelihood benefits 48 41 7 Good
Protected Area provides economic benefits 57 31 6 Good
Protected Atea provides cultural/spititual benefits 44 32 11 _
Protected Area provides environmental benefits 60 32 4 Good
Protected Area provides equal benefits 46 29 20

!Socioeconomic surveys from 2016 to 2018 for:
1. Marino and Jonathan (2018-Melekeok)
2. Koshiba et al. (2016-Kayangel)
3. Koshiba et al. (2016-Ngchesar)
4. Koshiba et al. (2016-Ngiwal)
5. Koshiba et al. (2016-Ngaraard)

2 In two separate parts of the Socioeconomic survey, interviewees
wete asked about the impact of the MPA on Livelihood factors and
their level of Agreement with Attitudinal Statements; not all are pre-
sented here.

* Values are condensed. “Increased” includes sum of tespondents
who answered “Greatly increased” and “Somewhat increased.” “De-
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creased” sums for “Greatly” and “Somewhat” Decreased.

* This includes the range across two different livelihood factors which
were presented separately (e.g. Abundance of fish and Abundance
of invertebrates).

* Values are condensed. “Strong” includes sum of respondents who
answered “Very Strongly Agree” and “Strongly Agree.” “Moderate/
Little” sums for “Moderately Agree” and “Agree a Little”. “None” is
the percent of respondents who answered “Do Not Agree.”

¢ Basis_for Grade: Subjective. Perceptions: Those with 10% or more who
petceived a decline were graded “Fair.”” Agreement: Those graded as
Good have total agreement above 80% and disagreement below
10%. Those graded as Fair have disagreement above 10%.
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soE Idicator 76. ENdangered Terrestrial Species in Palau

Endangered birds are well understood, and there is new
knowledge about plants. Plants here use the Endangered list-
ing from the previous Palau Endangered Species Act (ESA);
Birds list the proposed 2018 ESA List. The number of globally
endangered Red Listed species in Palau has steadily increased.

Both of Palau’s two native terrestrial mammals (both bats),
are now on the Red List (100%). Of 46 known reptiles and
amphibians (Crombie and Pregill 1999), one is on the Red
List (2%), although most have not been assessed. Palau’s one
known endemic amphibian (the Palau wrinkled ground frog;
SPREP 2016) is not listed as endangered. 40 native freshwater

fish are known from Palau (Bright and June 1981), but none
have been assessed for status and thus none are on the Red List.
The number of Native Resident birds on the Red List has been
steadily increasing, up from 4 in 2005 to 6 in 2019; with 2 now
listed as Endangered. Thus, 12% of native birds are now on the
Red List. The 2016 Country Data Dossier for Aichi Target 12
(SPREP 2016) estimated that 8% of plants in Palau are threat-
ened. The number of endangered fish and invertebrates relative
to the total number present in Palau is likely low, but most have
not been assessed, either for local population or for global sta-
tus. See also Indicator 56 (marine species, p. 50).

State Grade?®
Class Common name Red List' | Global Trend' | ESA? Palan laws/ Palau’s responses
aueN) (IUCN) (Palau) regulations
Mammal | Pacific sheath tailed Bat Decreasing No restrictions Poor (None)
Palau Fruit Bat (CITES I; See *, p. 50) Stable Exportban | oo
Reptiles Pandanus Skink Stable No restrictions Poor (None)
Birds - Micronesian Megapode (Bekai) Decreasing Protected Land
Native Palau Ground Dove Decreasing Life Act (PLL)
Resident X - N i ;
Nicobar Pigeon Decreasing Good - Local increase
(Year- S
round, Micronesian Imperial Pigeon _
Breeding)® | Giant White Eye " Good
Palau Nightjar Stable Good
Palau Kingfisher (Cherosech) Stable Good
White-breasted Woodswallow Poor (Decreased, p.68)
Common Moorhen, Greater Crested Tern Good
Australasian Swamphen (Wek) PLL Exempt Poor (None)
Great Frigatebird, Red-footed Booby, Brown booby, Sooty Tern Protected Land
Birds - Japanese Night Heron J Dectreasing Life Act
N[igra;lts Far Eastern Curlew (Delerrok); Great Knot Decreasing
r
(I.{ff‘gu : Providence Petrel , Matsudaira’s Storm Varies
VISItofrs,
. Petrel, Common Pochard
winter-
ing)® Bar-tailed Godwit Decreasing
Black-tailed Godwit, Eurasian Curlew, Red
Knot, Streaked Shearwater
Curlew Sandpiper
Red-necked Stint
Lesser Sand Plover, Greater Sand Plover
Red & Gray Plovers, Whimbrel, Ruddy Turnstone, Gray-tailed Tattler
Inverte- Great, White Palau Tree Snails Unknown No restrictions; Poor (None). Small
brates Palau Pandanus Tree Snail . WEVATSHRYSCI  range, hich endemism
Plants Aglaia mariannensis (Mesecheues) Unknown No restrictions;
Cycas micronesica Decteasing Some in PAs
Pericopsis mooniana (Nandu wood Amansis) Unknown
Horsfieldia palanensis (Chersachel) Unknown
Parkia parvifoliola (IKmekumer) Unknown Central pop.
in PA
Palau Palm (Ponapea palanensis) (Esebuuh); Rock Island Palm (Hydriastele No restrictions
palanensis) (Bochelauchererak); Timonins salsedo? outside RISL
Cinnamomum carolinense, C. pedatinervium (Ochod); Xylocarpus moluccensis No restrictions.
(Demedembkur); Garcinia matsudai (Tilol); Terminalia samoensis; T. crassipes
(Chesemiich); Rhbizophora x lamarckii; Ceriops tagal (Biut); Avicennia marina

See footnotes, next page.
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Overview of Responses and Gaps to Primary Pressures

Palau has a draft 2018 Sustainable Forest
Management (SFM) Policy, which still needs to be
adopted. Implementation of Sustainable Forest
Management is an indicator under the Sustainable
Development Goals (SDGs), particularly by tracking
the amount of forest that is managed under long-
term forest management plans. The draft SFM Poli-
cy calls for a “No Net Loss” approach to forests.

Palau has had a resurgence in effort going into sustainable
forest management, driven by Protected Area Effective Manage-
ment needs, Land Use Planning, Research (e.g. into land cover
change and species), Birds, and Invasive Alien Species. This is a
positive and necessary change given many years of minimal at-
tention. Both of Palau’s National GEF-funded projects include
large portions focused on forests. Efforts to conserve, undet-
stand, and sustainably manage forests should continue.

*  Expansion of Nursery capacity.

Pressure | Primary Responses Key Gaps
Fire * Improved response to fire (by fire station personnel). *  Compliance by the public with fire regula-
*  Effective Forest Restoration Methods research in Ngar- tions, Best Practices, and Protected Area
dok Nature Reserve, (e.g. application of 22.5 g/m?* of regulations.
fertilizer per foresting effort (Dendy et al. 2015)). *  Expanded forest restoration efforts
®  Research into fire and role in savannas and succession |®  Other forms of fire prevention and suppres-
(Holm 2015). sion (beyond restoration).
Climate ®  Terrestrial Protected Areas. *  Adaptation responses are slow.
Change *  Identification of resilient areas and Best Practices for * Land Use Planning efforts are slow.
adaptation. *  Forest health/PAN Monitoring is not yet

fully implemented, data analysis is minimal.
*  TFreshwater conservation and monitoring
(quality, quantity) are minimal.

*  Testing and employing biocontrols.
®*  Research into controls and threats.
* Implementation of NISSAP.

and rapid response (GEFG).

Invasive Species | *  Multiple control, eradication efforts; with community, [® Implementation of GEFG has just started.
nonprofit, government, and international support. *  Eradication or removal is very slow and time
*  Regional Invasive Species Coordinator Office in Palau.

*  Identification and mapping, monitoring, compliance,

consuming; takes more person-days than
possible.

®  Freshwater species and biodiversity is not
monitored regularly.

Fungns *  Identification and mapping of infection loci.

*  Removal and control of infected trees slow.

Unsustainable | ®  Protected Areas and Management.
Human Use

*  Little data on extent and type of human use,
including where and what is occurring.

Other *  Update Palau Endangered Species Act (ESA) List * Land Cover Change data, throughout Palau

*  Identifying endemic, endangered plants, mapping extent
and threats (Costion & Lawrence 2012; Costion 2013).

*  1In 2009, 61% (>79) of endemic plant species were con- [ ®  Tracking systems to judge the extent and
sidered Data Deficient (by IUCN Red List standards).
By 2013 an additional 16 species had been assessed (for
distribution, abundance and/or species boundatries),
reducing Data Deficiency by 20% (Costion 2013).

and particularly on Babeldaob, is old and
incomplete.

impact of development and clearing on for-
est are not well established (e.g. a system to
tie earthmoving permits to land maps is still
in development).

This section is written in loving memory of Alan Olsen,

Photo courtesy of PCS

a dedicated advocate for biodiversity and birds in Palau.

Information for this section was kindly
provided by the Palan Conservation
Society, Ann Kitalong, Glenn McKinlay,
or downloaded from eBird.

Alan Olsen founded the Na-
tional Program for Monitoring
Forest and Coastal Birds. His un-
timely passing in 2018 left a gap in
the sector that resource managers
are still working to fill.

State of Birds

Birds indicate general envi-
ronmental health. After a decade
of implementing bird programs,
bird diversity is good, and Biib and
Bekai may be recovering. Belochel
trends are unclear; they are still be-
ing poached. Melabaob decreased.

Pressures on Birds

As key indicator species, birds
are vulnerable to multiple pressures.
While Climate Change is a threat to
birds, the majority of pressure on
birds comes from humans.

Responses for Birds

There are many excellent pro-
grams (eradication, training, en-
forcement, research) for birds, and
these have resulted in the improv-
ing Conditions. However, there is
inadequate protected area for birds,
and a critical shorebird site is not
protected. Data access is good, but
data are not always standardized or
analyzed.

See Indicator 76 for endangered birds.

Addressing issues
in the 2017 SOE

Some species may be in re-
covery, likely as a result of aware-
ness, enforcement, and PAN.
Investment into bird and forest
conservation should continue.

The State of the Birds Re-
port still does not track repeat-
ed variables. It should track in-
dicator species (Belochel, Biib,
Melabaob, Bekai) as well as en-

dangered birds over time.

eBird data are accessible
and useful, but not standard-
ized. There are no new popu-
lation estimates (surveys are
scheduled).

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Fire remains a key primary ire on forests.

Clearing remains a pressure, but the still little data or
tracking of land cover change. The amount and availability

of information on plants has improved drastically.

! Global TUCN Red List Status as of March 2019. www.redlist.org,
Trend as determined by the IUCN Red List as of March 2019. By
order of threat: CR = Critically Endangered, EN = Endangetred, VU
= Vulnerable, NT = Near Threatened.

'ESA = Palau Endangered Species Act, List of Threatened Species.

*Basis for Grade: Subjective. Good = Laws, regulations, and enforce-
ment are adequate to stop local decline; Fair = Either laws or en-
forcement must be improved to stop local decline; Poor = No ad-
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Regular monitoring of forests remains a gap, although

it is improving patticulatly via PAN/Micronesia Challenge

monitoring protocols. There is no publicly available
monitoring data on freshwater quality or quantity.

ditional restrictions and/or species is in decline despite laws.
*SPREP (2016) identified at least 40 molluscs and 106 other inverte-
brates that were threatened, but did not distinguish by type (terres-
trial, freshwater, marine). Many species that have not been studied;
this should not be accepted as the total threatened invertebrates.
> Birds and Timonius sp. are Proposed 2018 ESA listings. All others
from the previous ESA, which is still valid (Kitalong, pers. comm.).
¢E.g., Costion (2013).
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Birds: State, Pressure, Responses
Breakdown of ratings Trend and Pressure

State: Condition & Trend

H Good
Pressures: Condition + Trend Fair
W Poor
Response: Grade | | | Unclear
T T T T T 1 T T T T 1
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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SOE Indicator 77. Bird Diversity

Bird Diversity appears to be stable, but meth-
ods have changed and it is not possible to compare
data directly. Information is included here anecdotally and to
establish a new Baseline. Data here use both National Program
for Monitoring Forest and Coastal Birds (NPMFCB) data and
crowdsourced data. Both types of data are available (and not al-
ways distinguishable) on eBird, an online data sharing platform
(https://ebitd.otg/region/PW ) (accessed April 2019).

In these locations, the suite of expected Native Resident
Bird species have been recorded at least once in 2017-2018 on
eBird.

