B W F B K 2006, Aug. 27 (4): 351-356 CN 53-1040/Q ISSN 0254 - 5853
Zoological Research

Population Dynamics and Breeding Space Niche of
Four Heron Species in Tanghai Wetlands
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Abstract: The population dynamics and breeding behaviors of Black-crowned Night Herons ( Nycticorax nycticorax ) ,
Egrets (Egtetta garzetta ), Chinese Pond Herons (Ardeola bacchus) and Great Egrets ( Casmerodius albus) were observed
in Tanghai Wetlands, Hebei Province from August 2004 to July 2005. Further, we studied the relationship of nest space
distribution and directly calculated the nest density of vertical and horizontal levels, the niche overlapping index and the
niche breadth. The results showed that there were two breeding areas, named Area | and Area [l . The maximum popula-
tion occurred in the period from April to September and was approximately 5800 individuals. Area | was occupied earlier
than Area Il by approximately half a month. In the breeding period, Black-crowned Night Herons were dominant in num-
bers and most occupied the upper nests of the core areas. Great Egrets also took the upper nests but they have the smallest
population. Most Egrets took the middle nests of the edges of the area. Chinese Pond Herons, with a smaller population
than the Egret, mostly nested in the edges, but some of them also took the lower nests of the core area. On the whole, the
vertical niche of Egrets is the widest, the horizontal niche of Black-crowned Night Herons is the widest and the niche
breadth of Chinese Pond Herons is the largest. The nest distribution pattern is the most similar between Chinese Pond
Herons and Black-crowned Night Herons, and the niche overlapping index of Chinese Pond Herons and Egrets is the
largest. Black-crowned Night Herons and Great Egrets control Egrets and Chinese Pond Herons in competition. Rich food
and the optimal ecological environments lead to plenty of herons in the wetlands. In addition, it is a distinguishing feature
of the four species that nests are built in poplar trees over 22 m tall.
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The Ardeidae birds are one of the important fami-
lies belonging to wetland ecosystems, and are viewed as
indicator for environmental assessment (Zhu, 2005).
Most of the Ardeidae birds have left for the north, espe-
cially the Tanghai Wetlands, with the increase of the
greenhouse effect around the world (Wang & Zhang,
2004) . Studies on the distribution area of herons have
been carried out since the 1980s. Reports about the
community structure of northern herons only come from
Ningxia (Ren, 1994), Henan (Zhang et al, 1994)
and Shandong Province (Yang, 2000 ).
population ecology is a research priority for Ardeidae
birds (Zhu, 2005) . In light of the excellent ecological

conditions of Tanghai Wetlands, we discuss the popula-

At present,

tion dynamics and breeding niches of four heron
species, namely Egrets, Great Egrets, Black-crowned
Night Herons and Chinese Pond Herons, which are all
widespread and dominant in population in China (Zhu,
2005) .

The Tanghai Wetlands are located in the southeast
of Tangshan City (39°07'43" — 39°27'23"N, 118°12’
21" - 118°43'16"E ), and include some parts of the
Tanghai County, the south of the Fengnan section in
Tangshan and the southwestern coast of the Luannan
County. The total area of the Wetlands is 760 km?.
There are nine natural rivers and artificial streams run-
ning through approximately 0.063 billion m® in the wet-
lands. It has various tidelands, salty-water swamps,
ponds and fresh water reservoirs suitable for some or-
ganisms such as fish, shrimps and so on. All these
have provided abundant food for birds, especially wa-
terfowls, thus enabling it to be a favorable environmen-
tal condition for avian inhabitation and reproduction.

The altitude of the wetlands is approximately 2.7
m above sea level. The climate is warm and moist. The
mean annual precipitation is 618.9 mm, mainly falling
in July and August and accounting for 64% of the an-
nual total. The mean temperature every year is 11.2
C.

In the wetlands, the breeding areas are roughly di-
vided into Area I and Area [[ . Area I lies in the
east, 3 700 m away from the Tanghai County, and
takes the shape of a sickle, the length of which is ap-
proximately 1 600 m and the width is 50 m. Area [ is
a portion of the northwest, 17 000 m from the Tanghai

county, covering from south to north (Fig. 1). On the
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basis of geographical division, the breeding areas are
included in shelter belts. In Area | , there are plenty
of Popus davidiana , Populusadensis, Populus nigral
variants and Populus tomentosa , and some Salix baby-

the
height of which is more than 20 m. The vegetation

lonica, Robinia pseudoacacia, Ulmus pumila ,
types are considerably complex and include Salix mat-
sudana variants, Datura stramonium , Suaeda glauca ,
Suaeda salsa , Imperata cylindrical , Chenpodium serot-
inum and Plantago asiatica . Comparatively, Area |l

just consists of poplar trees above 22 m high.

