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Executive Summary

Wildlife habitat throughout the island has been drastically altered by activities of
feral animals and by the volcanic eruption in 1981. Herds of feral cattle, goats,
and pigs continue to prevent regeneration of plants, accelerate deterioration
around the lakes, and have created areas susceptible to erosion. Pagan was
visited from 3-9 August 2000 to assess forest bird, vegetation, fruit bat, lizard,
skink, gecko, and rat populations. Bird surveys in areas of particular importance
to those interested in establishing homesteads on the island were the main, and
on assessing the Micronesian Megapode population were the main focus.

Surveys of forest birds in the northern portions of the island found Micronesian
Starlings and Micronesian honeyeaters to be abundant. White terns and
Collared kingfishers were common in open fields and ecotones. White-throated
ground-doves were scarce and the endangered Micronesian megapode was
rare. Megapodes were not detected in areas of colonizing Casuarina trees that
are beginning to form monocultural stands on several parts of the island.

The forests of Pagan are patchy and fragmented. Several areas certainly have
undergone forest degradation due to feral animals and not volcanic activities.
The primary vegetation of the areas surveyed is most unfortunately introduced
non-native species. There is a staggering amount of Casuarina equisetifolia
which is a known weed and undesirable tree in Hawaii and Australia. C.
equisetifolia is forming huge monostands. C. equisetifoliais a very poor quality
tree for wildlife, native flora species and even human use. The impacts of this
species becoming dominant across the island could be devastating. Cocos
nucifera , Leuceana leucocephala and Jatropha curcas are the other most
frequent and abundant tree species. These tree species are not particularly
favorable wildlife species. In addition there is a complete lack of a seedling
understory in the forests. Therefore, there are no young trees to maintain the
forests. The results will be degenerating and finally disappearing forests. This is
already in progress.

Numbers of both lizards and rats were low on Pagan. Only Rattus rattus was
detected along the small mammal transects. Lizard surveys should be repeated
more extensively to confirm an apparent drop in abundance.

One large colony of Mariana fruit bats with 800 bats was discovered. Two
additional colonies with populations of 200 and 150 bats respectively were also
discovered in the southwest region. This resultsin a minimum population
estimate of 1500 total fruit bats on Pagan which is considerably lower than in
1983 (Wiles et al. 1989). Sadly except a few sightings fruit bat solitary and small
aggregation observations were rare. The bat population decline and possible
human wariness due to poaching is quite evident.



The most urgent management suggestion is to immediately initiate a feral animal
removal and harvesting plan. The plan should be drawn up by DFW, the former
residents of Pagan, and the Office of the Mayor of the Northern Islands. The
objective would be to create a protected area and hunting reserve on the
southern peninsula so that megapode, fruit bat, and coconut crab populations
can recover from the effects of feral ungulates.

Pagan is one of the largest (c. 4,770 ha) and most complex of the Northern
Islands. Although currently uninhabited, there have been frequent periods of
large numbers of residents in the past (e.g., as many as 6,000 Japanese were
stationed on Pagan during WWII). Colonization, sugar cane plantation
management followed by volcanic eruptions, removal of the human populace,
and subsequent growth of feral animal populations have had extensive impacts
on both floral and faunal components of the ecosystem.

Mt. Pagan



Pagan's exquisite beauty and wide expanses of level ground make it one of the
most suitable islands north of Saipan for development. A number of protected
bays to harbor fishermen during storms, a good anchorage, and two semi-
protected black-sand beaches make access by far the easiest of any of the
northern chain. In addition, an old runway that can still accommodate small
planes (despite being cut in length by a lava flow in 1981), greatly facilitates
recreational, survey, and scientific access. Pagan enjoys the only raised reef in
the northern islands, with a shallow fringing coral reef supporting a multitude of
large fish. It is one of the main stops for Marianas fisherman exploiting these
waters. Perhaps the island's distance from Saipan, lack of reliable
transportation, and copious numbers of flies have kept Pagan from being more
fully utilized than it is today. Dung breeding flies can, of course, be reduced by
controlling the number of feral animals, as evidenced by the virtual
disappearance of flies from post-eradication Sarigan.

