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Abstract The impacts of artificial river alteration for

flood control on the dynamics of freshwater turtle popula-

tions were studied in small urban and rural river systems in

northwestern Chiba Prefecture, Japan, from 2003 to 2006.

The population density of the Reeve’s turtle, Chinemys

reevesii, decreased markedly, from 279 turtles km-1 in

2003 to 43 turtles km-1 in 2006 in association with the

artificial river alteration practices implemented by 2006.

Low turtle population densities in other river sections where

flood control measures have already been implemented

suggest slow population recovery. River alteration practices

also altered the age structures, sex ratios, and demographic

characteristics of the turtle populations, although the exact

consequences for population viability have not yet been

determined. Because the turtles select concave submerged

riverbanks or bottoms with slow or no current velocity,

increased current velocity in the altered river section make

the entire riverbank and bottom unsuitable for hibernation.

Overall, river alteration for flood control during the winter

season when turtles are inactive due to low water temper-

ature negatively impacted freshwater turtle populations.

Keywords River alteration � Flood control � Freshwater

turtles � Population decline � Hibernation sites

Introduction

Artificial riverbank alteration for flood- and bank-erosion

control measures, such as riprapping, removal of vegeta-

tion, and deepening of river bottoms, are regarded as pri-

mary causes of rapid and extensive declines in many

freshwater fishes, invertebrates, and mossy vegetation

(Miura and Uchida 2004; Nakano and Nakamura 2008;

Nagayama et al. 2008; Nakano et al. 2008; Nakamura and

Komiyama 2010). Therefore, various conservation coun-

termeasures, such as reclamation of natural watercourses,

removal of dams or weirs that interfere with up- and

downstream migration, and facilitation of fish movement

among rivers and surrounding shallow marshes for

spawning and feeding, have been proposed and imple-

mented (e.g., Wang et al. 2002; Pretty et al. 2003; Suren

and McMurtrie 2005; Suren et al. 2005; Nakamura et al.

2006; Nakano and Nakamura 2008; Nagayama et al. 2008;

Nakano et al. 2008; Nakamura and Komiyama 2010).

Destruction and deterioration of habitats due to con-

version of natural wetlands for agricultural and industrial

uses, and lake and riverbank alterations for flood and ero-

sion controls, are recognized as threats to the world’s

freshwater turtle populations (Dodd 1990; Bodie 2001;

Saunders et al. 2002; Spinks et al. 2003). In Japan, turtles

living in river systems at the urban–rural interface are

threatened by ex situ flood control of midstream areas

because expanding housing and urban developments in

upstream areas and the resulting increase in surface runoff

jointly cause flooding in downstream rural and urban

landscapes (Ando and Takahashi 1992, 1997). Especially

in areas surrounding Tokyo and other large Japanese cities,

rapid urbanization of upstream landscapes has caused river

alterations for flood control in many rural areas. Never-

theless, no field studies have quantitatively demonstrated
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the impacts of artificial river alteration on freshwater turtle

populations. Therefore, quantitatively documenting the

actual threats to freshwater turtle populations is urgently

needed in Japan, as well as in other parts of the world.

The goal of this study was to document declines in turtle

populations in Japanese urban and rural river systems and

to discuss possible causes for the population decline. Our

research began in the summer of 2003 as part of an envi-

ronmental education program for local elementary school

children in the city of Shiroi, northwestern Chiba Prefec-

ture, Japan, where the study river is located (Fig. 1). Ini-

tially, we captured as many freshwater turtles as possible

using baited traps to reveal the hidden abundance and

diversity of freshwater turtles in a rural river. We were later

notified by officials of the local urban development agency

that the river would be altered for flood control in the

winter of 2003–2004.

Because we did not have enough time to immediately

implement effective conservation strategies to rescue turtle

populations or to propose alternatives to the planned river

alterations, we decided to monitor the consequences of the

river alteration. We also implemented an urgent public

program to rescue wintering turtles just prior to the start of

construction in the fall of 2003. Here, we report the results

of a 4-year study of turtle populations in the Futaegawa

River, which flows in the city of Shiroi.