1 Methods

1.1 Data capture

The fledglings left the nests from late August to the
last ten days of December 2004. Their behaviors were
tracked using 8 — 24 x 5S0VM telescopes near the active
sites every day or every second day. As long as herons
appeared , their species and numbers were recorded us-
ing naked eyes or telescopes. During the breeding peri-
od from March to late July 2005, some behaviors such
as foraging, hatching and mating were inspected from
certain key positions. The total nests of each heron
species were counted and the niches of each were noted
down during the reproductive plateau.
1.2 Data process

The nest density of different areas was obtained by
arithmetical methods. The following exponential formu-

la was used to analyze the niche overlap (Sun, 2001):
Con = 1-1/2>, | Nj/N; = Njj/N,

In which: C; was the index between i species and h

species; Nj represented the numbers of i species in j
ecological community; N; represented the total numbers
of i species in the breeding areas; N); stood for h
species members in j ecological community; and N, for
the total of h species.

‘NU/N,- - Nh/Nh| reflected the difference in re-
source requirements between two species. Cj, ranged
from 0 — 1. Zero indicated non-overlap niches and 1
meant completely overlap .

All indexes were integrated according to the “sum
a” equation (Cody, 1974) as follows:

a = ag + oy/2

For calculating the niche breath, we applied the follow-

ing equation:
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Fig.1 Location of Tanghai Wetlands and the nest areas of four types of heron

B, = [1g>) Ny — (17> Ny) (D] NylgN;) 1 /1gr

in which: B; was the breadth of i species; N repre-
sented consumption of i species for j resource; and r
fixed the rank value of resources. B; was any value
from 0 to 1, in which 0 meant non-consumption, and 1

meant the same consumption degree for each resource.

2 Results and Analyses

2.1 Population dynamics

The first breeding group of herons originally set-
tled in Area | and Area I[ in 1995 and 1996, respec-
tively. Individuals of each group added up to 5 800 on
top of the baseline population of 200. Generally,
herons appeared in March and April, and migrated in
late September and the first ten days of October. The
total amounts fluctuated greatly during these periods,
but became quite steady in the breeding period from
May to August.

Black-crowned Night Herons arrived in the wet-
lands with the first group on the morning of March 14th
and were all adults aged 3 — 4 years (Zhang et al,
2003) . After hovering and tweeting for about ten min-

utes, they began to restore the old nests and drove out

some other birds such as the Black-billed Magpie and
Common Kestrel. Egrets were the next to move into
this area from March 25th on. The next to arrive were
Great Egrets with the smallest population. Chinese
Pond Herons appeared last with the first group arriving
on May 10th, which was moderate in numbers. They
rebuilt old nests and at the same time expelled Black-
crowned Night Herons. However, to some degree, they
were tolerant with Egrets. In the reproductive peak, we
counted each heron species. The results showed that
there were 4 988 Black-crowned Night Herons, 640 E-
grets, 372 Chinese Pond Herons and 56 Great Egrets
in total (Tab.1 and Tab. 2).

Area | was inhabited significantly earlier by the
four heron species compared with Area [, but Area
I was abandoned later. The time difference was about
half a month. The four heron species liked inhabiting
the old nests and settling in the same nest area every
year, which suggested that they maybe come from dif-
ferent wintering areas .