Two brackish lakes grace the northwestern side of Pagan and are the only inland
bodies of standing water in the Northern Islands. Formerly home to Marianas
mallards (Anas ousteleti, nanga palao; extinct) Common moorhens (Gallinula
chloropus, pulattat; endangered), and Nightingale reed-warblers (Acrocephalus
luscinia, gaga karisu; endangered), habitat disintegration around the lakes (due
to volcanic activity compounded by impacts of feral animals) has undoubtedly
helped to extirpate these three important birds from the island. The northern
portion of the island has been much influenced by the volcanic effluvia from
eruptions in 1981 and 1986. It supports large numbers of feral cattle, pigs, goats,
and fowl. The southern peninsula currently has active steam vents and probably
supports the majority of the remaining populations of Micronesian megapodes
(Megapodius laperouse, sasangat), Mariana fruit bats (Pteropus mariannus,
fanihi), and Coconut crabs (Birgus latro, ayuyu). Pigs and goats were observed
in this sector but not cattle.

Unfortunately, the ecological integrity of Pagan has been compromised by the
large number of feral animals that are widely distributed on the island and by the
volcanic eruption. Most areas of Pagan bear strong evidence of damage done
by feral ungulates. The natural vegetation has been removed through browsing
in many places, leaving them open and susceptible to soil erosion. The overall
effect is of drying out of the soil and lack of an understory in the forest.

CNMI-DFW was able to conduct bird, bat, coconut crab, and reef surveys of
Pagan on 24-31 August 1999. On 3 August 2000 the surveys conducted on
Pagan of forest birds, herpetological fauna, Mariana fruit bat, and vegetation.
Insects and arthropods were collected opportunistically. Bird surveys were
conducted along four transects similar to those of 1999. The only bird transect
not repeated in 2000 that was completed in 1999 was on the southern peninsula
as it was inaccessible due to rough seas.



Browse line from feral animals evident at the edges of fragmented forest facing
Togari Rock east of the airstrip.

Staff from DFW and NIMO (Northern Islands Mayor's Office) were transportedto
Pagan by the Marlin Il. Pagan was departed (for Agrihan) on 9 August just as
the effects of nearby tropical storm were hitting the islands. Survey personnel
included Paul Reyes (CNMI-DFW) and Jamie Saures (CNMI-NIMO) who
conducted the herpetofauna and small mammal surveys. Forest bird, bat, and
vegetation surveys were conducted by Nathan Johnson, Laura Arriola and Tina
de Cruz (CNMI-DFW). Hunting of feral animals was conducted by NIMO staff
and special representatives: Ed, Paul and Pat Santos; Sylverio Mettao; Ino, Ed,
and Jess Saures; Victor Romoar; and Romy Wapol. The findings of the 2000
survey trip are reported below and compared to the 1999 surveys whenever
possible.

Forest Bird Surveys

Forest bird surveys were conducted using VCP methodology on 4-7 August
2000. The surveys were conducted in the mornings from 6:00 to 10:30 am.
Birds were counted after either visual or auditory identification. Count duration
was 5 minutes so that results could be compared with those of 1999. The



distance to each detection was estimated. No playbacks were employed and
most birds were counted by their song or call notes.

Point counts were performed at permanent stations spaced every 150 m along
five transects (Fig. 1). The transects were set to sample different forest habitats,
repeating those of 1999, and were composed of between 10 and 20 count
stations. Transect 2 on the southern peninsula was not repeated in 2000 due to
transportationdifficultiesin heavy seas. An extra transect (#6) was completed in
the northern sector instead. These two transects are included in the general
analysis of bird populations on the island for each year, but not included in the
paired comparisons of counts per station between years. A total of 72 stationsin
2000 were sampled, all located in the northern sector.

Transect 1 runs northward along the old road from the campsite near the landing
bay, toward the former village, then onward to the lower lake and ends on the
north side of that lake. Transect 3 begins on the south side of the air strip and
follows the road up the old caldera ridge, continuing on through native forest to
the open fields formed by cattle and goat grazing. Transect 4 begins to the east
of the end of the old road heading out past the air-strip. It runs south then
southeastthrough coconut and mixed native forest at the field/forest interface.
Transect 5 begins to the north of the same road end and heads to the northeast
through Casuarina forest, mixed native forest and field/forest interface. Transect
6 parallels the base of the old caldera through remnant agroforest and native
forest spared by the last eruption. Point count stations were not permanently
marked but can be relocated using the GPS coordinates in Appendix I -

Transect 6 runs below the escarpment along the cliff edges.
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The most humerous birds this year were Micronesian starlings (Aplonis opaca,
sali). They were widespread in all sampled habitats and were detected at 88% of
our count stations. The number detected this year was demonstrably greater
than the number last year (Table 1). Micronesian honeyeaters (Myzomela
rubratra, egigi) were also numerous in 2000 but significantly less so than in 1999.
Although they were widespread (detected at over three quarters of the stations)
they were detected at over 88% of stations last year. Collared kingfishers
(Halcyon chloris, sihek) were more common in 2000 than they were in 1999 and
found in twice as many places. White terns (Gygis alba) and feral barnyard fowl
were also common. White-throated ground-doves (Gallicolumba xanthonura,
paluman apaka) and Micronesian megapodes were rare and detected at about
the same levels both years.