Materials and methods

Study area

Turtle populations were studied in the Futaegawa River, a

branch of the Kanzakigawa River, which flows into Lake

Inba-numa, Chiba Prefecture, Japan (35�460N, 140�030E,

20 m; Fig. 1). Linear length of the Futaegawa River is

6.4 km, and its basin area is 540 ha. Although the head-

waters are located in a heavily urbanized region, the

Futaegawa River basin includes extensive rural landscapes,

such as groves and marsh areas comprising alders (Alnus

spp.), the common reed (Phragmites australis), tall gold-

enrod (Solidago altissima), and rice paddies. In particular,

along the banks of the Futaegawa River before the altera-

tions, plants such as willows (Salix spp.), cattails (Typha

spp.), and Manchurian wild rice (Zizania latifolia) grew.

River alterations caused by deepening and widening the

water course and construction of sloping revetment

(Fig. 2), were implemented in the lower half of the

Futaegawa River from 1999 through 2006, mostly during

the winter months from November to March. We divided

the entire river course into five sections, each stretching

0.5–1.0 km in length, based on riverbank and riverbed

conditions caused by river alteration practices. We surveyed

turtle populations primarily on one of the five sections of the

Futaegawa River where alterations had been implemented

from 2003 through 2006. To compare turtle populations

living under different anthropogenic impacts, we per-

formed additional turtle surveys in the two other river

systems: a 1-km stretch of the Kanzakigawa River, where

river alteration had been completed by 2000, and a 1.7-km

stretch of the Kanayama Otoshi River, where no recent

river alterations have been implemented. Terraced rice

paddies surrounded these river stretches. The Kanzakigawa

River was surveyed in 2004, and the Kanayama Otoshi

River was surveyed from 2005 through 2006.

Methods

Lake (2001) recommended a before–after, control-

intervened (M BACI) design when reference sites are not

available to quantitatively evaluate the effects of river

alterations on biota. However, because we only started to

monitor turtle populations just before the commencement

of alterations, we compared turtle population densities

Fig. 1 Riverine systems of the Futaegawa River, the Kanzakigawa

River, and the Kanayama Otoshi River in the northwestern Chiba

prefecture, Japan. Numerals show the locations of the study section in

each river system
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among five sections of the Futaegawa River, each with a

different history of artificial river alteration, and two con-

trol sections in the Kanzakigawa and Kanayama Otoshi

rivers. Turtles were captured using a baited-trap method

(Gibbons 1990) in the open-water bodies from July to

September and by hand from November to January while

the turtles were hibernating. Captured turtles were uniquely

marked with coded numbers by making small holes along

the margin of the carapace, and the marking number,

species, sex, age, degree of melanism, body length [cara-

pace length (CL); plastron length (PL)], and annuli length

on their abdominal lamina were recorded. After being

recorded in this manner, turtles were released at the point

of capture. The coding system for individual marking fol-

lowed Cagle (1939), with slight modifications. Sex was

distinguished by the relative position of the cloaca; i.e., the

female cloaca is located closer to the posterior end of the

plastron than that of males. Turtles \75 mm in CL were

classified as juveniles. Age was determined by counting the

number of plastron growth rings (Sexton 1959); turtles

whose growth rings could not be identified were placed in

the oldest age category. For the Reeve’s turtle, Chinemys

reevesii, melanic males were classified as mature, and

males that were not completely melanic were classified as

immature (Yabe 1994). Likewise, females aged C9 or

those assigned to the old category were classified as mature

because the youngest gravid female was 9 years old in

C. reevesii (Kosuge, personal communication). Turtle

population densities per 1-km stretch were estimated using

the mark–recapture method with the Chapman-modified

Petersen formula (Chapman 1951; Seber 1970). Because

we undertook these surveys over only a few days in each

area, the populations were regarded as closed. Field

surveys were performed in the Futaegawa, Kanzakigawa,

and Kanayama Otoshi rivers in 2003–2006, 2004, and

2005–2006, respectively. We subsequently estimated pop-

ulation densities of respective turtle species by multiplying

the estimated total number of turtles irrespective of species

by the relative frequency of the species in the Futaegawa

River from 2003 through 2006. To demonstrate the effects

of river alteration on life history and demographic traits,

the proportion of mature turtles, and sex ratios of both

mature and immature turtles were examined for C. reevesii.