2.2 Breeding behaviors and spatial distribution of
niche
2.2.1

in the same nest area all the time . Egrets, Chinese

Breeding behaviors  Fledglings were fostered
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Tab. 1 The population size of the four heron species in Tanghai Wetlands (nest Area ] )

Date Black-crowned Night Heron Egrets Chinese Pond Heron Great Egret
( Nycticorax nycticorax ) ( Egtetta garzetta ) (Ardeola bacchus) ( Casmerodius albus)

14 March 750 0 0 0
21 March 2 254 0 0 0
25 March 2 420 24 0 0
1 April 2 760 58 0 0
15 April 3424 446 0 6
10 May 3428 446 124 10
5 June 3512 462 242 10
July — August 3512 462 242 10
15 September 2 110 96 84 6
17 October 80 14

November — February 0 0

Tab. 2 The population size of the four heron species in Tanghai Wetlands (nest Area [l )
Date Black-crowned Night Heron Egrets Chinese Pond Heron Great Egret
( Nycticorax nycticorax ) ( Egtetta garzetta ) (Ardeola bacchus) ( Casmerodius albus)
27 March 560 0 0 0
1 April 1 156 0 0 2
7 April 1 244 48 0 12
12 April 1452 176 0 46
6 May 1 476 178 0 46
2 June 1476 178 130 46
July - August 1 476 178 130 46
13 September 326 12 16 18
15 October 0 0 8 0
November — February 0 0 0

Pond Herons and Great Egrets were more active in pad-
dy fields and ponds during the day, but some Egrets
and Chinese Pond Herons also foraged in further areas,
even the seaside, because of interspecies competition.
Black-crowned Night Herons frequently foraged in
ponds from sunset until the next morning, but some
breeding pairs also looked for food nearby nest areas in
the daytime, especially on cloudy days during the
breeding peak . Fighting was particularly common in E-
grets but rare in Chinese Pond Herons. In addition,
Great Egrets directly attacked Black-crowned Night
Herons with their beaks in order to successfully rob
nests.

It was a usual occurrence that one female mated
different males in all heron species except for Great E-
grets. Herons generally laid eggs before setting up their
nests. They incubated in turns during the early breed-
ing period, but committed to a particular nest at a later
time when the nest structure had reached a balanced
state. In the nestling phase, adults bestowed great care
on the young offspring. The larger the nestlings were,
the shorter parents stayed with them. Meanwhile, food
provided by adults was gradually coming from semi-di-

gested fish and shrimps to fish about approximately 8
cm long. On the whole, Great Egrets had the longest
incubation period of 25 — 26 days, and Chinese Pond
Herons had the shortest of approximately 21 — 22 days.
2.2.2 Nest area dynamics At first, every pair of
Black-crowned Night Herons inhabited upper nests in
the optimal areas that had enough nests and a low
amount of human activity. When the population reached
1/2 of the maximum number, several weak adults and
most two-year old individuals were excluded to the
fringes, and even to the middle nests when the amounts
were 2/3 of the maximum. Egrets mainly inhabited the
upper nests in the edges of the nest area because of a
smaller population and smaller body size. However
some Egrets were capable of possessing the middle nests
of the optimal areas with the growth of the population.
Great Egrets successfully competed for the upper nests
of Black-crowned Night Herons. They were large and
strong but less in population. Chinese Pond Herons
solely inhabited the upper nests in the edges of the nest
area in general because they are the smallest in size,
while few of them inhabited the lower nests of the opti-
mal areas. In late September, Great Egrets were the
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first to leave breeding areas, and Chinese Pond Herons
were the last.

2.2.3

heron species were changeable during the early breed-

Nest space niche The populations of four
ing period. Therefore niches were investigated to record
accurate information about nest spatial distribution at
the peak. According to statistical results, there were al-
together 3 435 nests, of which 2 225 were Black-
crowned Night Herons, 310 were Egrets, 164 were Chi-
nese Pond Herons and 28 were Great Egrets, omitting
the uninhabited nests. The four heron species displayed
different preferences in different spatial niches. The
niche breadth of each species is shown in Tab. 3.
Black-crowned Night Herons were dominant in
numbers, but their vertical niche breadth was lower,
comparatively, than that of Egrets, which had the high-
est niche breadth. Great Egrets had the lowest niche
breadth. There was no significant difference in vertical
niche breadth between Chinese Pond Herons and E-

grets .

From a horizontal standpoint, most herons had par-
ticular preference for trunks for their nests. However,
Black-crowned Night Herons and Chinese Pond Herons
had no significant selectivity for different spaces and
their horizontal niche was wide. Egrets primarily occu-
pied the trunk areas, and Great Egrets completely in-
habited the solid trunk areas.

Overall, Chinese Pond Herons had the widest ver-
tical and horizontal niche. It demonstrated that Chinese
Pond Herons lived in the inferior ecological environ-
ments as a result of poor strength, but on the other
hand it also proved that they were more adaptive to dif-
ferent living conditions.

