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Keywords: Great Cormorant, Kinmen, migration

A. Background

There are nearly 10,000 Great Cormorants wintering within Kinmen National Park
and the large population of Great Cormorant has been the focal point and ecotourism
and biodiversity conservation on the 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 decade. 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 include:

(1) To capture cormorants in its main roosting sites in Kinmen (Lake Tzu, Lake

Lingshui, and Lake Yanming) and release them after banding satellite locator
(at least 12 individuals) in three years.

(2) To determine daily activity pattern and movement routes of the wintering
cormorants in Kinmen and its breeding grounds and migration routes by using
satellite locators.

(3) To monitor the population dynamics of cormorants in each roosting sites and
investigate environmental factors of its daily activity.

(4) To observe the feeding range of foraging tactics of cormorants.

XV
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B. Methods

To determine the migration routes and breeding grounds of the wintering
cormorants in Kinmen, the project employed KoEco GPS-GSM solar-powered satellite
transmitters and attached the transmitters to individuals captured in Lake Tzu, Lake
Lingshui, and Lake Yanming. The satellite locators were set to transmit hourly from
04:00 to 19:00 and every three hours after 22:00. The project had attached and released
three cormorants from January to April 2020.

Investigators of this project conducted full-day observation from 1 hour before
local sunrise and explore the daily activity pattern, movement routes, population size,
and exchanges between the roosting site, with the aids of satellite locators. From
January to April 2020, this project has been conducted such behavior observations at
least 3 days per month on populations in Lake Tzu and Lake Yangming. The
investigators selected banded or distinct individuals of cormorants, conducted focal
observations on the selected individuals as long as possible, and continuously recorded

its foraging attempts, duration of the diving bout, and success rate of foraging.

C. Major Findings

This project has completed scheduled tasks for this year, and the major results and

conclusions include:

(1) The population size of cormorants roosting in Lake Tzu significantly
decreased in 2020. The possible reasons include the trees in the roosting site
have decimated, and there was very low precipitation in 2019 and 2020, both
affected the habitat quality of the Lake Tzu roosting site.

2 The population size of cormorants roosting in Lake Yangming observed
significant monthly and yearly variations, suggesting unstable population

composition. For example, the population size of cormorants roosting in Lake
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Yangming in late October was about 1,000 in 2020, 1,607 in 2015, and less
than 100 in the other years.

The population size of cormorants roosting in Lake Lingshui decreased
significantly from 2018 to 2020, possibly due to the severe drought during this
period of time.

The cormorants of Lienyu mainly roosted in Lake Xi Reservor, with about 90
individuals in early November. However, the roosting site is very close to the
road and the roosting cormorants are very likely to be affected by the
approaching cars and tourists.

The project has banded 3 cormorant individuals and released one (K-1) in Lake
Tzu and two (K-2, K-3) in Lake Yangming, from January to April 2020.
Revealed by the reported locations of satellite transmitter, K-1 started spring
migration on April 8 in 2020, covering at least 2,212 km in 18 days. The final
reported location of K-1 was located Liaodong Bay, where should be its
breeding ground, and presumably entered the no-signal zone afterward. The
K-2 and K-3 individuals did not observe spring migration.

With the stagnated locations reported by satellite transmitters, K-3 was found
dead for days with a carp carcass filled in its gap. It is assumed that K-3 could
not successfully swallow the fish and died by starving.

In their spring migration, the cormorants wintering in Kinmen mainly moved
during day time (5:00-19:00) and frequently visited many stopover sites and
staging sites, mostly rivers, reservoirs, lakes, aquaculture ponds, and estuaries.
The reported locations of two cormorants (npul912 and npul925) tagged with
satellite transmitters by the National Pingtung University of Science and
Technology in Ougu Wetland revealed the individuals possibly bred in Daking

National Wetland Park in Helongchang Province and in the Argen riverbank
XVII
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(10)

(11)

(12)

(13)

(14)

bordering China and Russia.

The preliminary results suggest that the cormorants wintering Southeastern
China and Taiwan could fly over mountain ranges over 2000 m and fly across
the sea to shorten flight distance during spring migration.

The polylon buoys of oyster farms between Daden and Outou have been
removed from 2020. This destroyed the resting sites of cormorants and
subsequently changed the foraging bevavior and movement pathways of
cormorants.

The movement pathways of cormorants returning from sea to Lake Tzu in the
late afternoon were mostly between Huhsia Stronghold and Nanshan Patrol
Station and rarely flew through Dike Tzu, which is different from the
movement pattern in 2005.

There is a sandbar emerging during low tides between Ushachia and Outou
and lasts for about 1 hour. This sandbar was not observed in the 2005-2006
observation period of previous study but now serve as resting sites for the
cormorants.

In addition to the “whirling” and “rafting” group foraging tactics, the
population roosting in Lake Yangming had been observed another group
foraging tactics, in which dozens of cormorants swim and dive in the same
direction. The pattern, individual effect, time budget, and foraging success rate

will be monitored in the subsequent study.

D. Suggestions

This project provides two immediate actionable suggestions and one long-term

suggestion.

Immediate Actionable Suggestion 1: Investigate the growth, survival and natural

XVIII
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regeneration of Casuarina in the roosting site of Lake Tzu.
Organizer: Kinmen National Park
Co-organizer: National Taiwan University
The roosting site in Lake Tzu is an important habitat for Great Cormorants in
Kinmen but had suffered by typhoons, aging, and competition from morning glory. It
is recommended to conduct vegetation investigation in summer for scientific basis of
future replanting or habitat management.
Immediate Actionable Suggestion 2: Install decoys and play sounds of Great
Cormorant in the roosting site of Lake Tzu
Organizer: Kinmen National Park
Co-organizer: National Taiwan University
The habitat quality of the roosting site in Lake Tzu has been degraded in recent
years. In order to attract cormorants, it can be considered to install decoys or play the

sound of Great Cormorant in the suitable roosting sites of Lak Tzu.

Long-term Actionable Suggestion 1: Divert water to Lake Tzu and replant
Casuarina in the roosting site of Lake Tzu.
Organizer: Kinmen National Park
Co-organizer: National Taiwan University
Kinmen recorded historically low precipitation in 2019 and 2020 and many
waterbodies have dried up and impacted the wintering cormorant populations in Lake
Tzu and Lake Lingshui. It is suggested to divert water into both lakes and replant

suitable trees along the lake shores.
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