This 2019 SOE recommends putting a “Watch” status on
this indicator, and recommends that the NPMFCB determine
methods to monitor change in diversity over time using the
available eBird data, as well as include this Indicator consis-
tently in the annual State of the Birds report.

State (km?) Trend Condition™
T ocation Buseline Recent (Cannot be directly compared) Apparent Apparent
New Baseline
2007-2008" 2018!
Neermalk/ ® 24 Resident ® 21 Resident Appears to be Stable
Lge Island * 3 Introduced; 18 Migratory ® 5 Introduced; 5 Migratory (Possible decline and Good
ong tsian 2010-2014% 2018° spread of TAS)’
®  Average=15 native spp./survey | ®  Average=14 native spp./survey
2011-2015* 2017-2018 . ) S
Roclc Islands ® 35 native resident ® 35 native resident Stable Good
Neardok 2011-2015° 2015-2018° Good
N1 N1 37000
& ®  Average=12.4 native residents | ®  Average=9.8 native residents 2011- 2“15’2‘ 18 008
Neeremeskang | 2011-2015° 2015-2018° 20188 a;l_j‘*f)‘fe Gond
I/ DOC
SEICMESKAng | o Average=13 native residents ®  Average=12.1 native residents 006
Mesekelat 2011-2015° 2015-2018° Uncleass . . Unclear
®  Average=10+ native residents | ®  Average of 8.0 native residents /Fair)

! Horii and Eberdong (2018)

2 BNM (2014-State of Bitds). Reported in 2017 SOE.

3 Calculated from monthly table in Hotii and Eberdong (2018), by sub-
tracting IAS and migrants from total species observed.

* Olsen et al. (2016). Reported in 2017 SOE.

> BNM (unpublished data 2015). Reported in 2017 SOE.

¢ Data from eBird (April 2019). Number of species recorded per survey
by Alan Olsen or Milan Eberdong, at locations listed as “Ngardok,
Ngeremeskang, or Mesekelat” or clearly comparable. Data cannot be
compared directly. 2015-2018 data included here in order to establish
a new baseline using available records on eBird.

" Hotii and Eberdong (2018) included the baseline data and noted the
possible decline, but also noted that surveys may not be the same in
terms of tidal cycle (thus influencing migrants), time of day of survey,
or methods. Future researchers should watch for a possible decline in
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Native Resident Bird species and should watch for expansion of range
of Introduced birds.

8 Additional analysis is needed to determine the long-term trend, if the
original data from 2011-2015 can be compared with data on eBird
(2015-2018) at all. There are more records on eBird for 2017 and 2018
than for 2015 and 2016.

? While fluctuating significantly, Figure 177 suggests that over the long
term, the average number of bird species recorded per survey is stable.

1 A national threshold for diversity was set in BNM (2014-State of
Birds), at 10 native resident bird species. 10 species present is the mini-
mal acceptable threshold for healthy/expected diversity.

Number of Bird Species per Record
(eBird, 2015-2018)

z gi \t‘ *

=
(<))

/

Average Number of species recorded,
2015-2018, per survey record
(o)) o]

2015 2016 2017 2018

=¢=—Ngardok =fll=Ngeremeskang ===Mesekelat

Figure 177. Bird diversity over time, indicating possible stability.
Calculated from a selected subset of data on eBird (accessed April
2019), limited to survey records posted by Milan Eberdong or Alan
Olsen (or accompanying associated surveying at the same time), and
averaged per year.
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The Belochel trend is not clear (see Table and
Figure 178). Bird experts conclude that Belochel are
still in decline (Eberdong and Kitalong, pers. comm.
2019). Citizen-Science eBird data suggest that Belochel may
be in the very carliest stages of recovery, at least since 2015.

The trend will be confirmed next year, when a repeat National
Bird Survey using US Fish and Wildlife (USFWS) methods is
conducted. Poaching and consumption (including by leaders) is
known to occur. Regardless of trend, the Belochel population
is far below historical levels (from 14,000 total Belochel in 1991
to 3000 in 2014; the species had already declined before 1991%).
Data collection and reporting methods vary widely. Data
from 1991 and 2005, used to generate population and Birds/
Station estimates, were collected using USFWS methods, by
trained observers, using an 8-minute count per station. Data
were scientifically rigorous and comparable, but hard to use.

sOE mdiaror 75. B@lochel (Micronesian Imperial Pigeon)

eBird Data and limits

Data from 2010 are available on the eBird website, a crowd-
sourced data repository. eBird is where Palau’s resource manag-
ers are storing much of their data, including “official” quantita-
tive monitoring data (e.g. 8-minute counts through the National
Program for Monitoring Forest and Coastal Birds INPMFCB)),
as well as qualitative counts by the NPMFCB, and casual obser-
vations by locals or visitors to Palau (Citizen Science).

eBird data were cleaned and analyzed in multiple ways (see
“scenarios” in Figure 178) for analysis, but even the NPMFCB
data are not coded in a standardized way, which creates a limit
to analysis. This Report recommends that the “official” moni-
toring data collected by the NPMFCB (and partners such as
Koror State) be coded into eBird using standard, repeated tags
(e.g Station Number, 8-minute count, etc.).

State

Trend

Data type 1991 2005

2010 Recent 2010-2018

Birds Per Station:

1.5 birds/station’” | 0.75 birds/station®

Cannot be directly compared

1991 and 2005 (USFWS)
2014-2017 (National Program)

Stations marked 8-minute count (N=20), removing 4/15/2016 pulse®®
2014: 3.65 2015: 2.1 2016: 1.88 2017: 2.8 birds/station

No clear trend

8-minute counts (Red line in Figure 178), pulse on 4/15/2016 removed
1. Birds per minute (limited to data entties labeled “8-minute count”). N=20 (Small sample, some years only 1-2)°

Decreased

Citizen-Science Bird observations, all and limited by obsetvers, (Figure 178), with a pulse on 4/15/2016 removed®
1. Birds per record (all observers and observation types). N=756
2. Birds per minute (all observers and observation types) . N=756
3. Birds per minute (limited to data entries by Olsen and Eberdong). N=129

! Engbring (1992). 1991 Bird Survey. Even in 1991 Belochel had de-
clined: “It is clear from historical records and local knowledge that
the current population is greatly below the previous (natural) level.
This was originally an abundantly common bird. Relying only on data
collected since 1991 misses the fact that Belochel had already declined
substantially before then. Older hunters remember a lot more birds,
and historical records confirm much greater abundance: Baker (1951,
page 192) mentions a Japanese era court case involving payment to a
hunter for 3,500 birds” (Glenn McKinlay, pers. comm. 2019).

?Bitds per station from VanderWerf (2007).

*Ketebengang and Gupta (2011), data from VanderWerf and Olsen.

* eBird data, limited to monitoring data.

> Pulse on 4/5/2016 considered an aberration due to drought (Kital-
ong, pers. comm. 2019). Birds/station calculated from limited data
(8-minute count), by estimating number of stations (“Duration Min-
utes” divided by 8) and dividing the “Observation Count” by number
of stations; averaged.

¢ N=20. 6 records for 2014, 11 for 2015, 2 for 2016, 1 for 2017. In-
cludes multiple observers. Limiting by observer removes years.

©

o]

o
1

©

(o))

o
1

0.40 -

0.20 -

0.00 T T

Belochel (Micronesian Imperial Pigeon), 2010-2018

Birds Per Minute / Birds Per Record

Avg. Birds Per Record/10 - ALL**
e Avg Birds Per Minute - Olsen & Eberdong only

eeeeelinear (Avg. Birds Per Minute - 8-min only*)

2010-2013 2014 2015
= Avg. Birds Per Minute - ALL

= == Linear (Avg. Birds Per Record/10 - ALL**)

e elinear (Avg Birds Per Minute - Olsen & Eberdong only)

2016 2017 2018

e Avg. Birds Per Minute - 8-min only*

= . Linear (Avg. Birds Per Minute - ALL)

Figure I78. Trends in Belochel, indicating no clear trend. Calculated from a subset of data on eBird (accessed April 2019).

* Limiting to cleaned 8-minute counts creates a small sample size.

** Birds per Record reduced by 10x in order to fit onto the figure. Actual birds recorded per record are 10 times higher. Trend line is consistent.
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The population of Biib may be stable or increas-

ing. This tentative conclusion is made with the caveat
that data collection has varied widely over the years; however,
under every scenario (Figure 179b), indicators for Biib trend
upwards or are stable since 2015. Between 2010-2014, Biib de-
creased by 46 to 66% (BNM 2015; reported in 2017 SOE).

SOE Indicaror 79. Bl (Palau Fruit Dove)

Although the BNM (2015) data was analyzed using dif-
ferent methods, the decrease reported there is consistent with
multiple scenarios using 2010-2014 data from eBird (Figure
179a, from eBird). Thus Figure I79b (2015-2018) indicates that
the declining trend in Biib has stopped or even reversed. See
Indicator 78 for a discussion of eBird data and its limitations.

State Trend
Data type 2010-2014 2015-2018 2015-2018
Population/Frequency of | ®  Population decline’ . S . Stable or
Biib ®  Decrease in frequency” Stable or Slight increase in frequency” Increased

! BNM (2015). Reported in SOE.

% Calculated from eBird data, using the same scenarios as in Indicator 78:

1. Birds per record (all observers and observation types). 2010-2015, N=195; 2015-2018, N=1,915

AR

Birds per minute (all observers and observation types). 2010-2015, N=195; 2015-2018, N=1,915

Birds per minute (limited to data entries labeled “8-minute count”). 2010-2015, N=14; 2015-2018, N=32
Birds per minute (limited to data entries by Olsen and Eberdong). 2010-2015, N=165; 2015-2018, N=283
Birds per minute (limited to data entries by Olsen and Eberdong, divided by the number of observers). N=131

Trends in Biib (Palau Fruit Dove),
2010-2014

25

15

0.5

Birds per Minute / Birds per Record

2010 2011 2012 2013 2014

Avg. Birds Per Record/10 - ALL**

e Avg. Birds Per Minute - ALL

Avg. Birds Per Minute - 8-min only

Avg Birds Per Minute - Olsen & Eberdong only
= === Linear (Avg. Birds Per Record/10 - ALL**)
— . =—-Linear (Avg. Birds Per Minute - ALL)

-------------- Linear (Avg. Birds Per Minute - 8-min only)

- - -~ Linear (Avg Birds Per Minute - Olsen & Eberdong only)

Trends in Biib (Palau Fruit Dove),
2015-2018

g
=)}

g
>

=
)

Birds per Minute / Birds per Record
o
N
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2015 2016 2017 2018

Avg. Birds Per Record/10 - ALL**
e Avg. Birds Per Minute - ALL

Avg. Birds Per Minute - 8-min only

Avg Birds Per Minute - Olsen & Eberdong only
= === Linear (Avg. Birds Per Record/10 - ALL**)
— .= Linear (Avg. Birds Per Minute - ALL)

-------------- Linear (Avg. Birds Per Minute - 8-min only)

Linear (Avg Birds Per Minute - Olsen & Eberdong only)

Figure 178a (left, 2010-2014) and 179b (right, 2015-2018). Trends in Biib under a variety of scenarios. Figure 178a (2010-2014) appears to align
with confirmed decrease reported in BNM (2015). Figure 179b (2015-2018) suggests a stable or increasing trend across most scenarios. The
one declining trend is calculated using all available data, including those from casual observers and visitor to Palau; thus it has low confidence.

Calculated from a selected subset of data on eBird (accessed April 2019).

** Birds per Record has been decreased by a factor of 10 in order to fit onto the figure. Actual birds recorded per record are 10 times higher.

Trend line is consistent.

Mengaluliv (White-breasted Woodswallow)

This paragraph was provided by Glenn McKinlay: This sub-
species (potentially an endemic species) was nevet common,
but it now appears to be extinct or very close to extinct in
its former stronghold in Northern and Central Babeldoab.
A very small population holds out in the rock islands, where
breeding success has been confirmed to occut, but also mul-

Palau State of the Environment Report 2019

tiple failed attempts have not succeeded. It could easily go

extinct in Palau in the next decade.

Pratt and Etpison (2008) wrote: “One of Palau’s rarest
endemic birds...Because of its friendliness and limited habi-
tat, it is no match for...airguns, and needs urgent protection
for it to be able to survive on Babeldoab” (p. 104).
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SOE Indicaror 0. MA@l CIOD
(Rufous Night Heron)

Olsen and Eberdong (2014) established Melabaob as an
indicator of coastal health. In 2012 they set a baseline of 12
bitds/count. Melabaob wete found almost exclusively on ex-
posed seagrass meadows at low tide. Indicator 32 shows that
seagrass has decreased.

