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Abstract

Breeding habitat of the Little Tern in a coast-river continuum was studied in relation to dam de-
velopment. A habitat shift from coast to river occurred decades after dam construction as the
dam-caused coastal erosion became manifested. On the other hand, the riverine habitat was af-
fected by dam both positively and negatively. The positive aspect is the reduction of inundation
risk for the habitat, and the negative effect is the vegetation development on the habitat. As a re-
sult, the bird did not abandon the riverine habitat although its physical characteristics may be
considered as suboptimal. In addition, reasoning was given to explain why an artificially created
habitat was not used by the bird. A general message resulting from this study is that species adap-
tive behaviors should be taken into consideration in assessing environmental impacts caused by
human activities such as dam development.
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1. Introduction

Little Tern (Sterna albifrons) is a migratory seabird of the tern family Sternidae, which is 20 - 28 cm long, with
a wingspan of 45 - 55 cm and a weight of approximately 50 g. It is white in color, with pale blue-grey wings and
back, and a black cap. This bird breeds on the coasts and inland waterways of temperate and tropical Europe and
Asia. Little Tern population has declined or become extinct in many European countries [1] [2], and the loss of
inland populations has been even more severe due to dams, river regulation and sediment extraction. In 1994,
the species was listed as Species of European Conservation Concern (SPEC), and the status remained unim-
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proved for 10 years after being listed [3]. Garnett classified the Australian breeding population of the Little Tern
as vulnerable [4], and the bird is listed as Endangered (Schedule 1, Part 1) in the State of New South Wales un-
der the Threatened Species Conservation Act 1995. A population decline in India was also reported [5]. In Japan,
because of its population decline and habitat degradation, this species is listed as “vulnerable” in the Red List by
the Ministry of the Environment of Japan.

There are a number of international agreements for the conservation of the Little Tern:

Japan Australia Migratory Bird Agreement (JAMBA): Provides for co-operation between the Govern-
ments of Australia and Japan to protect birds which migrate between the two countries. The Little Tern is one of
the species listed.

China Australia Migratory Bird Agreement (CAMBA): Provides for co-operation between the Govern-
ments of Australia and the People’s Republic of China to protect birds which migrate between the two countries.
The Little Tern is one of the species listed.

Convention on the Conservation of Migratory Species of Wild Animals (Bonn Convention), which pro-
vides a framework for enhancing the conservation status of rare and threatened migratory species throughout
their international range.

Convention on Wetlands of International Importance, Especially as Waterfowl Habitat (Ramsar Con-
vention), which promotes the conservation of wetlands and waterfowl.

In keeping these international commitments, the Little Tern has been widely studied for their diet, foraging
rhythms, foraging habitat and colony sites [6]-[8]. However, habitat selection by the bird remains insufficiently
understood. For instance, it is generally accepted that Little Terns establishes breeding colonies on the bare
ground with little vegetation cover [9] [10]. However, [11] showed that Little Terns positively selected for
beaches with vegetation. How the bird’s preference for non-vegetation substrate might be affected by other fac-
tors such as predation avoidance is poorly explored. In North America the Least Tern—a near identical spe-
cies—has been shown to avoid nesting in areas with high disturbance but otherwise suitable habitat [12]. In
Portugal, Little Terns have shifted away from nesting on sandy beaches and instead they are using man-made
Salinas. This shift is thought to be linked to human disturbance [13]. To date, Critical Habitat has not been de-
clared for the Little Tern, therefore, more studies to better understand the impacts of disturbance on Little Terns
should be pursued [14]. While lacking systematic analyses, countermeasures have been taken in the field. Some
colonies of the bird in Japan are now protected for reducing disturbance from people and dogs through fencing,
public education and moving nests to safer locations as well.

In light of insufficient understanding on the response of the bird to environmental change, the present study
examined the breeding habitat selection by Little Terns through a case study. It was aimed at providing an inte-
grative analysis on the bird’s breeding colonies with regard to human disturbance, vegetation and flooding in
relation to dam development.

2. Materials and Methods
2.1. Study Site

The present study focused on the lower reaches of the Tenryu River. Tenryu River originates in the central
Honshu Mountains in Japan. From its source at Lake Suwa in Okaya, Nagano Prefecture, it extends 213 km, and
drains 5050 km? into the Enshunada Coast (Figure 1). In length, it is Japan’s 9th longest river. There are five
dams along the mainstream; Yasuoka Dam, Hiraoka Dam, Sakuma Dam, Akiha Dam and Funagira Dam. The
largest one is the Sakuma Dam having a total storage of 326,848,000 m3. Akiha Dam and Funagira Dam were
built to regulate water level fluctuations caused by the operation of the Sakuma Dam. Sakuma Dam traps nearly
all the sediment load from the upstream of the Tenryu River. Consequently, the Enshunada Coast has signifi-
cantly receded over the past decades, which implies the degradation of coastal habitat for the bird. The Lower
Tenryu River is the portion of the river from the Kashima site to the river mouth. It is now an important habitat
for Little Terns in Japan.