Table 1. Detections of bird species at 74 stations on Pagan during 4-7 August
2000 and 61 stations during 25-30 August 1999.

Pagan Bird Number 2000 1999 2000 % 1999 % Difference in
Species Detected Mean Mean Occurrence | Occurrence Means
2000 #/Station #/Station (#) (#) between
(SE) (SE) Years'
Collared 46 0.64 45.8% 23.0% t=1.389
Kingfisher (0.093) (33) (14) P<0.03
Micronesian 148 2.06 2.75 77.8% 88.5% t=-4.48
Honeyeater (0.229) (0.243) (56) /(557»_-{ .| P<0.001
Micronesian 3 0.04 0.02 4.2% { 16%
Megapode (0.024) - () 1
Micronesian 248 3.44 2.18 88.9% 75.4% t=2.30
Starling (0.326) (0.264) (64) (46) P <0.01
White Tern 37 0.51 0.15 22.2% 8.2%
(0.130) - (16) (5)
White-throated 10 0.14 0.08 13.9% 8.2% t=0.63
Ground-dove (0.041) (0.045) (10) (5) P <0.266
ns
Brown Noddy 2 0.03 0 1.4% 0
- [N
Pacific Reef- 1 0.01 0 1.39% 0
heron -- (1
White-tailed 2 0.03 0 1.39% 0
Tropic Bird - (1)
Feral Fowl 47 0.65 Not 45.8% Not
(0.097) recorded (33) recorded
" Data from 48 stations along four transects surveyed both in 1999 and 2000. T-

tests performed in Excel using a paired test and one-tailed critical values for P.
Note that neither data set is truncated to 75 m radius.

Last year megapodes were detected only on the southern peninsula in an area
known as Gapgap. Previously, megapodes were detected in this same area in
1984 (Pratt and Lemke 1984) and were said to be locally common there in 1992



(Rice and Stinson 1992). They were observed here again this year, anecdotally,
by researchers setting up vegetation plots. Nests or signs of nest burrows were
not found in this area, although pigs had been routing there extensively. In 2000,
megapodes were also detected in the northern sector along Transect 6 in an
area isolated by the conjunction of a cliff with a recent lava flow. Itis possible
that pigs had difficulty in reaching this isolated area—pockets of extant
vegetation harboring the birds included Alocasia macrorrhiza, a favorite pig food
that would normally have been dug up by pigs if present. Megapodes were not
detected in stands of nearly pure Casuarinathat is colonizing large portions of
the volcanic cinder fields (Table 2).

Station samples do not evenly represent different habitat types because
transects were not set systematically across the island but disproportionatelyin
different habitats. However, the habitat around point stations could be broadly

categorized as forested and non-forested areas. For this, habitats were
classified into (1) native and coconut forest mixed; (2) Casuarina and native

forest mixed with Casuarina forest; and (3)open/lava/forest interface. Detections

of birds farther than 75 m from the observer were removed from calculations.
Density for each habitat type was completed using fixed radius methodology

(Table 2).

Table 2. Density, number per ha? and % occurrence (number in parenthesis) of five
forest birds within a 75 m-radius plot for three habitats on Pagan during 4-7 August
2000. Count totals running down the column correspond to each habitat across the

table.
Native &
Bird Species Count Coconut Casuarina Open/Forest
Forest Forest Interface
1 9000 = 17 N 2000 = 22 N 2000 = 33

15 0.50 1.62 1.14
Micronesian 63 64.7% 95.5% 72.7%
Honeyeater 67 (11) (21) (24)

1 0.03 0.03
Micronesian 0 5.9% -0- 6.1%
Megapode 2 (1) (2)

57 1.89 1.08 2.26
Micronesian 42 82.4% 68.1% 87.9%
Starling 132 (14) (15) (29)

5 017 0.03 0.07
White-throated 1 29.4% 18.2% 12.1%
Ground-dove 4 (5) (4) (4)

5 0.17 0.21 0.29
Collared 8 23.5% 27.3% 33.3%
Kingfisher 17 | (4) (6) (11)

2 Estimates are based on a 75 m fixed radius estimate calculated from VCP point count

data.
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Starlings, although common everywhere, appeared most often at the fieldforest
interface. Honeyeaters were three times more common in Casuarina than in
native/coconut forest but were also quite common at the ecotone between field
and forest. White-throated ground-doves were detected most often in
native/coconut forest while the Collared kingfisher appeared to be a bird of the
open areas. Megapodes were found in native/coconut forest and in patchy forest
vegetation, but not in the Casuarina stands.

