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Keywords: Great Cormorant, Kinmen, migration, habitat preference

A. Background

There are nearly 10,000 Great Cormorants wintering within Kinmen National
Park and this large population of Great Cormorant has been the focal point of
ecotourism and biodiversity conservation on Kinmen islands. Kinmen National Park
had conducted an ecological investigation on the cormorants from 2004 to 2006 and
has continuously monitored its population size in the recent decades. However, its
breeding grounds, migration ground, and foraging behavior remain mostly unknown.
Typhoon Meranti in 2016 also devastated the trees of roosting sites in Lake Tzu.
This project aims to employ satellite locators to confirm the breeding ground and
migration route of the wintering cormorants in Kinmen and examine its activity
range, behavioral pattern, foraging behavior, and habitat management.

The specific objectives of this three-year project in 2022 include:

1. to determine environmental factors affecting selection of cormorants' night
roosting sites with vegetation survey and landscape analysis,

2. to explore carrying capacity of the cormorant populations in Kinmen and to
examine possible environmental degradation or insufficient habitat in each
night roosting site by comparing with other night roosting sites in Taiwan,

3. to determine the breeding sites and migration routes of cormorants in
Kinmen,

4. to develop a management strategy for cormorants in Kinmen and propose a

long-tern population monitoring method.
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B. Methods

To understand the migration of wintering cormorants in Kinmen, this study
attached KoEco WT-300 Ibis and OrniTrack-40, both GPS-GSM satellite position
trackers, on cormorants in their main night roosting sites in Kinmen. A total of five
cormorants were released from January 2020 to April 2021 in Tzi Lake and
Yangming Lake Reservoir, and the spring migration path of the released individual
"K-1" in Tzi Lake, as well as the spring and autumn migration paths and breeding
sites of the rescued individual "K-4" in Tai Lake and the released individual "K-5" in
Tzi Lake were recorded. The satellite tracking data of K-1, K-4, and K-5 were
analyzed and visualized by Google Earth Pro and QGIS software to determine the
breeding sites, spring and autumn migration paths, and relay station locations of the
wintering cormorant population in Kinmen. In addition, the migration information of
other released individuals in East Asia was also compiled for a comprehensive study.

In order to clarify the environmental factors of cormorants' night roosting site
selection, this study compiled data on cormorant daytime and nocturnal use of
various types of waters and embankments in Kinmen from November 2020 and
2021 to March of the following years, and collected six habitat variables in the water
sampling sites and seven habitat variables in the embankment sampling sites from
January to March 2022. The multifactor analyses were conducted by using
generalized linear model (GLM) and supervised learning decision tree algorithm. To
determine the differences in environmental characteristics between daytime and
nocturnal habitats of cormorants, we examined the differences in habitat variables
between daytime and nocturnal use of water and resting embankments by using
Mann-Whitney test without parent tree analysis. Principal Components Analysis

(PCA) was used to present the habitat use of cormorants in various areas. In order to
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analyze the vegetation structure of cormorants night roosting sites in Kinmen, this
study conducted a multi-factor analysis of cormorant use and vegetation
characteristics based on the results of a vegetation survey in the night roosting site of
Xi Lake conducted in August 2021.

In order to estimate carrying capacity of cormorant population in Kinmen and
evaluate possible habitat degradation or insufficient habitat in each night roosting
site, we compiled the number of cormorants recorded in each night roosting site in
Kinmen over the years, their utilization areas, and the behavioral patterns of the
roosting individuals, and evaluated the environmental characteristics that cormorants
preferred, carrying capacity of each night roosting site, and potential roosting sites in

Kinmen.
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C.

Major Findings

Progress of this project has met the schedule of work plan. After data analyses,

the results and conclusions are summarized as follows.