A remaining active source of beach-forming sand supply to the coast after the dam construction is the Keta
River, which is a tributary of the Tenryu River and located downstream of the four sediment trapping dams but
upstream of the Kashima site.

Figure 2 shows the aerial photos of the Lower Tenryu River taken in 1947 and 2003, respectively. It appears
clear that the river course has been significantly transformed from a non-vegetated to vegetated channel. The
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Figure 1. Tenryu River.

dominant plant species are willow and Canada goldenrod. There are a large number of publications on in-chan-
nel vegetation dynamics ranging from estimating vegetation-induced resistance, modeling the local alterations of
flow and sediment transport by vegetation [15]-[17], and vegetation effects on channel stability and migration
[18] [19] to the association with in-stream nutrient dynamics [20]. In this study, the attention was given to the
possible impact of in-channel vegetation development upon the bird.

2.2. Methodology

This work was designed to examine the impact of dam on the bird’s breeding habitat along the river-coast con-
tinuum. A new angle of view is to look at the coast and riverine habitats not separately but integratively for the
evaluation of dam impact. The hypothesis is that dam may affect coast and riverine habitats differently, causing
the birds select one over another. Such an evaluation was made by integrating information for coastal erosion,
in-channel vegetation and flow regime alteration that are all induced by dam development with information of
bird’s habitat use.

According to the survey by the Ministry of Environment, Japan [21], major factors affecting the breeding of
the bird include predation, human disturbance, vegetation development and habitat flooding. Along the Lower
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Figure 2. Plan view on the change in Lower Tenryu River.

Tenryu River, Little Terns mainly use middle sandbars as breeding sites where there are virtually no human in-
trusion and little predation threat as well. The investigation focusing on such sites allows identifying the effects
of vegetation and flooding on the bird’s selection of habitat with less uncertainty.

Firstly, an interview with a local nonprofit organization—Association for Protection of Marine Community,
was conducted to gain information on the bird’s behavior decades ago. Then, long-term flow discharge records
before and after dam development for the Lower Tenryu River, and in-channel vegetation information were col-
lected from the river management office. The data of in-channel vegetation change were obtained by image
processing based on aerial photos taken by the Geospatial Information Authority of Japan over the Tenryu River.
The present study visually examined the same aerial photos from the 1960s to the 2000s counting the number of
sandbars along the Lower Tenryu River to identify changes of sandbars in the river course over time.

To see the change in flow conditions under which the in-channel vegetation developed, flow discharge
records prior to the Sakuma Dam construction and during the period from 1989 to 1999 were analyzed in terms
of flow duration curve. The flow-duration curve is a cumulative frequency curve that shows the percent of val-
ues that specified discharges were equaled or less than (percentile), or the percent of values that specified dis-
charges were equaled or exceeded (percent exceedance). It is an important means of representing flow characte-
ristics of a stream throughout the range of flow on a single curve.

To quantify how the annual sediment supply from the river to the coast was affected by in-channel vegetation,
12 vegetated sites along the river course were surveyed for their sediment size distributions and deposition
depths in order to estimate how much sediment was trapped in vegetated zones. The sampling procedure was to
target a 100 cm x 100 cm square at each survey site. The top surface layer of 5 cm was removed and discarded
in order to eliminate any un-natural disturbance. The next layer of 5 cm was dug out for sediment size investiga-
tion. For those larger than 64 mm, the longest axis was directly measured. For 4 mm< size < 32 mm, a sieve
analysis was performed in the field while for 63 pm< size < 4 mm, the size analysis was conducted in the lab
with Laser Diffraction Particle Size Analyzer. Once the sample has been analyzed, the results are presented in
the form of a cumulative grain size distribution curve. The field visits took place from 2006 to 2012.

Besides, field inspections on substrates of the bird’s breeding colonies and their positions relative to water
surface edge were carried out.

Results were combined to quantify environmental changes such as vegetation cover and sandbar inundation
frequency, and examine how the Little Tern behaved under changing environment. Furthermore, the breeding
habitat selection was discussed from the foraging angle. Finally, an integrative view on the breeding habitats of
the Little Tern was presented.