Environmental conditions of the artificially altered river

To evaluate whether postalteration river environments were

still suitable, especially for hibernating turtles, five micro-

habitat variables (i.e., width, depth, current velocity, sub-

strate, and riverbank and riverbed vegetation) were

compared before (2005) and after (2006) alteration for the

sections of the Futaegawa River. The surveyed area was

divided into a few equally spaced transects, and the numbers

of transects measured before and after the alteration were

three and two, respectively. These transects covered nearly

half the river length in the studied section. In total, ten points

were measured along a 100-m section of each transect. River

width was measured along a horizontal line 50 cm above the

river surface. Depth and current velocity were measured at

all transect lines from the left to right bank at 10-cm intervals.

In particular, current velocity was measured by velocity

indicator (Limited Private Company: Cosmo Riken, Model:

CR-11) longitudinally at three different depths (i.e., surface,

middle, and bottom) where the river was deeper than 20 cm.

Substrate conditions were recorded as gravel, silt, or mud,

and existence of riverbed vegetations was also recorded.

During the annual hibernating turtle survey in November

from 2003 to 2006, we searched turtles hidden in every

possible microhabitat, and the same four microhabitat vari-

ables except current velocity (see below) were recorded at

the points where the turtles were found. We thus compared

microhabitat conditions of the hibernation sites with the

general river environment both in the intact or altered sec-

tions. For river-current velocity, the largest values along a

Fig. 2 Futaegawa River in November 2004 (before) and November

2006 (after) alteration practices. Close-up in the circle shows the

riverbed covered with the hardware mesh
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line perpendicular to the direction of flow and extending

from hibernation points were recorded.

Results

Dynamics of turtle populations

Population density (number of turtles per 1-km stretch of

river course) of C. reevesii decreased significantly, from

279 ± 98 turtles km-1 [mean ± 95% confidence interval

(CI)] in 2003 to 43 ± 24 in 2006 (Fig. 3). Of 180 C. reevesii

recaptured for the first time in each river section surveyed in

2003–2006, 141 (78.3%) were recaptured in the same river

section, and 39 (21.7%) were found in the sections either

upstream or downstream adjacent to the sections of first

capture. For turtles that moved to other sections, the mean

distance between the initial and recaptured sites was

913 ± 333 m [mean ± standard error (SE), n = 33],

whereas the mean distance between captures within the same

sections was 258 ± 236 m (mean ± SE, n = 138). We

failed to accurately record capture points of nine turtles so

that data of those turtles was excluded from the analysis.

In the sections where river alterations had already finished

before we began our first survey in the Futaegawa and

Kanzakigawa rivers, densities of C. reevesii were approxi-

mately one fifth of those of river sections where the riverbank

and riverbed were not altered. Although the population

density of C. reevesii in the intact section of the Kanayama

Otoshi River was as low as 50% of the density in the

Futaegawa River in 2003, it was still higher than densities in

the altered sections of the Futaegawa and Kanzakigawa

rivers. The proportion of immature turtles gradually

decreased, from 60.6% in 2003 to 23.1% in 2006 (Table 1).

The sex ratio of mature turtles was male-biased in 2003 and

2004 but became female-biased in 2005 and 2006 (Table 1).

The sex ratio of immature turtles showed a trend similar to

mature turtles, as the sex ratio was male-biased from 2003 to

2005, but only females were captured in 2006 (Table 1). The

Kanayama Otoshi population of C. reevesii showed little

annual change in the proportion of immature turtles, from

57.9% in 2005 to 64.9% in 2006 (Table 2). The sex ratio of

mature turtles was male-biased both in 2005 and 2006 and

female-biased in immature turtles both in 2005 and 2006

(Table 2). Overall, the proportions of immature and male

turtles tended to decrease in the Futaegawa River more so

than in the Kanayama Otoshi River.