Using data from eBird, under multiple scenarios it appears
that Melabaob has decreased since 2012 (Figure 180). See Indi-
cator 78 for a discussion of eBird data and its limitations.

State Trend

Data type | Baseline' | eBird (Birds per Recordf | 2012-2018

Birds per 2012: 12 2012: 20 2016: 12
record / birds per | 2013: 14 2017: 8
Birds per count 2014: 9 2018: 11
count 2015: 10

! Olsen and Eberdong (2014).

2 Avg, Birds per Record. Calculated from eBird (limited to data entries
by Olsen and Eberdong), by averaging the total number of birds
recorded per entry.

? Calculated from eBitd, using the same scenarios as in Indicator 78:

1. For ALL, N=1,048.
2. For Olsen and Eberdong, N=759

Trends in Melabaob
(Rufous Night Heron), 2012-2018

2.00

1.80
1.60

1.40

1.20

1.00
0.80

0.60
0.40

Birds per Record / Birds per Minute

0.20

0-00 T T T T T T 1
2012 2013 2014 2015 2016 2017 2018

e Avg. Birds Per Record/10 - ALL**
s Avg. Birds Per Minute - ALL
e Avg. Birds Per Record - Olsen & Eberdong/10**

e Avg Birds Per Minute - Olsen & Eberdong only

Figure I180. Trends in Melabaob under a variety of scenatios, showing
likely decrease. Calculated from a selected subset of data on eBird
(accessed April 2019).

** Has been decreased by a factor of 10 in order to fit onto the
figure. Shape of curve is still correct.

69

SOE Indicaror $1. BEK QI
(Micronesian Megapode)

The species, also found in the Mariana Islands, is current-
ly listed as Endangered by the ITUCN. Radley (2019) suggests
that if the Palau Megapode were assessed separately it might
be deemed Ciritically Endangered, due to its small breeding
population. eBird data indicates that Bekai increased since 2014
(Figure 181). However, there is no comparable data to 2005
National Bird Survey. See Indicator 78 for a discussion of eBird
data and its limitations. There are several pressures facing the
species, including poaching and Climate Change.

Trend
Data type/ Location’ 2005-2018
Birds per minute - ALL, all locations; N=571 Increased
Birds per minute - Kayangel - ALL; N=5 Increased
Birds per minute - Koror - ALL; N=452 Increased
Birds per minute - Peleliu - Limited; N=24 Increased

! Avg. Bitds per Minute. Calculated from eBitd, using all entries
except for Peleliu (labeled entry excluded).

Trends in Bekai (Micronesian Megapode)
2005, 2011-2018

0.35

030 A

| AN

0.20 l \
/

|
0.00 % T T T T T T T T T T d

2005 2011 2012 2013 2014 2015 2016 2017 2018

e Birds per minute - ALL
=== Kayangel - Birds per minute - ALL
@==ie== Koror - Birds per minute - ALL

=it Peleliu - Birds per minute - (Limited)*

Figure I81. Trends in Bekai, by location. Calculated from a selected
subset of data on eBird (accessed April 2019).

SOE Indicaror $2.OMekrengukl
(Palau Ground Dove)

Omekrengukl/Doldol appeats to have decreased, although
there is very little data available. The bird was not observed
at all during monthly monitoring surveys of the Rock Islands
Southern Lagoon in 2017-2018 (Horii 2018). Zero (0) were ob-
served on Ulong Island, where in 2005 they were “easily ob-
served” (VanderWetf 2007). In 1991 thetre were 0.15 birds/sta-
tion (Engbring 1992) but in 2005 there wete only 0.006 birds/
station (VanderWerf 2007). On eBird there are only 53 total
records, and there are many months with zero (0) sightings.
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PRESSURES ON AND RESPONSES FOR BIRDS

OverVieW Of Pressures on Birds (See Indicator 76 for Endangered and Threatened birds.)

Climate Change

Indicator 83

Invasive Species
Indicator 84

Palau’s
to pressures from Climate Change.

@ Sea Level Rise (SLR)

A thorough, 2-year survey of Micronesian Mega-
podes (Bekai) and their nest mounds (from Kayangel to Peleliu)
found that 97% of active nest mounds were less than 5 meters
above sea level. On Ngeanges island in the Rock Islands, 1 of
4 nest mounds had been inundated by surge during Typhoon
Bopha. A year later that nest mound was still abandoned as its
original location was under water during high tides (Olsen et al.
2016). Radley (2019) modeled SLR and predicts that Bekai will
lose 33-43% of their known breeding habitats by 2100.

Typhoons and Storms
A survey in January 2013 immediately after Typhoon Bopha
found that on the east coast of Ulong island, 2 out of 2 (100%)

Poaching and
Harassment

Habitat Loss &
Degradation

Indicator 85 Indicator 86

SOE mdiaror 3. Climate Change Pressures: Storms, SLR, Variability

active megapode nest mounds had been completely washed
away and zero (0) megapodes were observed. Eight months
later there was still no megapode activity. It was not until 2015
that forests on Ulong recovered and megapodes and active
nests were observed again (Olsen et al. 2016).

Indicator 32 showed that in monitored sites, seagrass
cover decreased by 30 to 50% after typhoons, and had not yet
fully recovered. A decrease in seagrass may be associated with
the downward trend of Rufous Night Herons (Melabaob).

Rainfall/Temperatutre Variability

and subsequently negatively impact megapodes.
Changes in fruiting seasons and abundance (Indicator 69)
may negatively impact forest birds.

SOE Indicator $4. AlieN Invasive Species

The impact of Alien Invasive or Introduced species on birds
is known to occur but not quantified. Invasive birds may outcom-
pete native birds. Invasive plants, particularly vines, may damage
forests enough to have an impact on bird populations.

Horii (2018) speculated that the lack of Palau Ground Doves
(Indicator 82) at Ulong island may be due to predation by cats or
rats. Megapode populations have benefitted from rodent eradica-
tion and cat control on Kayangel and in the Rock Islands. Angaur
has the lowest bird diversity of all the forested islands in Palau,
likely due to the presence of macaques (Miles 2017 in Rengill et
al. 2017). Olsen et al. (20106) inspected the stomach contents of
two Monitor Lizard carcasses, and did not find any evidence that
birds were ingested. Radley (2019) found no significant relation-
ship between rats and megapodes in the RISL.

SOE Ludicator $5. POGICHING & Harassment

Poaching of Micronesian Imperial Pigeon (Belochel) and-
Megapode (Bekai) eggs is known to occur but not quantified.
One 2015 record in eBird noted finding a Pigeon that had been
“killed.” Indicator 68 suggests that hunting continues in Protect-
ed Areas. In Melekeok, 64% of respondents to a socioeconomic
survey (Marino and Jonathan 2018) agreed with the statement “I
often see or hear about illegal entry or taking of resources from
the Conservation Area(s).”

Radley (2019) detected significantly more megapodes on
tourist-free islands than on visited ones. During surveys of the
Rock Islands, Koror State Conservation and Law Enforcement
staff found a juvenile White-tailed Tropicbird that had died in
its nest. Horii (2018) reported that “tourists sometimes harassed
the bird.”
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SOE Indicator 86. qu"qt LOSS Gnd
Degradation

All of Palau’s endemic birds are dependent on forests
at some point in their life cycle. Thus, loss or degradation of
forest will have negative impacts on bird populations. Impor-
tant Bird Areas and bird habitats are not adequately protected
enough to prevent habitat loss and degradation (Indicator 87).

Horii (2018) noted that on Ulong island there was

in the beach area, perhaps explaining
the lack of Palau Ground Dove.

Using six years of data from the National Program for
Monitoring...Birds—2787 data entries from 14 inhabited
beach sites from Babeldaob to Peleliu—Olsen et al. (2016)
found zero (0) records of megapode activity on any inhab-
ited beach. Olsen et al. (2016) also found that megapodes
left an area of Ngerchong island after it had been completely
“cleaned” (including removal of forest canopy) after Typhoon
Bopha. Previously there had been three (3) active nests.

SOE Indicator 87.
Protected Bird Areas

(Indicator 73). 26% of
shorebird sites are protected (green on Figure 187), however,
the most important sites for Endangered resident and mi-
grant Shorebirds (such as Northern Peleliu Lkes IBA) are not
protected (BNM 2017-State of Birds). PAN Sites have imple-
mented standardized Bird Monitoring, and training is offered.
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Overview of Responses and Gaps to Primary Pressures

Palau has a very strong conservation programs for birds, (e.g eradication programs and mapping for Bekai; awareness,
with regular monitoring by a cadre of trained resource manag- training, and enforcement for Belochel), there has been some
ers and citizen scientists. Where Palau has invested attention conservation success; more compliance is needed.

Primary | Primary Responses Key Gaps
Pressure
Climate ®  Protected Areas (PAs). ®  Tire remains a problem in PAs (Indicator 68).
Change * Strong ongoing monitoring programs, with training *  Inadequate protection of shorebird habitat.
®  Research and monitoring of birds, e.g. banding shore- *  No clarity on best response following a

birds and translocating and caring for Megapodes.
*  Documenting High Priority Areas.

storm (e.g. clearing/cleaning of toutist sites).

Alien Invasive | ®  Active rodent eradication programs and cat controlon | ®  Follow-up monitoring after eradications.
Species multiple islands, with partnerships and follow-up. *  Biosecurity is still in development (e.g. pos-
*  Ongoing IAS plant removal programs. sible re-introduction).

*  Development and Implementation of Megapode Con- |®  Need Conservation Action Plans for other

servation Action Plan. Endangered Species (Indicator 76).

Habitat Loss | ®  35% of IBAs (mostly forested) are protected. *  Northern Peleliu Lkes IBA not protected.
and ®  Some shorebird sites are protected as parts of MPAs. *  Protected Shorebird sites have low Conser-

vation Priority Scores.
®*  Degraded lands (Indicator 65).

Degradation | ®*  Ongoing land use planning efforts.

Poaching and | ®  Protected Areas. *  Poaching of Belochel and consumption
Harassment | ®  Training programs for PAN Officers. (including by leaders)
*  Awareness programs. * Known demand for regulated species.
*  Inadequate surveillance, enforcement, and
prosecution.
Multiple *  Establishment of the Palau Bird Records Committee *  Continual increase in number of Birds on

(PBRC) with set procedures and ByLaws, as the nation’s
premier authority on birds. and slow but continual increase in their

*  Excellent information on birds, annual reports. threat categories (Indicator 76).

*  Adoption of bird monitoring protocol by PAN. ®  Northern Peleliu Lkes IBA is home to

* National Law prohibiting taking of all birds (minus endangered megapodes (BNM) and endan-
four exclusions). gered Migratory Birds.

®  Accessible and shared data, high involvement of the ®*  Monitoring data not analyzed frequently, not
public and citizen scientists.

the global endangered species list (Red List)

always standardized.

023 Conservation Priority Ranking Scores
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Figure I187. Standardized Conservation Priority Scores for coastal sites based on shorebird diversity. The calculated score is weighted toward rare
species such as endangered migratory shorebirds. Figure from BNM (2017-State of Birds). Green bars represent protected sites. Insez: With the
highest score, the Northern Peleliu Lkes Important Bird Area is the highest priority site for shorebird biodiversity conservation in Palau. Inset
figure by PALARIS, courtesy of PCS.
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EARTHMOVING & DEVELOPMENT

EARTlfM‘OVlNG &__LDE\(]*ELOPI\AE.I\!

Responses associated with Earthmoving and
Development

The information for this section was kindly provided by the
Environmental Quality Protection Board (EQPB) and the

Palauw Antomated Land and Resource Information System
(PALARIS).

State of Earthmoving and Development

The number of permits issued continued to in-
crease, with few land use plans guiding development.
Both the number of violations and the violation rate
increased. Exemptions in the EQPB Regulations
mean that the majority of development is permitted
without a formal Environmental Assessment (EA)
or Environmental Impact Statement (EIS).

The majority of hotel growth since 2012 has
been small/niche.

EQPB continues to review and revise its regula-
tions, and as part of a GEF6-funded National Proj-
ect will review exemptions to ensure that environ-
mental impacts from earthmoving and development
projects are propetly mitigated and assessed. The
project will also support landscape/seascape and
land use planning. EQPB’s appropriation increased
to over $500,000. In 2017, no (0) states had compre-
hensive landscape and seascape plans in place; 4 of
16 states have partial plans or at least some zoning
(Koror, Airai, Melekeok, and Ngardmau).

SOE Indicator $5. EQrthmoving Permits

The clear increasing trend in Earthmoving Permits continued
(Figure 188a), driven by increases in commercial and residen-
tial development (Figure 188b). Note that total permits include
those for existing structures (e.g renovations and extensions).