3. Results and Discussion
3.1. Costal Habitat

According to the interview with the nonprofit organization -Association for Protection of Marine Community,
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the Enshunada Coast was used for breeding annually by more than 1000 Litter Terns in the 1980s, but the num-
ber of nests on the beach in recent years was grievously decreased. In 2011, as shown in Figure 3, Little Terns
arrived at the Niihama beach site on the Enshunada Coast which used to be a breeding habitat for a large number
of the birds, yet they did not build nests there. Besides, the number of nests found around the river mouth was
just 14 in 2011 according to the report by the Environmental Ministry of Japan [22]. The reason that Little Terns
abandoned the coastal breeding colony may be attributed to the coast erosion. As illustrated in Figure 4, the
beach erosion progressed significantly along the Enshunda Coast over the past decades. According to [23], the
500-m-terrace offshore of the Tenryu River mouth existed in 1984 had entirely disappeared by 2004. The max-
imum reduction of beach width along the coast reached to 50 m [24]. The root cause of the beach erosion is the
dam construction in the upstream of the Tenryu River that disrupted sediment supply from the river to the coast.
However, a research question is why the erosion manifested more remarkably since the 1990s, which was a long
way behind the completion of the Sakuma Dam. A study by Huang indicated that one reason for the time lag
between the dam development and coastal erosion was the sediment supply from the river channel bed erosion
which was triggered by the sand and gravel mining along the lower reaches of the Tenryu River prior to 1980
[25].

On the other hand, a new mechanism accelerating beach erosion on the Enshunada coast occurred in the
1990s that is in-channel vegetation development. Figure 5 shows the time series of in-channel vegetation area in
the Lower Tenryu River. The vegetation growth started in the 1950s and remained more or less the same in the
1970s, accounting for less than 5% of the total river channel area. However, there was a big jump in the percen-
tage of the vegetation area during the late 1980s and the1990s. At present, the vegetated area accounts for about
20% of the total river channel area in the Lower Tenryu River.

Figure 6 shows the representative field results that are measured sediment size distributions on the vegetated
floodplain at 14 km site and on the vegetated sandbar at 5 km site from the river mouth, respectively. A domi-

A e = AN ST PSRy O ~agEn
| O :Nestingsite &4 -1 7
i - Arrival only & A
i1 7 & A
: 0 i
[ \""\ » 3
[0 o N memay  § :
- & s !
K2 /) M /
= gl\’“\z
[ e
153 ) *pﬁ I 3 4
#Em LI TR <7 POMIRAEE
= REN 1O
17 i \‘r
e, | 4 §2 : & P ‘%7"53 <
5km :
IWI_I FOE ) L 150,

Figure 3. Nesting sites in 2011.

Figure 4. Coastline receding around the river mouth.
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Figure 6. Sediment size distributions in vegetated zones.

nant feature of the results is that a large portion of the Enshunada beach sands (0.1 mm - 1 mm) was found in
vegetated zones. Based on sediment size distribution and deposition depth, the mean trapping rate for
beach-forming sands of the Enshunada coast in the Lower Tenryu River was estimated to be 0.19 m*/m?/year
from the 12 survey sites. By multiplying this mean trapping rate with the total vegetation area along the Lower
Tenryu River, it was inferred that 20000 m® sands could have been trapped yearly in floodplains and middle bars
by vegetation. Besides, by examining sands with polarization microscope, it is clearly seen that beach-forming
sands found in vegetated zones are from the Keta River.

A study byTorii et al. estimated that the long-term average of the annual sand supply of this river was 8.0 x 10°
m3/yr under natural conditions [26]. Uda et al., based on coastal morphological data, estimated that the mean
annual sand supply was 65,000 m?® for the period of 1975 to 1985 [27]. Okano et al. reported the simulation re-
sult of beach-forming sand flux from the river to the coast as being 11 x 10* m? /yr under current conditions [28].
Compared to these previous findings, it can be stated that the sand trapping by in-channel vegetation in the low-
er reaches of the river is significant, which further exacerbated the beach erosion. As beach receded, coastal ha-
bitat for the Little Tern was diminished.

3.2. Riverine Habitat in the 1990s

Little Terns mainly used middle sandbars for breeding in the Lower Tenryu River. Figure 7 shows the variation
of the number of nesting sites in the Lower Tenryu River over the past decades. The number in the first half of
the 1990s seemed to follow the vegetation growth. However, this should not be interpreted as the bird’s prefe-
rence to vegetation, but indicative of the loss of coastal habitats which led to the concentration of birds in rive-
rine environments.

Figure 8 shows the comparison of flow duration curves before and after the construction of the Sakuma Dam.
It can be noticed from this figure that the occurrence of discharges in the range of 2000 - 8000 m*/s had been
reduced by a factor of 2. By performing 1-D numerical simulations of river flow with HEC-RAS in the Lower
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Figure 8. Flow regime change due to dam construction.