The number of each species expected in both forest and ecotone environments
was based on habitat-specific means for number of detections per station (Table
3) using fixed radius methods. The estimates of the area of cover for each
habitat type are gross judgements and need to be re-evaluated once good aerial
surveys of the island are obtained. The estimated numbers from each habitat
type were summed to calculate the total island-wide population. A range of
population size is presented based on the 95% confidence interval around the
mean number of birds.

Table 3. Bird density in 2000 for different habitat types. Estimated densities
were summed to provide an island-wide population estimate. Calculations of the
area of forest cover are gross estimates: native/coconut forest = 900 ha,
Casuarina forest = 820 ha, and lava/open/forest interface = 3,050 ha.

Number Number Estimated Island-wide
Bird Species Habitat per Expected | numbersin Estimate
Station in40 ha |eachhabitat| (95% CI)
Nativel
Coconut
0.29 6.65 150
Forest
Collared . 168 1,205
Kingfisher | “aanna | 0.36 — (981 - 1430)
Open/
Forest 0.52 11.64 888
Interface
Nativel
Coconut
Micronesian -—-ngi-gi%é-— 0.88 éjjf 1434296 5,273
Honeyeater Forest 2.86 ' ’ (2,867 —
Open/ 7,680)
Forest 2.03 45.88 3,498
Interface
Nativel
G il 75.77 1704
. . Forest 3.35 '
Micronesian  |--a--=%---- 9,482
Starling C?:%L;ZZ{' @ 1.91 43.14 884 (3,326 -
'''' Open/ | T[T 15,637)
Forest 4.0 90.39 6892

Interface
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Number Number Estimated Island-wide
Bird Species Habitat per Expected | numbersin Estimate
Station in40ha |eachhabitat| (95% CI)
Nativel
Coconut
Micronesian  |-Foest {998 | S . 134
& L
Megapode sevarra | O 0 0 (128 - 141)
Open/
Forest 0.06 1.37 104
Interface
Nativel
Coconut
: Forest 0.29 6.65 150
White- Casuarina 1.03 21 379
throated Forest 0.05 ' (348-411)
Ground-dove Open/
Forest 0.12 2.74 209
Interface

The low population size estimated for ground-doves and Megapodes seems
reasonable given their extremely limited distribution. Numbers of kingfishers
seem to be inflated, which may be an artifact of the analytical method. Estimates
of total population size for Starlings and Honeyeaters are consistent with our
observations and our experience on the island. These estimates are lower than
those made last year (Arriola et al. 1999) because (a) the estimates of forested
habitat on the island were adjusted downward, and (b) errors in the 1999
calculations.

Seabird Surveys

Seabirds at sea were counted along two transects 100 m wide between Saipan
and Pagan. Birds were counted from the deck of the Marlin Il by one observer
from 17:30 to 18:00 on the 2 of August and again from 07:10 to 07:40 on the
morning of 3 August. On the transect closest to Saipan, we encountered 4 Red-
footed Boobies (Sula sula), 17 Brown Noddies (Anous stolidus), 4 Black Noddies
(A. minutus), and 5 Wedge-tailed Shearwaters (Puffinus pacificus) for a total of
30 birds. As the boat neared Alamagan, we counted 1 White Tern (Gygis alba),
21 Brown Noddies, 8 Sooty Terns (Sterna fuscata), and 9 Wedge-tailed
Shearwatersfor a total of 39 birds. These birds are typical of the waters around
the Marianas for the time of year and are indicative of a generally low density of
seabirds in the archipelago.
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Vegetation Surveys

Vegetation surveys were conducted simultaneously with forest bird surveys. Five
transects were established with stations 150 m apart. Transect 1 and 5 are in
the northwest and northeast respectively on either side of the lava flow. They are
predominantly Casuarina equisetifolia forests. Transect 6 runs along the bottom
of bluff parallel to the airstrip and is mixed. Transect 3 and 4 are situated on the
hill south of the airstrip. These transects cut through very patchy and fragmented
forest. Vegetationwas surveyed using a modified point-centered quarter
method (Mueller-Dombois and Ellenberg 1974). Data was only taken on trees

2 min height and greater. Diameter was taken at breast height (DBH) as some
trees in the Mariana Islands are only buttressed at their bases, usually those
under 10 cm. Therefore, diameter at the base may lead to overestimates and
misleading interpretations. Canopy cover was also estlmated for an area of 5 m?
around the station. Ground cover was estimated for 2 m? around the station.