Total Earthmoving Permits by Year, 2007-2018
(Commercial, Government, and Residential)
350
300
250
200
150
100
50

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

==@==Total by Year

Figure 188a. Total number of Earthmoving Permits issued by Year.
Graphed using data in EQPB (2016, 2018) and Quarterly Economic
Indicator reports (ROP 2017-2018).
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State! Trend
Number of | 2018: 316 e 0
Permits Highest recorded

' EQPB (2018) and Quartetly economic indicators (ROP 2017-2018).

! Golbuu etal. (2011) found that river sediment yield, reef sedimentation
rate, and reef turbidity increased strongly with increasing numbers of
carthmoving permits.

EQPB Earthmoving Permits 2012-2018
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Figure 188b. Earthmoving Permits issued by quarter and type.
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SOE Indicator $9. Ty € Of EQrthmoving Permit /Land Affected

Government and Commercial development affects larger
patcels of land and has had/may have mote environmental
impact than Residential development, especially compared to
individual homes. 2017-2018 saw slightly fewer government
and commercial permits issued.

State! Trend

Number of Government 2013-2014: 127
and Commercial Permits 2015-2016: 297
2017-2018: 280

2013-2016: 56%
2017-2018: 48%

' EQPB (2016, 2018), and 2017 SOE,

Percent Commercial and

Government (combined)

Earthmoving Permits over time,
by Recipient Type
2013-2016 2017-2018

Commercial
20%

Commercial

Residential 24%
Residential

4a%
52% Government
Government 28%
32%

Figure 189. Percent of Earthmoving Permits in two different time
petiods by type of recipient. New data from EQPB (2018).

SOE Indizator 90. ViOlQtions /Violation Rate

The number of Notice of Violations (e.g. violation to permit
conditions or unpermitted) increased (Figure 190). This may be
due to the fact that EQPB secured a full-time Legal Counsel to
pursue violations, or a rapid push to develop.

State! Trend
Number of 2014: 10 2017: 36
Notice of 2015:13 2018: 49 e
Violations 2016: 46
Violation 2014: 8% 2017: 13%
Rate 2015: 6% 2018: 16%
2016: 16%

"EQPB (2016, 2018), and 2017 SOE

SOE Indicator 97. ENVironmental
Assessments/EA Rate

The number and percent of earthmoving projects requir-
ing an Environmental Assessment (EA) has been stable (Figure
191); however, this has allowed projects to occur with negative
environmental impact. Environmental regulations and guide-
lines for triggering EAs for earthmoving projects are ambigu-
ous, resulting in a large number of projects being exempted.
Specific EA exemptions include single or family homes, “small”
developments (including farms and buildings with 4 rooms or
less), and upgrades to existing facilities. Exemptions and incon-
sistencies in the application of EA requirements have resulted
in fewer projects considering environmental impact through an
EA than is environmentally desirable. All EAs are available for

Figure 190. Number of violations versus number of permits (%o).

SOE Indicator 92. KOror Building Permits

Bmldlng permits issued Koror Building Permits

by Koror State have decreased 120

and are fewer in number than

earthmoving  permits  issued
by EQPB. This suggests that
most development is outside
of Koror. In 2017-2018 Koror
issued 102 building permits;
EQPB issued 586 (1:6). In 2013-
2014 Koror issued 108 building
permits; EQPB issued 231 (1:2).
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Number of Permits.

2013 2014 2015 2016 2017 2018

® Commercial ™ Government Residential

public comments during the commenting period (usually 2-3
Violation Rate weeks with the possibility of extension).

18%
- 16% A~ — State Trend
X
E 14% / ~— EAs Number = 21-22
£ 7/ Percent (2015-2018) = 6-7%
g 10%
P sy / 'EQPB (2016, 2018), and 2017 SOE
o~/
= % Environmental Assessments (EAs)

2% . ; ; ; . .

FY2014 FY2015 FY2016 FY2017 FY2018 and other EQPB Permits

25

k-]

g . — )

2 20 ~ ==

2 /

g 15 & /

& 10

‘s ] / -

3 5

5 N

é 0 T 7 T A T T |

FY2014 FY2015 FY2016 FY2017 FY2018

—¢— Environmental Assessments (EA) m-—0zone Depleting Substance Permits

—#r—Pesticide Permits =>=Impact Fee

Figure 191. Number of EAs required as part of earthmoving permit.

Figure 192 (left column). Number and type of Koror building permits.
2017-2018 permits: 75% residential, 17% commercial, 8% government.
2013-2014 permits: 62% res., 29% comm., 15% gov.. Graphed from
data in Quarterly Economic Indicator reports (ROP 2017-2018).
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SOE Iudicator 93. ViSitOr Accommodations, Number of Hotels/Motels

The number of accommodations has increased since 2012,
although much of that growth has been in smaller establish-
ments, but still largely in Koror and Airai (Figure 193a). In 2012
there were 45 hotels/motels (BBP 2017) while in 2019 there
wete 95 hotels/motels (PALARIS, unpublished data 2019). The
number of rooms grew from 1,330 in 2012 to 1,680 in 2017
(BBP 2017). In 2012 there were 32 establishments in Koror and
Airai and 13 in other states (BBP 2017); in 2019 there were 77
in Koror and Airai and 18 in other states (PALARIS, unpub-
lished data 2019). All hotels have been mapped (Figure 193b).

Dype of Accommodation Number in Palan (2019)
Bed & Breakfast 25
Cottages 19
Hostles 2
Hotels 36 (7 Large)
Motels 13

Visitor Accommodations, by State and Size
9 40
8 35 4+—
7 30 -
6 4
25
5 4 [
20 -
4 + -
3 | 15 +
2 I 10 +
1 I—I—I—I—I—I—r 5 L
0 T T T T T T T 0 -
R T T N <
vs‘ o & N @'b O %q\ o 0@
LNCNC IO S ©
o
B&B m Cottage M Hostel W Hotel M Motel

Figure 193a. Visitor accommodations by state. Graphed from data
provided by PALARIS (unpublished data 2019).

Koror State <l Airair State 2

Figure 193b. Map of visitor accommodations (all kinds) in Koror. Figure from PALARIS (unpublished data 2019).

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Earthmoving continues to increase in scope and
impact, although the government is catching up in terms
of monitoring extent and impacts. PALARIS is finishing

land use/land cover maps that will enable more accurate

monitoring of impact. (All hotels and agricultural plots
have already been mapped) A GEF-funded project
is building a database and data sharing and collection

Palau State of the Environment Report 2019

protocols and standards for PALARIS, EQPB, the Bureau
of Agriculture, and the Bureau of Marine Resources.
Land use planning continues, and a GEF6-funded
National Project will increase the number of States with
the capacity to implement landscape and seascape plans.

Correction: There is fine-resolution bathymetry (p. 17).
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The information for this section was kindly provided by
the Environmental Quality Protection Board (EQPB)
and gleaned from publicly available Palan Public Utilities
Corporation (PPUC) reports.

State of Water

Treatment of drinking water and overall drink-
ing water supply are good. Drinking water in the ur-
ban areas of Koror and Airai meets safe standards
for Turbidity and E. Coli. However, water in the
urban area exceeds standards for total coliform and
rural areas exceed turbidity and coliform standards
regularly. This 2019 SOE used updated and revised
EQPB Regulations (2013), thus standards have been

Photo courtesy of BWA/R2R

clarified. Water supply is good on an annual basis,
but supply varies dramatically with extreme weather.
Total use (and waste) may have decreased since 2010.

Responses associated with Water

Palau’s drinking water monitoring program is
excellent. However, there is inadequate monitoring
or information on marine and freshwater resources
(quality and/or quantity of freshwater). Access to
treated water and access to sanitation are almost
100%. Improvements to water and wastewater infra-
structure are likely contributing to decreased average
Fecal Coliform and Turbidity; and to decreased wa-
ter use (from less waste).

E Supply is expected to increase with increasing
DG annual rainfall (Indicator 11); but with high variability
o (storm and drought events). The 2016 drought
D resulted in months of water shortages and rationing;
6.4.2 Water usage in Koror and Airai has been
steady. PPUC reported sales ranging from 730,000
to 800,000 gallons/year between 2014 and 2017 (Figure 194).
Residential sales increased; commercial sales decreased.

PPUC has been installing meters to better account for
water usage, and significant infrastructure projects are reducing
water losses from the system. According to PPUC, conservation
programs and increased customer awareness has marginally
reduced average customer consumption (PPUC 2017).

In 2010, estimated total demand for water in Koror and
Airai was 1,460,000,000 gallons per year (Kitalong 2012); this
included waste and inefficiencies. If water usage in Koror and
Airai is now in the 800,000 gallon/year range, then it appears
that water usage has decreased significantly since 2010.

State? Trend

Annual supply

Likely increasing, with variability

Water usage

/75

Steady (2014-17); Decreased (2010-17)

T sor diarr 9+. Water Supply and Usage (Koror-Airai)

Gallons Sales Trends (PPUC)
900,000
800,000
700,000 +—— —
600,000 +— —
E 500,000 +— —
8 200000 {— N__ |
300,000 +— —— —— —
200,000 +— - —
100,000 +— —
_ 2014 I 2015 I 2016 I 2017 I
Total e Residential e====Commercial
Government ====ROP/Comp

Figure 194. Water gallons sales by PPUC. Figure recreated from
PPUC’s Audit (2017); total sales estimated from figure in Audit.
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m YT SOE Indicator 95. p . ith Fecal Colif p T SOE Indicator 96. bidity ( ) W
LLI e 1 . roportion with Fecal Coliform Present e 1 . g Average Turbidity (NTU LLl
] Drinking Water Coliform . 4] Drinking Water Turbidity (Rural Systems)
n: Fecal Coliform decreased (Eigure I9$a) due. to 20% Turbidity in Koror and Airai is good—far below 2 4'i “
improvements to the Korqr—Alrzu watet qlstnbunon allowed. The annual average indicates that turbidity E is | = N\
: ar'ld Wastewater collection }{nes; howevg, mn 201? the 1% B is usually at acceptable ranges in rural areas (Figure £ '3 N :
O number of times cohfo.rm tested positive was not in compliance 10% 196), but daily variance may put a system out of compliance. $,. ~N—— " O
Wlt}_l EQPB’s Regulz.mons (2013). The more dangerous E. The updated EQPB Regulations (2013) wete used to determine g '2 . . . . . . . . .
W Coli was not fO‘}ﬂd in the urba'n system. 'Toml coliform was 5% the Indicator Grade here; old US EPA standards were used in 2010 2011 2012 2013 2014 2015 2016 2017 2018 m
Ll above the compliance threshold in all locations (see table). The o . . . . . . . . . the 2017 SOE and thus the Grade has been changed (for the i ) L LLl
z number of samples tested increased in 2017 and 2018 (Flgure 2010 2011 2012 2013 2014 2015 2016 2017 2018 same value (1 80/0)). Flgufe 196 (ﬂght)' Turbldlty in rural systems. Data from EQPB (un‘ z
195b). Significant improvements were seen in several locations . : . - published data 2019a).
“ h tive Fecal Colif i 2014-2016 (Fi 195 Figure 195a. Proportion of samples with Fecal Coliform present, Palau- “
with positive Fecal Coliform in B (Figure 195¢). wide (includes Koror-Airai). From EQPB (unpublished data 2019a). State Trend Grade
1
- State Trend Grade* Data type 2010-2018 2018 -
< - . Annual average NTU, Rural Systems 2018: 2.93 NTU Decreased Good? <
Data pe Proportion with Presence 2010-2018 2018 Daily NTU above 5 NTU, Rural Systems 2017: 53 out of 280 (19%) ble
; Proportion and Number with Koror-Airai Public Water System: 0 Stable Good 2018: 51 out of 290 (18%) szl ;
E. Coli Present Rural Public Water Systems:* Annual average NTU, Koror 2017: Avg. 0.50 NTU Decrease 5 B
2017: 10% (27 samples) Dectreased 2018: Avg 0.48 NTU ecreased Good
. 0,
2018: 13% (37 samples) Daily N'TU, Koror 2003-2017: Range of 1-3 NTU
2017-2018 (Combinedy Grade 2017-2018: 0 readings above SNTU Decreased Good?
Total Coliform E. Coli Total Coliform E. Coli 2017 Max=1.23
2018 Max=1.51
Koror/ Airai 8.0% 5.3% (Oikull) Koror: Good
Oikull: Poor ! Data from EQPB (unpublished data 2019a). 2 Below Maximum Allowed (At no time over 5 NTU). Basis for Grade: EQPB Regulations (2013).
- — * Estimate. More than 5% of samples are greater than 1 N'TU, then not in compliance. Analysis here was done using 5 NTU threshold.
Hospital 14% 0% Good
Rural States (Public Water) 15% 7% D _ .
W SOE Indicator 97. W SOE Indicator 98.
Ngerulmud 64% 27% Poor B B

ﬁ Access to Treated Water ﬁ Access to Sanitation

! Estimate, as analysis here was done on yearly

seale, not monthly scale: based on information in Proportion of Samples with Fecal Coliform Present SDG ' The number of ' households with acceoss t(; 0Access to sanitation has improved and is near
2013 EQPB Regulations. (out of total rural samples/year) 6.1.1 p1ped,, treated water increased. In 2915, 99% o o2 100% across Palau.