The ratio of native C. reevesii to the exotic slider turtle,

Trachemys scripta elegans, was nearly 9:1 in every year

except 2006, when the proportion of the slider turtle increased

slightly (Table 3). Mauremys japonica and a hybrid between

C. reevesii and M. japonica were captured only in 2003 and

2004 (Table 3). The densities of C. reevesii, M. japonica, and

the C. reevesii–M. japonica hybrid decreased from 2003

through 2006, whereas those of T. scripta elegans increased

from 2005 through 2006 (Fig. 4). However, the native-to-

exotic species ratio did not differ significantly among years

(chi-square test: v2 = 3.00, df = 3, P [ 0.05).

Environmental conditions of the artificially altered river

Physical, structural, and biological conditions of the artificially

altered section of the Futaegawa River were compared with

those before alteration. The average river width increased from
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Fig. 3 Changes in estimated population densities of turtles and

progress rates of river alteration. Filled squares indicate the progress

rates of river alteration. Open circles and error bars show population

densities (mean ± 95% confidence intervals)

Table 1 Sex ratios of mature and immature turtles in the Futaegawa

River from 2003 to 2006

Mature Immature

Male (%) Z P n Male (%) Z P n

2003 69.6 2.94 \0.01 56 61.6 2.16 \0.01 86

2004 59.5 1.23 0.22 42 60.0 1.41 0.16 50

2005 39.1 1.04 0.30 23 61.9 1.09 0.28 21

2006 40.0 0.63 0.53 10 0.0 – – 3

Table 2 Sex ratios of mature and immature turtles in the Kanayama

Otoshi River (control section) from 2005 to 2006

Mature Immature

Male (%) Z P n Male (%) Z P n

2005 62.5 1.00 0.32 16 40.9 0.85 0.40 22

2006 55.0 0.63 0.53 40 23.0 4.65 \0.001 74
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4.4 ± 0.5 to 5.5 ± 0.4 m (Mann–Whitney U test: U = 7,

P \0.001), and the average depth decreased from 20.5 ± 11.2

to 15.7 ± 7.6 cm [analysis of variance (ANOVA) F = 77.7,

P \0.001) when measurements were taken at low water lev-

els. Frequency distributions of river depth indicated that the

riverbed became structurally more simple and monotonous

(i.e., relatively flat) after alteration (Fig. 5).

The river-current velocity changed markedly with

alterations of the riverbank and riverbed. Frequency dis-

tributions of current velocity measured along the longitu-

dinal axis of stream flow at the surface, middle, and bottom

of the river were skewed; compared with after the altera-

tions, points with slower current (\10 cm s-1) were more

common than those with rapid current (C10 cm s-1)

before the alterations (Fig. 5). After alteration, the fre-

quency of rapid currents increased disproportionately

(Fig. 5), and the slopes of frequency that regressed on log-

transformed velocity (Fig. 6) differed between current

frequency profiles before and after the alteration [analysis

of covariance (ANCOVA) slopes, F = 6.54, P \ 0.05).

The riverbed substrate was artificially transformed from

a silt and mud bottom to gravel of 5–10 cm diameter

configured with hardware mesh (Fig. 2). Herbaceous plants

naturally growing both on the riverbank and on the river-

bed were completely removed during the alteration, with

the exception of rapidly growing annual grasses on the

riverbank (Fig. 2).

Impacts of river alteration on hibernating turtles

Before the alterations were made in late autumn 2003–2005,

hibernating turtle surveys yielded an average of 13.5 ± 1.7

Table 3 Annual changes in species compositions of the freshwater turtles

Year C. reevesii (%) T. s. elegans (%) M. japonica (%) Population density (n/km) Total number captured

2003 90.1 6.8 3.1 305 ± 100 161

2004 88.5 9.6 1.9 136 ± 49 104

2005 88.2 11.8 0 53 ± 23 51

2006 82.4 17.6 0 42 ± 32 17

Combined population density of the turtles was estimated irrespective of the species: Chinemys reevesii, Trachemys scripta elegans, and