(2)

(b)

(©)

The breeding sites of Kinmen released individual "K-4" were at Dalinor Lake
and Gangjianor Lake in Inner Mongolia Autonomous Region of China, and the
breeding site of individual "K-5" is at Belle Lake in Mongolia. Among three
other individuals that were released in Aogu Wetland of Chiayi County,
npul912 was breeding in the Longfeng Wetland Reserve in Dagqing,
Heilongjiang Province, npul925 was breeding in the Erguna River and its
tributaries on the border between China and Russia, and npu2003 was breeding
in the Neng River Basin in Daqing, Heilongjiang Province. We suggest that the
cormorants wintering in Kinmen might switch their wintering grounds from
year to year, and their potential breeding sites are located in large lakes and
river basins with latitudes between 43.37°N and 50.36°N in East Asia.

The spring and autumn migration routes of the Kinmen wintering cormorants
were from the wintering grounds directly northward through the hills of
Southeast China and the middle and lower reaches of the Yangtze River basin
to Bohai Bay, Laizhou Bay, and Liaodong Bay, and then rested for few days
before heading to the breeding grounds. During the migration, cormorants were
observed to cross the Bohai Sea for a short distance and did not obviously
avoid the 2,000 m mountain barrier, but tended to cross the barrier along the
river valley. Overall, the migration routes of cormorants were aimed at
shortening the distance required for migration.

There were several stopover sites in the spring and autumn migration of

Kinmen wintering cormorants, which revealed gradual movement in their
XX
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migration. In this study, we found that the wetlands in Bohai Bay, Laizhou Bay,
Liaodong Bay, and Yellow River estuary are important relay stations for the
East Asian migratory cormorant populations during the migration, and possible
non-breeding grounds for the summer. In the future, the environmental
conditions of the wetlands along the coast of the Bohai Sea and the mouth of
the Yellow River are one of the important monitoring targets if we want to
investigate the changes of cormorant population along the East Asia-Australia
migration route.

The spring migration of Kinmen cormorants was relatively compact and
synchronized, with the total migration schedule of most individuals ranging
from 19 to 23 days, and the first four days of spring migration showed
significant long-distance displacement. Individual "K-5" had a record of
moving at least 780 km in a single day. The total duration of autumn migration
varied greatly among individuals, and the time spent at stopover sites was
significantly longer than that of spring migration. In addition, the migratory
behavior of East Asian cormorants revealed that sub-adult cormorants were
more unstable in their migratory behavior and more willing to explore novel
areas.

The cormorants in Kinmen prefers to use night roosting sites with a high
percentage of forested area within 500 m outward from the water boundary,
long forested areas with horizontal embankments, and low road development
within 50 m outward from the water boundary. The night roosting sites of
cormorants overlaps highly with daytime activity sites, but cormorants have a
higher threshold for environmental safety requirements in their night roosting

sites. Compared with daytime habitats, the height of forest strips in horizontal
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®

(2

(h)

(1)

embankments is an important factor affecting the choice of cormorants' night
roosting sites, and cormorants prefer to use embankments with forest trees
taller than 6 m for roosting.

The inland waters of Kinmen were obviously affected by human operations and
climate change, and fluctuate more than other land cover types, which affects
cormorants' preference on the waters. The waters with significant
environmental changes caused by severe drought in recent years included
Yangming Lake Reservoir, Lingshui Lake, Ling Lake Reservoir, Tai Lake area,
and Gugang Lake, among which Tai Lake and Lingshui Lake were also
affected by construction activities.

The shrinkage and fragmentation of the forest area around the water and the
limited expansion of the waterfront forest area suitable for cormorant use have
affected the space where cormorants can roost at night. The shrinkage and
fragmentation of the forest area in recent years were obvious in Tzi Lake and
Lingshui Lake, where the shrinkage and disappearance of the cormorant's night
roosting sites has affected the resting area and night habitat of cormorants. As
for the waters with limited expansion of waterfront forests, including Xi Lake
Reservoir, Tai Lake, and Gugang Lake, it is difficult to increase the distribution
of forests because the waters are surrounded by roads and reclaimed land.

In addition to the surrounding landscape structure, irregular human interference
may have an impact on cormorant roosting behavior, among which illegal
fishing traps or abandoned fishing gears have been found in the Xi Lake
Reservoir and Tai Lake areas causing cormorant casualties.