> Total includes Oikull and Ngerulmud. Palau’s houscholds had access to piped, treated stat Grade

3 EQPB (unpublished data 2019b). 300 water. In Koror and Airai, only 14 households (out of 3,715) are

* Basis for Grade: For those systems with less than 250 did not have access to piped water (2015 Census). Data type 2010-2018 2010-2018

40 samples per month, no more than 1 positive In 2017 zero (0) schools designated as Emergency Shelters

) ) N ) A - Proportion of 2006: 33% without access' Decreased/
iotal COl.lfOIm test per monﬂ} in order to be had rainwater harvesting and filtration systems capable of population without | 2010: 16% without access' Ccfc‘lfc‘
in compliance. For systems with more than 40 1 providing safe water during emergencies (ABD 2018). access to sanitation | 2015: 0.4% without access® Good
samples per month, no more than 5% positive N
Total Coliform tests to be in compliance. ! Kitalong (2012-MDG)

State Grade 22018 SDG Reportt (6.2.1), Census and Statistical information.
0

Figure 195b (right). Number of rural samples

=]
o

«
o

o
s)

[
=]

taken per year, and percent with Fecal Coliform. 2010 2011 2012 2013 2014 2015 2016 2017 2018 Data type 2010-2015 2010-2015 SOE Indicator 99.
Data from EQPB (unpublished data 2019a). Total Present M Total Absent Households with piped, treated 2010: 90%" Increased/ M N . N
water 2015 000 [ arine and River Water Quality
] . . . ] School Emergency Shelters with | 2017: 0° Baseline EQPB monitors marine water quality in limited
9% Locations and Number of Incidences of Positive Fecal Coliform, over time rainwater harvesting and filtration locations (see also Indicator 10 on Acidity).
g 80 . A 2018 Environmental Assessment (EA) for the
-g 70 ; Kitalong (2013). #2015 Census, 2018 SDG Report. roposed Palm Springs Resort on Ngerur Is(land) in Koror
% ADB (2018). prop pring g
s 60 found zero (0) coliform bacteria and low turbidity (0.4-0.78
50 = NTU). A 2018 EA for the Ngellil Nature Island Resort in
£v e Add H : in the 2017 SOE Ngerusar, Airai, found coliform levels below acceptable
£a ressing issues in the , Airai,
2 % 9 (0-20 MPN/100ml) and turbidity of 0.8-2.1 NTU (above
'g " . ' t - Marine water quality monitoring remains a gap, and the Class A Standard). An EA by PECI around M-Dock in
2, [ = D - . s — o —— tliet‘§ is no new inf(:m.naticm on sedimer?mtic‘m Tﬂtes (thus Koror found turbid waters in mangroves and on reef flats;
& 0*&\ @«3"0‘ q,<\°3°\ e&‘* &&&’ @o@’ @7,@' A S \é\ég‘ &?@\ o proxies are used (Indicator 12). There is still inadequate water quality deteriorated rapidly in inclement weather.
v §q‘,\’ v @ & & & & &3,«‘7‘\ & & & gg&@ N information on freshwater supply, efficiency, demand, and River water quality is being monitored in Melekeok
@&6* N total use (nationwide). Newer issues (e.g. saltwater intrusion through the Palau Ridge-to-Reef Integrated Waters (R2R
N4 into a freshwater lens) present action and information gaps. IW) project in partnership with the Belau Watershed
Figure 195c¢. Locations and incidences of Positive Fecal Coliform, over time. Data from EQPB (unpublished data 2019a). Alliance (BWA).
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SOLID WASTE & RECYCLING

610 WASTE 8 RECYCLING

The information for this section was kindly provided by the
Division of Solid Waste Management (DSWM), Burean of
Public Works (BPW).

State of Solid Waste and Recycling

The increase in total waste generated is out-
pacing programs to reduce, reuse, or recycle waste.
Although solid waste programs are good, with col-
lection in 100% of residential areas and numerous
recycling programs, they are not able to keep up with
the amount of solid waste produced.

Photo by A. Gupta

Responses associated with Solid Waste and
Recycling

Programs continue to improve, particularly in
terms of information, recycling, and collection of
special items (e.g. hazardous materials). The total
amount of waste recycled or composted increased,
but as a proportion of total waste generated, it de-
creased. Increasing composting would divert sig-
nificant waste. The Beverage Container Deposit and
Redemption Program has successfully diverted most
beverage containers from the landfill.

SOE Indicator 100. SOlid Waste Generation

Total waste generated has increased drastically, proportion-
ately with GDP, but far more quickly than growth in population

or visitorship. 85 to 88% of waste generated ends up in landfills
(Indicator 103).

State Trend Grade
Data type 2004 2014 2017 2004-2017° 2017
mt/day, Total waste generated, Koror 10.8 16.0 271 Increased
mt/day, Total waste generated, Koror and Babeldaob 28.1° _—
mt/year, Total waste generated, Koror 3,931! 5,840 9,873 Increased i
kg/person/day, Household waste generated, Koror 0.25? 0.40 0.53 Increased
! UNCRD (no date)
Waste Generation, Koror 2 ADB (2014)
06 35 > AMITA (2014)
2 L 30 B *BPW (2017). Draft National Solid Waste Management Strategy 2017-
E 0> / . e 2026. Uses J-PRISM 1II (June 10-15, 2017). Strategy provides total for
:% 0.4 / 20 g Koror and Babeldaob; Koror portion calculated given Urban/Rural
503 r— s 8 percentages provided: 78.7 urban/21.3% rural.
€02 | i _ § * From Figure 3-8 in BPW (2017)
g P02 ¢ Notes on Trend: The first line in Principle 1 in the Draft National Solid
3 rs E Waste Management Strategy is “the preference shall be to reduce the
“ o T T 0 generation of waste and pollutants.” Total waste generated has in-
2004 2014 2017 creased, out of proportion with Koror Population growth and Visitor
—&—kg/person/day, Household waste generated in Koror Arrivals.
—e—mt/day, Total waste delivered to Koror Landfill " Basis for Grade: Follows 2017 SOE. Palau has lower per capita genera-
—a—Koror Population (1000s) tion rate than other Pacific islands (0.66 kg/person/day; SPREP 2012)
. . and other tourist destination islands (0.65 kg/person/day; World
Visitor Arrivals (10,000s)
Bank 2012).
—%— GDP (10 millions; World Bank)

Figure 1100. Total waste generated nationally and by household, compared to population, visitor arrivals, and GDP. Calculated from data in

BPW (2017), 2015 Census, and World Bank (2019).
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SOE Indicator 101. WAISt@ COmposition

According to the Draft National Solid Waste Management 0%

Waste Composition, Koror & Babeldaob

M Koror (2004)
H Koror (2014)

Strategy 2017-2026 (BPW 2017), household waste is domi- |
nated by compostable waste (vegetable/puttescible/kitchen): 0% T

Babeldoab (2015)

44% in Koror and 41% in Babeldaob (Figure 1101). Around 40% -
30% of Koror’s waste is recyclable (paper, plastic, metal, glass,

. . 30% |
and green waste). Beverage containers are no longer found in

household waste in Koror. In Koror, low yard waste (2%) re- 20%

flects successful diversion of green waste from the landfill. 10% |

In Babeldaob, 42% of generated waste is recyclable. A
greater percentage of green waste (14%) is found in Babeld- 0%
aob’s waste stream and a small percentage of beverage contain-
ers (1% is still mixed in with regular household waste. These \(P&

can be attributed to the absence of a green waste collection &

program on Babeldaob and less proximity to the National Re-
demption center (BPW 2017).

Figure 1101. Waste composition. Graphed from data in BPW (2017).

State Governments are responsible for collection of solid waste. Koror’s
S5y investment allows for 100% coverage of residential areas, with once-per-week
1| | collection, accounting for 23% of wastes brought to the M-Dock Disposal Site

(Figure 1102a). Collection in Korot’s 42 segregation facilities in 7 out of 12 ham-

lets is done daily, including weekends. These segregation facilities were established in 2007

with bins set up to separately collect paper, plastics, aluminum cans, glass, green waste, and

kitchen waste. The system was simplified in 2012 to mixed recyclables and residual wastes.

Collection of green waste is upon request (BPW 2017). Figure 1102b indicates the originat-

ing source of waste to M-Dock (BPW 2017).

In 2017, because of the large volume of food waste in Palau’s waste stream (1101),
about 40 participating households were provided with composting bins and wood chips
by Koror State to facilitate composting of food wastes. These are collected weekly. A
pilot project was also collecting food waste from one hotel on request. Free compost was
available as an incentive for participation. Food waste from most schools and hotels go to
piggery farms (BPW 2017).

As of 2017 there was a special collection of all types of plastics weekly from 45
participating households and 25 participating businesses (mostly auto shops generating
big plastic scraps like bumpers). Commercial wastes are collected and disposed by either
private companies or by the business owners themselves.

Work on a new National Landfill in Aimeliik began in 2017. Waste from all states will
be aggregated and the collection regime will change.

Figure 1102a (right top). Percent of waste directly transported to M-Dock, or collected as part of
Koror’s collection program. Graphed from data in BPW (2017).
Figure I1102b (right bottom). Source of waste brought to M-Dock. Graphed from data in BPW (2017).

T soF mdiarer 102. Waste Source and Collection, Koror

Transportation of Waste to
M-Dock Disposal Site

Source of Waste to M-Dock

Marine

Residential RISL
27% 3%

Government

Business/ Retail Stores 4%

School 13%
21%

SOE Indicator 105, TOtAl Diversion/

State | Trend® Grade

Recycling Rate

2017 | 2014-2017 2017

Percent of waste recycled,

11.7%*

SDG The National Recycling rate appears to be stable Stable Poor
[ZEEEY at around 12%. Etibek (2017) estimated that the re- Koror and Babeldaob (want (18% o
cycling rate from 2013-2016 was at least 12%. According to Total waste recycled, 3.991 increase)’
J-PRISM II measurements from 2017 in BPW (2017), the na- | [oror and Babeldaob mt/day
Percent of Residential ~51%?

tional recycling rate (based on disposal at M-Dock) was 11.7%.
Etibek (2017) estimated that 51% of residential waste was re-

waste recycled or diverted

Nz Good*

cycled; however, residential waste accounts for only a small per-
centage of total waste generated (Indicators 100 and 102). The
Palau NBSAP 2015-2025 established a national goal to recycle
65% of Palau’s waste. The new National Landfill in Aimeliik
will likely change the recycling and collection regime.

22017 SOE.
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' BPW (2017), from flowchart (Figure 3-8).

> NBSAP goal is tecycling 65% of national waste. To meet this, the
recycling rate must increase rather than remain stable.
*78% of way to NBSAP goal.
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N sok mdiaror 10+. COmposting Amount and Rate

m Approximately 2% of total waste generated in

S5/c) | Koror and Babeldaob is composted (BPW 2017), an
15 | average of 0.48 mt/day. This is approximately 8-10%

of residential waste. The rate appears to be steady.

Volume of Composted Materials,
Annual Total (2013-2016)

GRS RE R §

2013 2014 2015 2016

Green Waste m Cardboard M Kitchen Waste

Figure 1104. Total composted. Graphed from data in BPW (2017).

State Grade
2009-16 | 2013-16° 2016
Amount Composted (mt/yr) ~164! 1752 Increased
1 0,
ot | v | v [
Composting rate (% of total 20,
waste generated)

! Calculated from Etibek (2017). Original was presented as total from
2009-2016 (1,153 tons). Composting rate for household waste is pro-
vided in report, compared to AMITA (2014).

* Calculated from BPW (2017). Original was presented in daily form
from 2013-2016 (0.48 mt/day) and as a total yeatly percent. Com-
posting rate is calculated as percentage of daily household generation
rate (0.48/6.1 mt/day), from J-PRISM II, 2017.

*BPW (2017).

* Basis for Grade: Subjective. Compostables make up the majotity of
waste generated in Koror (58%) and Babeldaob (41%); thus the
amount being composted is very low.