The data was analyzed for ground and canopy cover, absolute frequency (the
number of stations a species is present in / the total number of stations and
expressed as a percent), relative density (the number of individuals of a
species/the total number of individuals and expressed as a percent), and
diameter at breast height (DBH) size class of species sampled along all transects
(Mueller-Dombois and Ellenberg, 1974). Each transect was analyzed
individually because it was not spatially appropriate to pool data or the forest
between transects was too 'patchy'. For ease of comparison, figures referred to
in the text follow this section.

Three additional forest studies were conducted besides the vegetation surveys
conducted in conjunction with the bird surveys. One study focuses on the large
monotypic stand of Casuarina equisetifoliathat appears to be expanding its
boundaries. The second study established permanent random plots in a remnant
native forest. The final study established permanent plots along a transect and
habitat gradient in southern Pagan in a region known as Gapgap.

There were a total of 20 tree species found on transects surveyed. This does not
of course represent all the species on the island. A broad survey such as this
was not designed to attempt detection of rare species. Transect 1l and 5 ran
through essentially Casuarina equisetifoliadominated forest areas. The absolute
frequency (Figs. 2 and 3) and relative density (Fig. 4) of C. equisetifolia on both
these transects was in some cases three times higher than any other species.
Transect 1 had the highest number of trees sampled following into the smallest
DBH size class (Fig. 5). This transect was composed of an almost complete
monostand of C. equisetifolia. Transect5 was more diverse with seven different
tree species present verses four on transect 1 (Fig. 6). The smaller DBH trees
(0-5 cm) were composed exclusively of Psychotria mariana, a native species,
while the 5-10 cm DBH class was more diverse with Hibiscus tiliaceus, Leucaena
leucocephala and Ochrosia mariannensis. The majority of the trees surveyed on
transect 5 were either between 5-10 cm or 30-40 cm DBH.



Transect 3 and 4 were dominated by Cocos nucifera bothin relative density (Fig.
7) and absolute frequency (Fig. 2). Transect 3 however also had a large
Erythrina variegata component with relative density and absolute frequency
almost matching C. nucifera. Erythrina variegata was represented in each size
class from 5-10 cm up to greater than 70 cm in DBH (Fig. 8). Transect4 had a
small E. variegata and Hibiscus tiliaceus componentin the 10-20 cm DBH (Fig.
9).

Transect 6 was unique in that it was found to have the greatest number of tree
species and they were more evenly distributed than on other transects. The
most frequent species found throughout the transect was C. nucifera followed
closely by Jatropha curcas and Mangiferaindica (Fig. 3). These three species
also had the greatest relative density lead by M. indica (Fig. 10). Both J. curcas
and M. indica are introduced species. Cocos nucifera, while widely distributed, is
also felt to be introduced (Raulerson and Rinehart 1992). The smaller DBH size
classes of trees on Transect 6 contained the fewest number of individuals overall
and were represented mostly by J. curcas (Fig. 11).

The average canopy cover was below 50% for all stations as was the ground
cover (Fig. 12). There clearly are gaps in the canopy, most likely due to the lack
of juvenile trees or shrubs.

In summary, the areas that were surveyed in this study are predominantly native
species. Cocos nucifera, C. equisetifolaand J. curcas are the most abundant
and in the greatest densities. In addition, seedlings are absentin all areas
surveyed except for a few smaller P. mariana trees. The complete absence of a
seedling understory is already leading to the fragmentation of forests, the
dominance of introduced invasive species and will lead eventually to the loss of
native forests altogether. It might be possible to regain some of the forest if feral
animals were eradicated immediately. Feral animals eat the understory and
cause erosion of topsoil through a variety of activities. Restoration of the forest
habitat is the only way to help wildlife populations regain their full potential.

Pagan has some unique native forest pockets that are in need of closer
examination. One of these areas begins roughly west of the beginning of
transect 5. Transect 5 heads north along a ridge. The pocket forest runs parallel
to transect 5 in a depression to the west. The forest is at least 1 km long (north
to south) and about 30 m wide. The forest appears to be mostly Ochmsia
mariannensis and Neisosperma oppositifolia. Other species observed were
Pouteria obovata, Melanolepis multiglandulosa, Aglaia mariannensis, Aidia
cochinchinensis and Eugenia palumbis. A male White-throated Ground-dove
was observed feeding on a M. multiglandulosa fruits in this forest. Ochmsia
mariannensis in what appears to be considerable abundance in this forest has
rarely been seen on the other northern islands surveyed, although it appears in
the checklist for several of them (Fosberg et al. 1979).