Among potential night roosting sites of cormorants in Kinmen, Qionglin

Reservoir, Shanxi Reservoir, and Chingtian Reservoir are ideal waters with a
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certain size and relatively stable water level, as well as complete woodland
around the waters and sufficient length of waterfront forest. These sites provide
1deal habitats for cormorants to roost and use, and, with less human interference,
there is a good chance to become stable night roosting sites in the future.

A comprehensive overview of the night roosting site of cormorants observed in
Kinmen and Taiwan revealed that the night roosting site of cormorant in
Kinmen is similar as Taiwan. There are three conditions that cormorants prefer.
First, the water area is more than 1 hectare; second, at least 70% of forest area
within the 500 m buffer area outward from the water body; third, no road or
human interference beside the water body. In addition, the rainfall pattern
during the wintering period is not a key factor for cormorants to choose the

wintering area.
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D. Suggestions

Immediate Suggestion 1: Continuously implement cormorant population and
behavior monitoring in the main nocturnal habitat of cormorants, and
dynamically adjust the time, location and method of cormorant population
monitoring.
Organizer: Kinmen National Park
Co-organizer: National Taiwan University

Unlike single point population counts, long-term ecological monitoring surveys
can provide precious temporal information on population dynamic and strengthen
important background information for sustainable wildlife management. Since 2002,
the Kinmen National Park Administration has conducting cormorant counts in the
main nocturnal habitats of cormorants in Kinmen, and has accumulated 20 years of
cormorant population monitoring records. The monitoring results can effectively
reflect the progress and effectiveness of wildlife management and biodiversity
conservation in Kinmen, and serve as a basis for adaptive management evaluation.
In order to track and detect the impact of environmental changes on the wintering
cormorant population in advance, we suggest that keep counting the number of
cormorants in Kinmen biweekly during the winter in the main nocturnal habitats of
cormorants, and dynamically adjust the time, location, and method of population
monitoring according to the flight paths and behavior patterns of cormorants in that
year. Based on the observations of this project, we suggest that the observation site
of Xi Lake can be changed or increased to Nanshan Oyster Farm Control Post,
which has a wider observation horizon and is more in line with the outgoing and

returning routes of cormorants in recent years. Others night habitats can be counted
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in the same way of previous years.
Mid-term Suggestion 1: Remove invasive plants and replant seedlings of
suitable species in the main nocturnal habitat of cormorants in Kinmen
National Park.
Organizer: Kinmen National Park
Co-sponsor: National Taiwan University

According to the results of the vegetation survey in the main nocturnal habitat
of cormorants in Xi Lake and the inventory of nocturnal habitats on the whole
Kinmen Island, forest degradation has found in some nigh roosting site of
cormorants. Since cormorants prefer to inhabit tall trees in the immediate vicinity of
the water at night, we suggest that removing alien invasive species and replanting
with highly weather-resistant and fast-growing mullein seedlings in the main
nocturnal habitats of cormorants within the Kinmen National Park. The priority sites
are the central beachland of Xi Lake, the long embankment and public land adjacent
to the main nocturnal habitat of Xi Lake, and the long embankment of the middle
pond of Lingshui Lake. The most important thing is that avoiding applying these

work during the wintering period of cormorants.

Mid-term Suggestion 2: Design the method of ecological system service
payment and ecological compensation mechanism for cormorant habitat
creation.
Organizer: Kinmen National Park
Co-organizer: National Taiwan University

Ecological compensation is one of the conservation tools to work together with

local stakeholders, and this method is good for both nature conservation and local
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emotional connection. The roosting site of cormorants is not only located in the
public lands owned by Kinmen National Park, Kinmen County Government,
Kinmen County Water Treatment Plant, State Property Administration, but also on
private land. In order to create a cormorant-friendly wintering environment, we
suggest that designing the ecosystem service payment method and ecological
compensation mechanism for cormorants' nocturnal roosting site, which can
encourage landowners of private land within the main nocturnal habitat to join the
habitat restoration work. The priority site are the area near the fish farm on the north
side of Xi Lake and the the west side of the main nocturnal habitat. According to the
growing situation of the vegetation and coordination with the landowner, we suggest
that the goal of ecological system service payment can be removing of invasive alien
plants, tending and weeding, afforestation and patroling or observation of nocturnal

utilization of cormorants.
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