QO Palau’s attempt to recycle plastic (non-beverage)
SDG into oil is still in the experimental phase. The facil-
1) | ity was repaired after a fire and back in operation in

October 2017. Plastic recycling was around 0.10 mt/
day; approximately 2% of total waste.

On average (2013-2016), neatly 9 million beverage contain-
ers (aluminum and steel cans, plastic, and glass) are redeemed
for recycling annually. This diverts 5% of total waste (39% of
residential waste) from M-Dock. Since the redemption pro-
gram began in 2011, 87.3% of containers (less than 32 oz) have
been redeemed and then recycled. However, the redemption

2017 State | Grade
Redemption rate, Beverage Containers 87%
Plastic Recycling rate, Total 2%

' DSWM (2017), Beverage Container Recycling Program Annual
Report.
* Basis for Grade: Expected is 80% (DSWM 2017).

T sor diarr 105. Beverage Container and Plastic Recycling

rate decreased from its start (BPW 2017; Figure 1105), indicat-
ing a need for more outreach and awareness. Additional data
on type of container imported would improve such outreach
(DSWM 2017).

Beverage Container
Deposits and Redemptions, 2011-2017

20,000,000
- 18,000,000
- 16,000,000
- 14,000,000
- 12,000,000
- 10,000,000
- 8,000,000
- 6,000,000
- 4,000,000
- 2,000,000
Lo

Redemption rate (%)
Number of bottles

2011 2012 2013 2014 2015 2016 2017

mmm Number of Deposited mm Number of Redeemed Redemption Rate

Figure 1105. Beverage container recycling, Data from DSWM (2017).

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

Solid waste management is expected to improve
nationwide when the new National Landfill is operational.

Information on waste and recycling improved.
Monitoring was undertaken around the M-dock Landfill
at regular intervals through the Division of Solid Waste
Management, Bureau of Public Works (DSWM-BPW) and
Koror State Government (KSG), after a monitoring plan
was developed (BPW 2017).

The total amount of waste composted increased,
partially through continuous promotion of the composting

program in the community, as well as innovative pilots.

Palau State of the Environment Report 2019

DSWM-BPW established a drop off station for
hazardous waste (Mottainai Yard).

Increasing waste generation associated with GDP
growth is outpacing the capacity of DSWM-BPW, KSG,
and the current disposal site at M-Dock.

There is still no overarching Solid Waste Act, but
rather an amalgamation of laws (e.g. Environment Quality
Protection Act and EQPB Regulations, Recycling Law,
Littering Law, Plastic Bag Use Reduction Act). There are
still gaps in the disposal of medical waste and types of
hazardous wastes.
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Resilience in Agriculture and Aquaculture (“Food

Palan Automated Land and Resource Information Systemr  Policy”; Kitalong et al. 2015) sets the goal that local

(PALARIS), or was gleaned from publicly available reports.

State of Agriculture

Agricultural  production and  participation
has increased. All farms in Palau were mapped in
2016, providing an excellent baseline of spatial
information. However, there is inadequate tracking
of actual production, and growth is too slow to meet
demand and targets. The Palau Policy to Strengthen

production of food meets 50% of needs by 2020.

Responses for Agriculture

nursery trees,

Facilities to serve the agricultural sector have
expanded, including opening of the National
Slaughterhouse, identification of and support for
Best Practices, expansion of agroforestry through
and control and removal of IAS
(including vines and fruit flies).

L sok mdiaror 106. AQricUltural Production and Consumption

co

Agricultural  production
likely increased, although this
information comes from indirect indi-
cators. Total imported value of animal
and plant products was steady or slightly
decreased between 2013 and 2017 after
steadily increasing after 2007. Consider-
ing that GDP and generation of waste
increased (Indicator 100, Figure 1100),
as well as the consumer price index for
food, this decline of food import value
may mean increased consumption of lo-
cal food products (Figure 1106a).
In 2016 PALARIS completed map-

ping of all farms (PALARIS 2017; see
maps next page). The total amount of
agricultural land (upland, taro, agrofor-
est) was 543 hectares (5.43 km?). This is
a significant increase from previous esti-
mates of 306 hectares (51 hectares up-
land (FAO 2014) and 255 hectares taro
(Del Rosario et al. 2015); Figure 1106b).
In 2012 there were 16 commercial farms
(FAO 2014); in 2016 there were 19 farms
producing exclusively for commercial
markets (PALARIS 2017).

The  National  Slaughterhouse
opened in early 2018 (Figure 1106c).

Value of Imported Foods/Animal and Plant products

25
20 ~
] /
= cmmmmme
S 15
@
glo /
2 e —
E 5
0

=== |jve animals: animal products

=== Animal or vegetable oils & fats

FY2007 FY2008 FY2009 FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 FY2017
== \/egetable products

=== Prepared foodstuffs, beverages, spirits & tobacco

Figure I106a. Imports, FY2007-FY2017 (CIF Value, $US millions). Data on Merchandise

Trade from BBP (2019).
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Total agricultural land
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0 T

Prior to 2014 2016 (mapped and
(estimate) measured)

Hecatres

Figure 1106b. Total agricultural land. Data
from 2017 SOE and PALARIS (2017).

Pigs processed for
individuals at the

Slaughterhouse
10

o N s o 00
'

Average per month Average per month
(April to August 2018)  (Jan. to March 2019)

Figure I106¢c. Average number of pigs pro-
cessed. Calculated from data in the MNRET
newsletters (August 2018 and March 2019).
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The number of participants in agriculture
increased. The number of students enrolled in and
graduating from agricultural science at the Palau
Community College (PCC), plus teaching staff, all
increased between 2013 and 2018 (Figure 1107a;
BBP 2017).

Employment in Agticulture/Forestry (census
data is combined) increased both in terms of numbers

Agricultural Science at PCC
60

50
40 ~
\/

30

20
10 /
\=7 /

0 T T T T d
2013-2014  2014-2015 2015-2016 2016-2017  2017-2018

Number of teachers/students

=== Enrollment (Fall Semester)
== Teaching Staff
====Number of Graduates

SOE Idiaror 107. PArticipation in the Agriculture Sector

and percent of the workforce (Figure 1107b; BBP 2017).
Participation is dominated by men (Table 1); in 2015 31%
of total agricultural workers were female (across all types of
farming, including taro and upland; and part- and full-time).
Women generally have ownership or rights to their agricultural
land. 63% of agricultural workers in 2015 were foreign-born/
not Palauan, and mostly male. Foreign-born agricultural workers
generally do not have ownership rights.

Employment in Agriculture/Forestry

140 1.2%

120 L 1.0% 8
2 8
(7] k3
£ 100 - 0.8% &
] H
2 80 - 2
5 - 0.6% B
g 60 bl
'E - 04% 2
S 40 A s
= L 02% §

20 -+ 2% 9

0 - . . . . - 0.0%

FY2013 FY2014 FY2015 FY2016 FY2017

mmm Employed in Agriculture/Forestry === Percent of workforce

Figure 1107a. Enrollment, staff, and graduates in Agricultural Science
at PCC. Data from BBP (2017).

Babeldaob Farms

State Boundaries

Scale Bar 1:

Indicator 106 maps. Example of farm maps: Babeldaob, Koror, and Angaur.
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Figure I1107b. Employment in Agriculture/Forestry. Data from BBP
(2017)

el

|

Angaur EACC Map

Table 1. Summary Upland Agriculture Sector and Participants

47% of irrigated lands are in Koror and 18% in Airai.

Description Total Source
Total number of mapped upland farms 481 1
Number of those farms producing exclusively for the market 19 / 4% 1
Number farms producing for both market and subsistence 173 / 36% 1
Number and percent producing exclusively for subsistence 302 / 60% 1
Number of upland farms with some wetland or semi-wetland 71/ 15% 1
Total number of farms on Babeldaob 331 / 69% 1
Total number of farms on Koror 116 / 24% 1
Total number of farms on outlying islands 34/ 7% 1
Percent urban farms (116 Koror + 82 Airai) compared to 41% urban / 59% rural 1
Rural farms (249 rural Babeldaob + 34 outlying island) Farms producing any for Market are 50% urban and 50% rural.
Locations of highest valued farms ($5000+) 17 farms: 100% Babeldaob; 1
Airai = 10 farms; Aimeliik = 4 farms; Ngaremlengui, Ngatpang,
and Ngchesar = 1 farm each.
59% of the highest valued farms are in Airai (defined urban)
Average annual production value from market-only farms $7,300/yt/farm 1
Average annual production value from market/consumption farms | $3,200/yt/farm 1
Number of households operating any land for agriculture purposes | 1179 / 25% of 4713 houscholds 2
Average size of household agricultural land (including taro) 1200 square meters/household with land 2
50% of households owned more than one parcel of land;
average size of individual parcels is estimated at 530 m?
Number of households reporting having a kitchen garden 593 / 13% of total households 3
Number of Full-time Agricultural Workers (includes individuals 486 / 29% female; 71% male 2
working in wetland taro) This is an 8% increase from the number of full-time
agricultural workers in the 2005 Census.
Number of Part-time Agricultural Workers (includes individuals 616 / 2
working in wetland taro) 33% female; 67% male
Individuals reporting income from crops and average income 2,109 individuals (over 15 years old) / $904/person 22
Number of farmers identified as “Organic Farmers” 100* 4,1
PALARIS Farm Survey: 70% of market-only farms use
pesticides; 30% of market/consumption farms use pesticides.!
Origin of agticultural workers 178 Palauan / 307 Foreigner 37% Palauan / 63% Foreigner® 2
PALARIS Farm Sutvey: 12 out of 19 commertcial farms hired
Farm hands: 51 farm hands, mostly foreign males.'
Estimated value of fruit and vegetable production (excluding taro) | $3.5 million in 2014 5
Alternative estimated total value of fruit and vegetable production $7 million
(considering informal sector)
Estimated total value of betel nut and pepper leaf production $15 million/yr 7
Number of individuals earning income from handicraft or home 91/ 2,3
processed food production from agricultural products (including 66% female / 33% male
taro) 44% urban / 56% rural
Estimated value from added-value processing of agricultural $1,700 / household 3
products
Extent of Irrigation 91 parcels out of 1638 permanent crop parcels / 6% 2

! PALARIS (2017). Farm Survey.
22015 Census.

32014 HIES
+ ADB (2017)

> ROP Economic Review (PITI ® McGregor et al. (2012)
2016) 7 FAO (2014)

Addressing Pressures, Risks, and Gaps reported in the 2017 SOE

There is still inadequate monitoring of production,
local use, and local demand, including inputs, outputs, and
losses.

Pressures from climate change (see section on Forests)
remain high and only some are being mitigated through

83

Best Practices. Biosecurity is slowly improving. The sector

is in a difficult situation whereby it needs labor, but the

most ready source of labor is foreign. There has not been

adequate attention paid to the foreign/local element (e.g.

human rights, perceptions, and attitudes).
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N SECTOR & TRANSPORTATION

Information in this section came from publicly available Palan Public Utilities
Corporation (PPUC) reports, the Palan Energy Administration (PEA), and the

National Development Bank of Palan (NDBP).

State of Energy

Renewable energy and Energy efficiency both increased, but at a
pace that is inadequate to meet goals. Total energy consumption in-
creased drastically, reducing the proportion of renewable energy pro-
duced and consumed. Car imports appeared to be decreasing.

Photo courtesy of Palau Energy Administration

Addressing issues in
the 2017 SOE

Growth in renewable energy

and efficiency remains slow. Risks

associated with car imports are still
unmitigated (e.g. through improved
regulations and restrictions on
importts).

SOE mdicaror 108. TOYAl Energy/Electricity Consumption

Energy consumption continues to increase.
Consumption of electricity held steady for
government and PPUC (ROP/Comp Units) between

FY2012-2017 and increased for commercial and residential
units (Figure 1108a). Fuel consumption in gallons increased
(Figure 1108b).

State’

Total: Increasing

Trend?

Fuel consumption

Electricity consumption Total: Increasing

! See figures. 2 Palau is moving away from its stated goal.
g g y g

Palau’s goal (Palau National Energy Policy and the
Nationally Determined Contribution (NDC) to the UN
Framework Convention on Climate Change (UNFCCC)) is to
reduce diesel consumption (from 19.8 to 14.7 million liters/yr),
and thus reduce CO, emissions. The target for CO, is to reduce
emissions from 53,000 to 39,200 tons/yeat, from a mixture
of reductions, renewables, and efficiencies. At current fuel
consumption rates, Palau is moving away from its goal. Data
and strategies to offset fuel consumption will be ready in 2020.