2.2. 4

species’ nests

Niche relationships among the four heron
The spatial distribution of nests was an-
alyzed using the nest niche overlap (Tab. 4).

The overlap index between Egrets and Chinese
Pond Herons was the highest. Conversely, it was lowest
between Egrets and Great Egrets.

Tab. 3 The nest density of the four heron species in different layers (per hectare) and their niche breadth

The density of vertical spatial nests

The density of horizontal spatial nests Niche breadth

Upper nest Middle nest Lower nest Trunk Near branch Far branch B+ B
h=18 m l6<h<18m h<16 m d<1/3r  1/3r<d<2/3r  d=2/31 n
Black-crowned Night
Heron ( Nycticorax 127.12 22.35 10.02 63.54 55.20 40.75 0.57+0.99
nycticorax )
Egret
ae 7.15 9.91 5.16 13.95 6.69 1.58 0.97+0.77
(Egteita garzetta)
Chinese Pond Heron
6.53 2.59 2.63 5.17 3.64 2.94 0.91+0.97
(Ardeola bacchus)
Great Egret
. 2.01 0.00 0.00 1.70 0.31 0.00 0.00+ 0.00
( Casmerodius albus )
r refers to the radius of tree crowns, d refers to diameter and h refers to height.
Tab. 4 The overlap index of the four heron species’ nests
Species Vertical spatial nests Horizontal spatial nests Total (a)
Black-c d Night He Nyectic
ac cruwn? ight Heron ( ycticorax nycticorax) 0.594 0.550 0.572
- Great Egret ( Casmerodius albus)
Black-crowned Night Heron ( Nycticorax nycticorax )
0.760 0.958 0.859
— Chinese Pond Heron (Ardeola bacchus )
Black-crowned Night H Nycticora: i
ack-crowned Night Heron ( Nycticorax nycticorax) 0.525 0.771 0.648
- Egret ( Egtetta garzetta )
Egret ( Egtetta garzetta ) — Chinese Pond Heron (Ardeola bacchus ) 0.766 0.813 0.790
Chinese Pond Heron (Ardeola bacchus)
. . 0.557 0.592 0.575
- Great Egret ( Casmerodius albus)
Egret ( Egtetta garzetta ) — Great Egret ( Casmerodius albus) 0.322 0.779 0.551

3 Discussion

Every year Black-crowned Night Herons appear in
Area [ at almost the same time as those in Ningxia and
Henan Province, but they arrive in Area I more close-

ly to those in Qufu, Shandong. Chinese Pond Herons
settle in the breeding areas half a month and 20 days
later than those of Shandong and Zhejiang Province, re-
spectively. This indicates that the reproductive period
of Ardeidae birds is correlated with latitude. The higher
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the latitude 1is,

Herons of the wetlands should be further studied as one

the later the reproductive period is.

of the northernmost reproductive groups.

In the wetlands, aquiculture provides adequate
food for herons, and coast shelter-belts planted in the
All of

these make the population size of the four heron species

1960s make good habitat for setting up nests.

increase year by year.

Black-crowned Night Herons and Great Egrets are
the predominant species, which is in accordance with
the conclusion of Custer & Osbom (1997). The nest
spatial distribution is regular either in vertical layers or
in horizontal layers. The structure of nest areas is quite
steady in the breeding peak Black-crowned Night
Herons and Chinese Pond Herons primarily inhabit the
core regions and the edges, respectively. These resulis
are extremely similar to the results of the Egret Nature
Reserve in Xiamen (Wu et al, 2001).
Night Herons inhabited the upper nests, which is iden-
tical to that of Wu et al (2001) and also to that of
Dongzhai in Henan (Zhang et al, 1994), Qufu in
Shandong (Yang, 2000). the nests of Chi-

nese Pond Herons are beneath Egrets” , which is against

Black-crowned

However,

the results of the Egret Nature Reserve in Xiamen (Wu
et al, 2001) .

eas while Black-crowned Night Herons and Chinese

In addition, Egrets occupy the trunk ar-

Pond Herons inhabit further branches, which is contrary
to the opinion from Taigong Mountain (Zhu et al,
1998) . Thus,

herons are significantly different in different districts.

it is evident that breeding behaviors of
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