The second interesting forest area occurs in the extreme south of the island in a
region known as Gapgap. Above the beach on this small inlet there is a ridgeline
which is approximately 400 m high. The ascentis littered with large rocks and
many steam vents. The plateau at the ridge top works its way into a forest on the
northern side. This forest contains several native tree species including Guamia
mariannae which was not seen anywhere else on Pagan or detected on any of
the other Northern Islands surveyed during this trip. However, again G.
mariannae is listed as occurring on Pagan as well as several other Northern
islands (Fosberg et al. 1979).

List of Figures for Vegetation Section

Figure 2. Absolute frequency of species detected on Transect I ,3 and 4.
Figure 3. Absolute frequency of species detected on Transect 5 and 6.
Figure 4. Relative density of species surveyed on Transect 1 and 5.
Figure 5. DBH size class and species within each range for Transect 1.
Figure 6. DBH size class and species within each range for Transect 5.
Figure 7. Relative density of species surveyed on Transect 3 and 4.
Figure 8. DBH size class and species within each range for Transect 3.
Figure 9. DBH size class and species within each range for Transect 4.
Figure 10. Relative density of species surveyed on Transect 6.

Figure 11. DBH size class and species within each range for Transect 6.

Figure 12. Average canopy and ground cover estimate on all Transects.



~aA 1

PA NI

Absolutefrequency of tree species, Pagan in August 2000

Species

Transectl —

Transect 4 ‘l



Absolutefrequency for tree species, Pagan in August 2000

100N

90 M Transect 5
Transect 6

Species



ive density (%)

PA A T |

70
60 1+

50 44

AN 1

Relativedensity for tree specieson Pagan, August 2000

Species

M Transect 1

Transect 5




33—

Diameter at breast height (DBH) size classfor treesby specieson
Transect 1 on Pagan, August 2000

B Citrus .

M H. tiliaceus

M L. leucocephda
 BC. equisstifolia

51G&m 10-20cm 20-30cm 30-40cm 40cm+

DBH sizeClass



12

Diameter at breast height (DBH) sizeclassfor treesby specieson

Transect 5 on Pagan, August 2000

5-10cm

10-20cm 20-30cm
DBH szeclass

B F. prolixa
B C. equisetifolia
B H. tiliaceus

L. leucocephala
PA . confusa
M O. mariannensis
@® P. mariana



Relativedensity for tree specieson Pagan, August 2000

90 1
80 +— Transect 3
Transect 3 ., Transect4
70 ’ M Transect 4
60
Species

* Artocarpus mariannensis



30

ng |

Diameter at breast height (DBH) size classfor treeshby specieson
Transect 3 on Pagan, August 2000

10-20cm

_E. variegata M B. asiatica

# 0. mariannensis @M. citrifolia

B C. nucifera ® C. papaya

®L. leucocephada @ T. catappa
B 4 AcC equissifolia

20-30cm 30-40cm
DBH sizeclass



Diameter at breast height (DBH) size classfor treesby specieson
Transect 4 on Pagan, August 2000

16 —
B C. equisetifolia
BW*A. mariannensis
L= T. catappa
CH. tiliaceus
19 E. variegata — -
B C. nucifera e =

DBH sizeclass



20

18

Relativedensity for tree specieson Transect 6 on Pagan, August 2000

Species



Averagecover percent for ground and canopy cover for all
transectson Pagan, August 2000

@ Canopy
Ground

Transects



Herpetological Surveys

The purpose of the surveys on Pagan were to document the presence and
relative abundance of reptiles.

Diurnal lizards were sampled using adhesive mouse traps (Bauer and Sadlier,
1992; Rodda et al., 1993). Two transects were sampled, one in introduced forest
and one in native limestone forest (Fig. 13). Ten traps were placed flush with the
ground every 25 meters along each transect. Traps were run for 3 consecutive
days. Traps were placed in the morning at 0700h and run for 4 hours.

Nocturnal lizards were also sampled using adhesive mouse traps. Two transects
were sampled, one in introduced forest and one in native forest. Ten traps were
set along each transect, spaced every 25 meters, and were stapled to the trunks
of trees 0.5-2.0 meters above the ground. Traps were placed 1 hour prior to
sunset and checked the following morning. Traps were run for 3 consecutive
nights.