Consumption of Electricity by Type of
Customers, (KwH ‘000), 2012-2016
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Figure 1108a. Consumption of electricity by customer. Graphed us-
ing Utility Statistic data (BBP 2019b)
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Figure 1108b. Fuel comsumption in gallons. Graphed from PPUC
(2017). Fuel imports from Balance of Payment statistics (BBP 2019¢).
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SOE Indicator 109. RENEWQAlE ENnergy

8% of Palaus energy came from renewable
sources (Palau Energy Admin. 2018). Share has been
increasing steadily, but at its rate (increasing share by
1-3% per year), Palau will not meet its Palau Energy
- Policy Target by 2020 or its UNFCCC target by 2025.
Solar usage in proportion to the total kWh consump-
tion increased from 1% in 2016 to 2% in 2017 (PPUC 2017).

Renewable Energy, Production & Share
10%

S

_” - 8%

/ - 6%

/ - 4%
/ - 2%

T T T 0%
2009-2011 2015 2017 2018

w

[

Production (MW)
N

Share of Total Energy (%)

o

Amount of renewable energy produced e===Renewable share

Figure 1109a. Renewable energy production and share. See table.

Solar Consumption (kWh)
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Figure 1109b. Solar electricity consumption. Data from PPUC (2017).

soE Iudicaror 111 V€HiCl@S/IMmports

It appears that vehicle imports may be slowing, after a peak
in 2011, as suggested by declining car imports (through 2016;
Division of Customs 2017) and declining total value of vehicle
imports (BBP 2017). However, the total number of registered
cars in Palau remains high (Figure 1111).

Vehicles and Vehicle Imports
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. . . . . S

FY2012 FY2013 FY2014 FY2015 FY2016 FY2017

mmm Number of imported cars
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=== |mports of vehicle & transport equipment (USS$)

Figure I111. Number of cars imported graphed from Division of
Customs 2017). Number of registered cars and value of imported
vehicles graphed from BBP (2017).
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State Trend | Grade
Solar Energy *  2015: 1.3 MW! Increased Poor®
Production o 2018:32 MW [N 016!
Renewable Share | ®  2011: 0.3%°
(of total energy *  2015: 3.2%! Increased
production) * Feb2017:5% | Poor

*  Dec 2018: 8% (NDC)

Solar electricity
consumption types®

Increase by all user .
Y Baseline

Increased

! Palau Energy Factsheet (NREL 2016).

% Provided by Palau Energy Administration (unpublished data 2018).

*Energy Snapshot, Energy Transition Initiative NREL 2015).

* Provided by Palau Energy Administration (unpublished data 2017).

*PPUC (2017).

¢ When compared to Palau’s 2025 NDC (Nationally Determined Con-
tribution/UNFCCC). The NDC target is 38.2 MW, or 45% of pro-
duction. Palau is 18% of the way to its NDC target.

"When compared to the Palau National Energy Policy (EP) Goal of 20%
by 2020. Palau is 40% of the way to its National Energy Policy Goal.

SOE Idiaror 170. EN@rgy Efficiency

Efficiency increased (based on limited data).

PPUC increased fuel efficiency and reduced energy

losses by upgrading infrastructure and equipment.

Fuel efficiency has been increasing since 2011 and losses have

been decreasing since 2014 (Figure 1110a; PPUC 2017). NDBP

offers a subsidy program to support energy efficient homes (or

upgrades). Participation varies based on both funds availability

and homeowner participation (Figure 1110b). Residential and

government efficiency savings, representing a savings of 4% of

total energy produced, were from one-time projects (e.g. CFL

Campaign, in 2017 SOE). By 2020 the PEA will have data and
strategies to address overall Energy Efficiency targets.

Energy Efficiency and Loss (PPUC)

13.0 45%
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. - 40%
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===Efficiency (kWh/gallon)  ====Energy Loss (%)

Figure 1110a. Energy efficiency and losses. Data from PPUC (2017).

Energy Efficient Homes Project,
NDBP Expenses
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Figure I110b. Expenses. Graphed from NDBP Audits (2011-2017).
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ENVIRONMENTAL HEALTH

During the period when this report was being prepared
(December 2018 to April 2019), the Divvision of Environ-
mental Health (DEH) was tasked with containing a Dengue
Fever Outbreak as their first priority. They were not able to
provide information for indicators in this 2019 SOE. The

Dengue Fever Outbreak

In December 2018 the Ministry of Health (MOH)
activated its Emergency Response Team to address an
outbreak of Dengue Fever. Between December 2018
and April 2019 the Division of Environmental Health
has been active with dengue prevention through vector
control and strengthening mosquito control. Between
December 2018 and April 7, 2019 there were 150 lab-
confirmed cases of Dengue (MOH April 9, 2019 Dengue
Report; Figure, right).

An outbreak of Dengue Fever occurred between
October 2016 an June 2017, with a total of 329 cases
(MOH 2017). There was a small increase in Dengue Fever
cases in 2011 (120 cases) although the number did not
reach outbreak status. The last outbreak was in 2008, with
202 cases (Appanaitis 2014).

Healthy Diets and Lifestyles

The percent of adults who ate five daily servings of
fruit and vegetables increased slightly (8% in 2015; 9.9%
in 2017). 20% of adults reported eating less than one
serving of fruits or vegetables daily. 49% of adults were
characterized as having a Low Level of Physical Activity
(MOH 2017b).

In 2016, 29% of children aged 5-11 were overweight
or obese (19% obese). 17% of children had Light or
Inactive physical activity (MOH 2017).

Health is a consideration in landscape and land use
planning efforts and agriculture.

Figure, right. A panel from the MOH weekly Dengue report. #18,
accessing April 15, 2019. http://www.palauhealth.org/MOHpages/
MOHDengueSituation].aspx

Palau State of the Environment Report 2019

Photo by A. Gupta

2017 SOE included indicators on nutrition, Dengne Fever,
air quality, exposure to lead, store inspections, and communi-
cable disease surveillance. Some new information is summa-
rized below. DEH and Ministry of Health reports may be
Sfound on www.palanbealth.org.
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The information for this section was kindly provided by the
Palau Conservation Society (PCS), or was gleaned from
publicly available reports.

State of Awareness and Capacity

Public awareness of environmental and con-
servation issues remains high, although may have
decreased. The sector has shifted towards targeted
outreach to key stakeholders who directly influence
resource use or management. Additionally, the sec-
tor is now investing in improving public participa-
tion in environmental activities and decision-making;
Indicators for public participation are relatively low,
or set here as baseline information. The growth of

PAN and the introduction of new initiatives (such
as the Sustainable Tourism Framework and bienni-
al National Environment Symposium) has brought
many new people into the environment sector. Thus
most indicators here are presented as baseline.

Responses for Awareness and Capacity

The Environment Sector remains very active and
is increasing its own capacity and inclusivity, as well
as that of stakeholders. There are many targeted and
national opportunities to participate in conservation
or benefit from capacity building. The sector also
rapidly adopts and transfers new skills to key stake-
holders (e.g. Results Based Management).

SOE Indicator 112. PUDlIC AWareness

The environmental sector continued to invest in public
outreach, and maintains high levels of awareness in the pub-
lic on issues of conservation. The percentage of community
members aware of certain initiatives (PAN, Bul, and Conserva-

2019 SOE. The two reports used socioeconomic surveys from
different states. This may be due to a shift to more targeted
stakeholder-driven outreach rather than public outreach; how-
ever the conservation community should keep an eye on this

tion Areas) decreased in the period of the 2017 SOE and this indicator.
Community awareness of: State' | Change? Grade*
Aware of PAN 78% Dectreased (92%)
Aware of Bul 81% Decteased (86%)
Aware of theit State’s Conservation Area(s) 87% Decteased (92%)
Aware (at all, even if low) of regulations pertaining to their State’s Conservation Area(s) 55% Decreased (70%)

Aware of the Micronesia Challenge

46% Increased (43%)

conservation-related shows

Highest on-island population using the Internet to access Palau Wave Radio during

6% Baseline

Average number of times PCS Talk Show Videos are viewed (online) on 87.9 Eco-Paradise 700°

Baseline

Program (2016)

Percent of 4th and 5th graders participating in field activities as part of the Ridge to Reef

86%° Good

! Socioeconomic surveys from 2017 to 2019 for Angaur, Airai, Me-
lekeok, Ngatpang, and Koror:
1. Marino et al. (2019-Koror)

2. Marino and Jonathan (2018-Angaur)
3. Matino and Jonathan (2018-Melekeok)
4. Marino et al. (2017-Ngatpang)
5. Marino et al. (2017-Airai)
87

*Compared to values in the 2017 SOE. 2017 averaged 5 Socioeconom-
ic surveys from Peleliu, Ngiwal, Kayangel, Ngchesar, and Ngaraard.

* Data from PCS (unpublished data 2019b).

* Basis for Grade: Subjective. >75% is defined as Good. The 2015-
2025 NBSAP calls for an increase of 30% (of public awareness of
biodiversity issues).
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SOE Iudicator 113. PUbDIlIC Participation in Environment

The Palau NBSAP includes a goal of increasing public
participation in environmental decision making process. To-

gether with awareness, public participation provides evidence
for public resilience and self-reliance.

Community who have:

State Grade

I or someone in my household have participated in some form of environmental outreach

47%'" (Decteased - 69%)

T or someone in my household participate in most/all of the activities related to the

o/1 = Al
Conservation Area(s) in my State 1% Good
Average number of participants participating in hearings for proposed development projects 432 Baseline
Number and Percent of Dive Shops participating in Green Fins Initiative (e.g. sustainable 9 (47% of dive shops; .
. . Baseline
industry guidelines) 29% of tour operators)
Ratio of Number of participants in the 2018 National Dialogue on environment issues in Palau 89:239* .
( Baseline
to Number of employees in the NGO and non-profit sector (1:3)
Average number of participants in State Protected Area/Conservation Planning Teams 13° Baseline
Ratio of Number of members of the Palau Conservation Society to Number of adults/ 543:13,823° .
: Baseline
workforce (16+) in Palau (1:25)

! Socioeconomic sutveys from 2017 to 2019 for Angaur, Airai, Me-
lekeok, Ngatpang, and Koror. See Indicator 112 for references.

> At 2018 Public Hearings: Jennifer Renguul & Chatley Kenty Project
(Koror) - 25 participants; Ngarchelong Sandmining Project - 69; Fu-
neral Home and Chapel (Airai) - 35 ( PCS, unpublished data 2019b).

> Number of participating Green Fins members from PCS (unpub-
lished data 2019b). Total number of Dive Shops in the PNCC 2018
phone book is 19; total number of Tour Operators is 31.

* Number of National Dialogue participants from PCS (unpublished

data 2019b). Number of NGO/Non-profit from BBP (2017); as-
sumed to be same for 2018. Not all participants in the National Dia-
logue are employed by the NGO/non-profit sectot.

> Active in 2018: Ngaraard - 16; Ngardmau - 11; Airai - 12

¢ Number of members from PCS (unpublished data 2019b). Number
in labor force from 2015 Census; assumed same for 2018.

" Basis for Grade: Subjective. Good >75%; Fair=30-75%; Poor <30%.

¥ Basis for Grade: Subjective. Good is more than 10% of community
active in all or most activities.

sOE Iudicaror 114. CAPACity Building ]
PCC Environment Programs
The growth of PAN and adoption of the Sustainable
Tourism Framework are two examples of how the environment P 2 80
sector has truly become more community-based, with hun- § 20 = L 60 .
dreds of new participants. Building the capacity of these new K] 15 _ / 3
environmental sector employees, volunteers, and community g ~_ / - 40 %
members introduced new challenges that are only now being § 10 —r z
' L w
addressed. A significant push in the last two years has been to E, 5 e 20
build management and planning skills within PAN and commu- § 0 0
nities, with an emphasis on Results Based Management (RBM). = 2013-2014 2014-2015 2015-2016 2016-2017
Figure 1114 (right). Trends in PCC teaching, graduates, and enroll- Total PCC Environment Programs Teaching Staff
ment. Environment Programs compiled from Agricultural Science e==Total PCC Environment Programs Graduates
(AgSci), Environmental/Marine Science (Env/MarSci), and STEM. Total PCC Envi p Enroll
Data from BBP (2017). ota nvironment Programs Enroliment
State Grade
Percent of PAN Officers or PAN Staff who took part in field training 32%!
Percent of PAN Officers who participated in Results Based Management (RBM) training 27%* Baseline
Ratio of Number of participants in dialogues/trainings on RBM to Number of employees in 59:239° Baselin
the NGO and non-profit sector 1:4) S
Percent of K-12 teachers participating in trainings on biodiversity or sustainable development 44%* Baseline
Teaching Staff, Graduates, and Enrollment at PCC in Environment Programs (Agricultural 2013-2014: 70° Increasine
Science, Environmental/Marine Science, or STEM). See Figure 1114. 2016-2017: 93 creasing

! Forest monitoring and Surveillance training (PCS, unpublished data
2019b). 94 Employees paid for by PAN Fund (PAN Fund 2017).