Tenryu River, it was found that flows with discharge above 2000 m*/s would result in complete inundation of all
sand bars, and flows in the range of 1000 - 2000 m*/s would cause partial inundation of sand bars in the Lower
Tenryu River. This suggests that the risk that the bird’s nests on the sandbars might be washed away by flood
waters was significantly reduced in the 1990s. Therefore, the increase in the number of nests for breeding on
sandbars in the river during the 1990s in comparison to the 1980s may be attributed to both the loss of coastal
habitat and the reduced flooding risk of river sandbars. As shown in Figure 9, the substrates of coastal and rive-
rine habitats are very different. Because the flow reduction and vegetation growth may cause the river channel
substrate to shift from coarse materials to fine sediments, habitats similar to the coast habitat might be formed in
the river course. This might be considered as a mechanism for Little Terns to use sites with vegetation.

3.3. Riverine Habitat in the 2000s and Adaptation

As shown in Figure 10, the number of sandbars in the Lower Tenryu River declined significantly as compared
to the 1960s. Besides, the areas of the large sandbars were also shrunken; the area of the largest sandbar in 2006
was just one fourth compared to 1962. Nevertheless, the number of sandbars was stabilized since 1980s and
there was even a slight increase in the 2000s.

Considering the fact that the breeding period of Little Terns in Lower Tenryu River is from April to July, the
tolerance of Little Terns to the flood characteristics over this breeding period in the 2000s was examined.
Figure 11 shows the number of floods having discharge larger than 2000 m%s during the period from April to
July and the number of nests in the 2000s. In 2004, 2006, 2007 and 2011, large floods occurred during the breed
period. However, the nests of Little Terns were re-established after flooding except 2006. In 2011, all sandbars
were inundated three times during the breeding period. Nevertheless, the intervals between these floods were
longer than 20 days that is the incubation period for Little Terns. This allowed reestablishment of nests after
flooding. In 2006, the number of nests was the lowest while there was just one flood with discharge larger than
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Figure 9. Difference in the substrate of breeding habitat.
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Figure 11. Effect of flow discharge on the number of nests.

2000. Therefore, factors other than flooding should be sought for the low number of nests. This study hypothe-
sizes that water temperature is the determinant because Little Terns forage on sweat fish (Plecoglossusaltiveli-
saltivelis) or Ayu in Japanese, and the spring migration of sweat fish from sea to river depends on water temper-
ature [29]. When water temperature is low, they may suspend migration. [30] reported that Ayu’s migration was
frequently observed when water temperature was the range of 15°C - 20°C. As seen in Figure 12, nests are cor-
related with the mean water temperature for the period from April to May. The correlation coefficient is 0.75
and p = 0.018 < 0.05. In 2006, the mean water temperature was around 12°C, out of the optimal range for migra-
tion.

Field inspection on the edge of vegetation zone and breeding sites revealed that as vegetation zone on sand-
bars expanded, the birds did not abandon sandbars. Instead, they selected sites away from vegetation but closer
to water for breeding. Such a position shift toward water exposes the nests to higher risk of being washed away
by floods. This may be viewed as the bird’s adaptation to the suboptimal environment under the conditions of
the losses of coast habitats and river sandbars. Such a choice of nesting close to water allows individuals to mi-
nimize travel time and energy expenditure, and thereby to allocate a greater proportion of time and energy to

D
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their nestling’s needs.

In view of the use of sandbars by Little Terns, local NOPs created an artificial sandbar in the river course.
However, this artificial sandbar was not used by the bird. Field inspection revealed that the reason of no adapta-
tion by the bird to such artificial sandbar might be the edge shape of the sandbar. Compared to naturally formed
sandbars, the artificial one has a steeper edge as shown in Figure 13. A gentle edge slope will form shallow wa-
ter areas around the sandbar, which are ideal for foraging because they feed on small fish, often juveniles, and
small fish uses shallow waters more frequently than large fish. Besides, it was observed that Little Terns often
plunge-dive for food so close to the sandbars (~2 m) where water depths va

Slope < arctan (30/200) =85 @

4. Conclusion

Based on the afore-explained findings, an integrative picture can be drawn with regard to the breeding habitat
for Little Terns in the Enshunada Coast-Tenryu River continuum (Figure 14). The coastal habitat degradation
lagged behind the dam construction due to in-channel sand and gravel mining. As sand mining stopped and
in-channel vegetation further reduced sediment supply, beach receded significantly, forcing the bird to abandon
the coast. On the other hand, dam development altered downstream flow regime reducing the flooding frequency
of sandbars in the lower reaches of the Tenryu River. Sandbars free from human disturbance and less inundated,
are favorable breeding site to the bird. As a result, Little Terns abandoned the coast and concentrate in the river
course and build nests mainly on middle sandbars. Although in-channel vegetation development can be consi-
dered as a negative factor, the bird responded to it by moving its nesting sites toward waterline. A lesson learned
from this study is that dam, while damaging habitat of a species at one physical environment, might lead to the
enhancement of habitat for the same species at another physical environment. Therefore, disappearance of habi-
tat should not be examined in isolation.
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