In an attempt to detect the presence of the tidepool skink (Emoia atrocostata), 10
adhesive traps were placed for two nights at the beach campsite in rocky strand
and grassy habitat. Table 4 shows the results of adhesive trapping for lizards. A
total of only 5 lizards were captured: 4 in introduced forest and 1 in native forest.
Unfortunately, the species were not recorded. No captures were made along the
beach in the tide pool areas. The low capture rates are inexplicable as Scott
Vogt had very high capture rates (13.89 Emoia caeruleocauda per 100 trap hours
in native forest) in 1999 (unpublished data). This low capture rate is disturbing
and further investigation should be initiated to determine if there is a decline in
overall population of skinks, and the reason for the decline.

Although the mangrove monitor (Varanus indicus) was not captured using snare
traps on Pagan (Table 5), biologists reported seeing at least 4 monitors in a
variety of habitats on the island.

Table 4. Results of adhesive trapping to determine diurnal lizard presence
and abundance on Pagan, 3-5 August, 2000.

Lizards/
Habitat #Traps #Hours Trap Hours #Lizards 100 Tr Hrs
Rocky Beach 8 0 0.0
Introduced Forest 57 4 0.7
Native Forest 57 1 0.2

Total 137 122 1208 ) 04



Table 5. Results of monitor lizard snare-trapping conducted on Pagan,
4-7 August, 2000.

Lizards/

Habitat # Trap Days # Lizards 100 trap days
Introduced Forest 28 0 0.00
Native Forest 25 0 0.00
Total 53 0 0. 00

PAWB——
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Fig. 13. Pagan transects sampled for reptiles and small mammals.

28


































































60

50

(= (=4
< o

$9343) JO #

10



DBH size class of trees in a dominant C. equisetifolia forest on Pagan, August 2000

DBH (cm)
size classes






to that of in height class distribution: P. mariana and A. mariannensis are present
in the smaller classes and C. equisetifolia in the larger (Fig. 4). The ground
cover at stations 1, 2 and 6 is considerably less that other stations. These are
densely covered areas as noted by the corresponding canopy cover (Fig. 5).
Stations 2 and 3 are located on a steep hillside which has dispersed C.
equiseifolia.

List of Fiqures for Appendix 3

Figure 1. Relative Density of tree species recorded from 6 vegetation plots each
100m apart along a transect.

Figure 2. Absolute Frequency of tree species recorded from 6 vegetation plots
each 100m apart along a transect in Gapgap on Pagan.

Figure 3. DBH size class of tree species recorded from 6 plots each 100m apart
along a transect in Gapgap on Pagan.

Figure 4. Height class of tree species recorded from 6 plots each 100m apart
along a transect in Gapgap on Pagan.

Figure 5. Average Ground and Canopy cover of 6 plots each 100m apart along a
transect in Gapgap on Pagan.
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Height class of tree species recorded from 6 plots in
Gapgap on Pagan, August 2000

Height size class









Pagan Gapgap Station 2

Habitat: Grass covered slope with scattered C. equisetifolia.

Point-centered Quarter:

Plot  Quarter Species DBH  Height Distance Bearing
2 NW  C. equisetifolia 20.04 10 60 300
NE C. equisetifolia
SwW C. equisetifolia
SE C. equisetifolia
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Pagan Gapgap Station 3

Habitat: Patchy grass covered steep slope, few trees

Point-centered Quarter:;

Plot  Quarter Species DBH  Height Distance Bearing
3 NW C. equisetifolia 16.22 6 75.9 312
3 NE C. equisetifolia 2291 7 44 40
3 SwW Aglaia mariannensis 9.54 35 50 140
3 SE P. mariana 9.23 4 40 210
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Pagan Gapgap Station 4

Habitat: Grass covered ridge edge with nearby steam vents

Point-centered Quarter:

Plot

Quarter
4 NW
4 NE
4 SW
4 SE

Species
C. equisetifolia
C. equisetifolia
C. equisetifolia
C. equisetifolia

DBH  Height
n/a n/a
16.86 4
48.00 10
2.55 2

62

Distance
125
35.1
27.5
40

Bearing
290
50
108
235



Pagan Gapgap Station 5

Habitat: Native forest.