225 participants in training (PCS, unpublished data 2019b).

> Number of RBM participants from PCS (unpublished data 2019b).
Number of NGO/Non-profit from BBP (2017); assumed same for
2018.

Palau State of the Environment Report 2019

* Number of participants from PCS (unpublished data 2019b). Num-
ber in teachers from MOE (2016 - Education Statistical Yearbook);
assumed to be the same for 2019.

5 All PCC numbers from BBP (2017).

6 Basis for Grade: Subjective. Good is >75%; Fair is 30-75%; Poor is
<30%.
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This section is written in loving memory of Dr. Caleb Otto,

a passionate champion for human rights

and a tireless advocate for the health of humans and the environment

Palau is different from much of the developing world in
that women have a strong voice and role in decision making,
However, roles are rapidly changing for every gender, age, and
socioeconomic bracket. Palau’s Gender Division has adopted
an approach of overall inclusivity, focused on both gender and
multiple vulnerable populations. Whether a person is vulnerable
varies highly with the situation. Palau’s Gender Mainstreaming
Policy states that a “Gender and Socially Inclusive and Balanced
lens” be applied to every project.

The Environment Sector/Conservation Community has
begun to incorporate Gender and Social Inclusion as part of
implementing large, GEF-funded National Projects. Projects
include targets for gender and social inclusion at the commu-
nity implementation level and an increase in capacity for re-
source managers to mainstream inclusion. Baselines have been
determined; Table 1 shows the breakdown for male/female
participation in State Planning Teams (e.g. as relates to land use
planning or PAN Site planning). Targets include increasing rep-
resentation by genders and multiple social groups. Mainstream-
ing of gender and social inclusion will also follow a newly es-
tablished Project Management Manual Handbook.

The Conservation Community assessed its own ability to
implement Gender and Social Mainstreaming. In 2017, most in-
dividuals working in the Conservation Community did not feel
well-prepared to implement projects with a gender and socially-
inclusive lens. Table 2 shows the results of the self-assessment
on existing gender and socially inclusive mainstreaming and/or
capacity to do so.

A baseline analysis was conducted in May 2017 as part of
the preparation phase for the GEF6 National Project, and in
May 2018 in preparation for the mid-term review of the GEF5
National Project. One of the key findings was that the out-
comes of national attempts to incorporate Land Use Planning
and PAN/Protected Areas Planning could have negative, un-
intended consequences on genders and social groups without
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Table 1. Baseline information on Gender differences in
State Planning Teams and Conservation Activities'

Indicator (N=9 States surveyed) Yo %
Men Women
Representation on planning teams T7% 23%
Representation working in State Office 69% 31%
Represent?non of people. working in State's 78% 290,
Conservation/PAN/Environment Office
Qommuglty me@bers who participated in 43% 570,
biodiversity projects last year
Comr‘nunlty‘* rr}ember.s '\x‘zho participated in 549 46%
capacity building activities last year
Level of Biosecurity/IAS awareness (high, .
medium, low) (N = 6 States surveyed) low medium
Level of participation in sustainable .
. . _ medium Low
tourism by community members (N=6)
Indicator Question (IN=9 States surveyed) Average
Score?
Do men and women have access to State Planning 13
teams? ’
Do men and women patticipate and/or play an active 17
role in Planning Team meetings? ’
Who benefits from biodiversity-related training and 12
capacity building programs? ’
Who participated in past biodiversity-related projects? 1.7
Who benefitted from past biodiversity-related projects? 1.7

' GEF6 (2018). Surveys were conducted in May 2017 as patt of plan-
ning for the GEF6 National Project.
% Scores wete assigned as follows:
0 Only one gender
1 Representation from both genders, but it is not equal
2 Equal representation from men and women
3 Equal representation from men and women, and they
represent different social status levels in society

Palau State of the Environment Report 2019
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explicit incorporation of Gender and Socially Inclusive Main-
streaming,

Key findings, Women and Environment

In 2015 males made up 53% of the population and females
47%. Palau is a matriarchal, matrilineal society at an “interesting
crossroads between the forces of tradition and modernization”
(Otto 2008). Traditionally men and women had distinct roles
but were considered each equally important to society. As Palau
has modernized gender roles have followed varied trajectories.
For instance, more women than men are employed in the gov-
ernment and are better educated (Otto 2008), but women hold
fewer positions of power (both elected and traditional; ADB
2017), except in the Judiciary.

Palau performs well on Sustainable Development Goal
(SDG) indicators: maternal health is high and both boys and
gitls have access to education, with more women attaining high-
er education than men (Kitalong 2013).

Challenges to gender equality are in every sector at every
level. Climate Change appears to be disproportionately nega-
tively affecting women (Temengil and Kitalong 2014); sea level
rise and intense storms have destroyed or degraded natural hab-
itats that women rely on such as taro patches and seagrass beds.

In assessing Palau’s private sector, the Asian Development
Bank (ADB 2017) found that women are generally not empow-
ered in the financial sector, which is limiting national develop-
ment of sustainable enterprises, particularly in the locally-led
sustainable tourism industry.

Key findings, Vulnerable Peoples and the Environment

There is a distinct dispatity between Urban and Rural resi-
dents. In 2015 80% of the population was urban (in Koror and
the suburb of Airai). In 2014, 91% of urban households versus
74% of rural households had a member with a wage-paying
job. Average income for urban households was $16,670 and for
rural households was $13,340 (2014 HIES).

60% of rural households, but only 30% of urban house-
holds, relied on marine resources for some or all of their sub-
sistence protein needs (in 2014). Rural households are more
likely to have limited access to varied habitats because they own
smaller boats with less gear. Urban residents have more flex-
ibility and are able to adapt to change; following typhoons in
2012 and 2013 urban fishers—mostly male—were able to ac-
cess fishing grounds far from home; whereas rural fishers did
not have that same flexibility. This flexibility means that urban
fishers were able to catch and sell excess fish to markets by a
factor of 4:1 to rural fishers, who utilize their catches to meet
subsistence food needs.

In 2015 27% of the population in Palau were foreign
workers, who dominate the tourism and agriculture industries.
Although many are members of NGOs and civic organiza-
tions, they have little decision-making authority.

A key vulnerable population are young men between the
ages of 17 and 40, who have the highest rates of un/undet-
employment in the country. Young men are less likely to advo-
cate for their needs (e.g. in Land Use or Protected Areas plan-
ning processes). The European Union-funded Global Climate
Change Alliance Project identified young men as one of the
most vulnerable populations to Climate Change, and developed
specific project activities to attract young men.

Palau State of the Environment Report 2019

Table 2. Self-Assessment on Capacity of the Environ-
ment Sector/Conservation Community to mainstream
gender and social inclusion'

Indicator Question (N=12) Average
Score
Are there gender issues related to men that need to be 3.4

addressed in the Environment sector?

Are there gender issues related to women that need to 33
be addressed in the Environment sector?

Do plans for biodiversity projects include activities that 2.9
strengthen skills and provide women/gitls with equal
access to services and training?

Do plans for biodiversity projects include activities that 2.7
strengthen skills and provide men/boys with equal ac-
cess to services and training?

Implementing agencies are gender-friendly 2.6

Are gender equality goals and objectives included in 2.5
biodiversity projects or mainstreaming goals?

Has gender expertise increased within the biodiversity 2.2
conservation sector?

Does project planning considers the needs of all vul- 2.9
nerable peoples?

Implementing agencies consider the needs of all vul- 2.2
nerable peoples (across all levels of society)

Do biodiversity conservation staff have the necessary 2.0
knowledge, skills and attitude to carry out their work
with gender awareness?

Is there assigned staff responsibility for gender integra- 1.9
tion in National environmental offices?

Do biodiversity conservation office and organizational 1.9
practices support gender equality?

Have biodiversity conservation staff been trained in 1.8
gender awareness and sensitization?

Are there adequate training and tools on gender plan- 1.8
ning, analysis and evaluation available?

Is gender awareness included in job descriptions and/ 1.6
or evaluation criteria within the biodiversity conserva-
tion sector?

Do hires and subcontractors have TORs, job descrip- 1.35
tions, or evaluation criteria that include social inclusivity
and gender awareness?

Is there a person or department responsible for gender 1.4
in the biodiversity conservation sector?

Do biodiversity projects budget adequate financial 1.3
resources to support gender integration work?

Do biodivetsity conservation offices and organizations 1.0
have written policies or goals that affirm a commitment
to gender and social equality or inclusion?

Average Score out of maximum of 5 (per question) 2.1/5

Surveys were conducted in May 2017 as part of planning for the
GEF6 National Project (GEF6 2018), and repeated in March 2018
as part of the GEF5 National Project (MNRET unpublished 2018).
% Scores wete assigned as follows:

1 Notatall

2 Toa LIMITED extent

3 To a MODERATE extent

4 To a GREAT extent

5 To the FULLEST extent
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We should be proud. We have healthy reefs and healthy
forests. Our communities have clean water, sanitation,
fresh foods, recycling programs, support for clean en-
ergy, and dedicated environmental health programs. We
have passionate, committed Champions who excite and
empower others to preserve and protect Palau and its re-
sources. The Environment Sector and our Communities
collaborate well together, are open to embracing change,
quick to incorporate new and better methods, and have a
track record for fixing problems. A/ of the pressures facing
our environment can be fixed by these strengths.

Tomorrow:

* We must directly address Nearshore Fisheries. As
with the PAN, through strong leadership and laws we
should first pull together agencies, fishers, communi-
ties, and NGOs to form an empowered Task Force.
Then, we must fill key information gaps (e.g har-
vests, harvest limits, size limits). Policymakers should
plan to allocate funding and to update laws and regu-
lations on quotas, closures, taxes, and imports in the
next year. By the end of 2019, this Task Force must be in
Place, active, and regularly reporting nationally, as it progresses
towards sustainable fisheries.

*  We must actively apply a gender and socially inclusive
lens to everything we do. By the end of 2019, the Palanan
government will be ensuring that all new policies, grants, na-
tional projects, budget requests, laws, and high-level documents
explicitly include a section on inclusion or otherwise address our
agreed Targets under SDG Goals 1-5.

Next weetk:

* As a National Government, we must increase our
commitment to Land Use and Coastal Zone Plan-
ning and actively implement our Sustainable Land
Management Policy. We must reduce our reliance on
grants, be more proactive in advance of development
proposals, strengthen our permitting and review
process, and expand the responsibility for land use
planning beyond the environmental sector. By #he end
of 2020, the National government will be actively support-
ing land and coastal zome planning and will have empowered
a dedicated Leadership Agency, such that we ensure resilient
communities and strengthen our existing human capital.

21

*  We must push harder at the local and international
levels for climate adaptation, mitigation, and disaster
management while being strategic in our international
engagements. This SOE shows that Climate Change
at the global levels puts pressure on every habitat,
natural resource, and sector at the local level. By #he
end of 2020, strengthened global adyocacy and increased local
coordination of our Climate Change Policy will be tied directly
to reduced community risks and improved benefits.

*  We must review and revise our financial structures to
ensure sustainable use and consumption. By the end
of 2020, imports, pricing, taxes, and financial structures will
have been revised to better ensure that our natural and cultural
resources are appropriately valued and priced, thus supporting
decreased consumption and solid waste.

Next month:

*  We need to actively work to fill in gaps in our Pro-
tected Areas Network (PAN). Protected Areas work
successfully, and we need more channels, back reefs,
reef flats, shorebird sites, and forests to be protected.
All the systems are in place to make this happen. By
the end of 2023, our PAN should be fully representative.

e The National Government needs to commit to man-
aging mangroves in order to meet the “No Net Loss”
policy goal. By the end of 2023, mangroves will be addressed
at the national level and treated like a resonrce of global, na-
tional, and local importance.

*  We must assign responsibilities and timetables to the
drafting of Species Action Plans for endangered and
threatened species. By the end of 2023, our most critical
Species shonld be actively managed.

*  We need to fill in data gaps, across all habitats and
sectors. By the end of 2023, data monitoring gaps identified
in this SOE will be actively addressed.

Maintain:

*  We will continue down the path of Sustainable Tour-
ism, Coral Reef conservation, PAN implementation,
Recycling and Reuse, Water Treatment, growth in Ag-
riculture, and Outreach.

Palau State of the Environment Report 2019
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