Point-centered Quarter:

Plot  Quarter Species DBH  Height Distance Bearing
5 NwW P. mariana 15.59 4 4.5 300
5 NE Aglaia mariannensis 16.22 6 2 54
5 SwW P. obovata 25.13 6 24 100
5 SE Aglaia mariannensis 7.16 6 1.9 224



Pagan Gapgap Station 6

Habitat: Native forest

Point-centered Quarter:

Plot  Quarter Species DBH  Height Distance Bearing
6 NW  P.mariana 3.98 3 1.8 280
6 NE P. mariana 843 4 1.9 30
6 SW P. mariana 9.07 4 3.59 130
6 SE P. obovata 38.97 5 3.78 200



Appendix 4

Mid-Plateau Remnant Forest

Methods

The study area is approximately 2 ha located on the plateau south of the airstrip.
This area consists of highly fragmented native forest with a large population of
feral pigs, goats and cows. The study site is one of the largest contiguous forest
patches in this area, which extends for about 2 km. The site is approximately
300 m x 60 m. Within the study site eight 5 m x 5 m permanent plots were
randomly chosen using a grid and a random numbers table. Height and diameter
at breast height were measured on all tree species 1 m or greater. The
herbaceous species in a 1m? area around the rebar were identified. Canopy
cover was estimated usinzg a densiometer according to the instructions. Ground
cover was estimated 1 m* around the rebar by dividing the area into quarters and
estimating each quarter. The data has been analyzed for height and DBH size
class, density, absolute frequency (# of plots a species occurs in/total # of plots,
expressed as %) and dominance (the mean basal area/tree of each species).
There has not been sufficient time to finish and draw conclusions between
gathering the data and this report. The proportion completed is presented below.

Results

Further analysis of this data is still required. The dominant trees in the forest
patch are E. variegata and C. nucifera. They also have the greatest density.
The third most dominant tree is T. catappa however it is not third in density. The
most frequent tree species is E. variegata followed by C. nucifera, Aglaia
mariannensis and Pandanus tectorius (Table 1).

Both the DBH and height class distribution revealed an overstory of E. variegata
and C. nucifera with an understory of a variety of different native plants. In both
DBH and height class sizes approximately 50% of the trees were in the older and
larger size classes (Fig. 1 and 2). The average canopy cover for the forest was
94% (sd=2.35, n=8) and the average ground cover was 4.4% (sd=6.4, n=8).
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Table 1. The dominance, density and the absolute frequency of tree species
present in random permanent plots in a 2 ha fragmented native forest highly
utilized by feral ungulates on Pagan in August 2000.

Dominance Density Absolute Frequency

Species Mean BA /tree rank #of trees /100m2 % plots
E. variegata 1181.25 1 2.5 37.5%
C. nucifera 1059.90 2 2.5 25.0%
T. catappa 908.74 3 0.5 12.5%
P. tectorius 506.15 4 1 25.0%
O. mariannensis 450.49 ) 0.5 12.5%
P. obovata 402.59 6 1.5 12.5%
A. mariannensis 83.46 7 1.5 25.0
M. Citrifolia 83.40 8 0.5 12.5%
N. oppositifolia 73.94 9 1 12.5%

Discussion

The population of understory species and younger (i.e. seedlings) appears very
low. On Sarigan, where the vegetation is beginning to come back after
eradication of ungulates, the smaller size classes (both in height and DBH) form
a larger percent of the whole population than is seen in this forest on Pagan. ltis
alarming that there is a complete lack of T. catappa, a major bat foraging species
in the understory. These trees definitely are reproducing, as huge quantities of
the nuts were seen all over the forest floor. Feral pigs were foraging on the nuts,
so it is possible that foraging pressure is extremely high and that seedlings are
browsed as well.

The lack of E. variegata in the middle range height or DBH classes is also cause
for concern. E. variegata is an important wildlife tree, especially in the Northern
Islands. Bats have been regularly observed in E. variegata foraging on the
flowers on Sarigan. Micronesian Honeyeaters also forage in them. E. variegata
is an important habitat component of the native forest as it is the most abundant
and dominant upper canopy species in many areas.

List of Figures

Figure 1. Diameter at breast height size classes for tree species in random
permanent plots in a 2 ha native forest with a high feral ungulate population on
Pagan in August 2000.

Figure 2. Height size classes for tree species in random permanent plots in a
2ha native forest with a high feral ungulate population on Pagan in August 2000.



Diameter at breast height size classes for tree species in random permanent plots in a 2
ha native forest with a high feral ungulate population on Pagan, August 2000.
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Height size classes for tree species in random permanent plots in a 2 ha native forest with a
high feral ungulate population on Pagan, August 2000.
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