Mauremys japonica. Numbers for M. japonica include C. reevesii–M. japonica hybrids
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Fig. 4 Population densities of Chinemys reevesii, Trachemys scripta
elegans, and Mauremys japonica (including the C. reevesii–M.
japonica hybrid)

Fig. 5 Cross sections of the river in intact (upper) and altered (lower)

sites. Colors indicate different velocities; bars denote vegetation
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individuals (mean ± SD) per 300-m stretch of the Futaeg-

awa River. After the alteration, only 0.6 ± 0.8 turtles were

captured in a 300-m stretch of the river. Microhabitats where

the turtles were found hibernating consisted of naturally

created submerged holes in muddy or silt riverbanks or

beneath thick root mats of deciduous willow trees along the

shoreline. The depth and current velocity at the hibernation

points were 15.9 ± 0.8 cm (mean ± SE) and 8.0 ±

0.6 cm s-1, respectively. In particular, the value of the

current velocity was irrespective of the maximum velocity

(38.2 ± 16.2 cm s-1) recorded at the center of the axis

perpendicular to the direction of flow. Frequency distribu-

tions of the depth and current velocity at hibernation points

were biased toward the lower values of intact river envi-

ronments. Profiles of river depth and current velocity at the

river bottom measured along an axis perpendicular to the

direction of flow in the intact and altered river were com-

pared with those of sites selected by the turtles for hiberna-

tion (Figs. 7, 8). We calculated the percentage of points

suitable for hibernation by dividing the number of points

where depth and velocity were within the range selected by

the hibernating turtles by the total number of points mea-

sured. After river alteration, the percentage of points within

the range of the depth and velocity favorable for hibernation

decreased from 9.5% to 0%.

Discussion

We found that freshwater turtle populations are threatened

by river alterations in urban and rural landscapes in Japan.

Overall, river alteration incurred severe population decline,

demographic changes in populations, and deterioration of

microhabitat for hibernation. Here, we first examine the

possible demographic mechanisms of population decline

and then discuss river environmental properties important

for ameliorating the negative impacts of river alteration on

freshwater turtles.
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River alteration caused severe declines in freshwater

turtle populations in the Futaegawa River, probably due to

death caused directly by river alteration practices with

bulldozers. We tried to reduce the death toll through rescue

programs to keep turtles at volunteers’ home during the river

alteration period. However, the number of turtles rescued

was 41 in 2003, and it was only 15% of the estimated size of

turtle populations in the summer of 2003. Therefore, we

could not deter population decline despite the fact that turtles

kept at volunteers’ home actually had a higher survival rate

(80%) than those that remained on site during the river

alteration (Usuda, unpublished data). The considerably

lower turtle densities in other rivers that had been altered

several years earlier suggest slow population recovery, or

depressed carrying capacity of altered river environments

due to depletion of food resources, possible disturbance to

egg-laying sites, and reduction in suitable basking sites.

Reduced population densities after river alteration may be

due to turtle avoidance of unfavorable habitats or escape

from deteriorated sections of the river. Gibbons (1986)

suggested that freshwater turtles are capable of long-distance

movement away from unfavorable habitat conditions.

However, 78.3% of recaptures were recorded in the same

section of river, whereas turtles recaptured either up- or

downstream of the original capture section did not move

more than 2 km, with the exception of a few that traveled

long distances. Therefore, emigration from unfavorable

habitats was an unlikely cause of the sudden population

decline associated with these river alteration practices.

Demographic mechanisms would also affect population

structure. The proportion of mature turtles increased from

2003 to 2006 (Table 1), implying that immature turtles

declined much faster than mature turtles, probably due to

failure to reproduce or greater mortality among immature

turtles. However, reproduction was not completely dis-

rupted, because a few juveniles were captured after river

alteration. Changes in age structure and sex ratio would

affect future dynamics of the turtle population.

What were the major causes of the decline in turtle pop-

ulations? Explicit causes would be an implementation of the

river alterations in winter, when low water temperatures

prevent turtles from avoiding physical disturbance. River

alterations are often conducted in the winter for reasons

associated with local climate. In Chiba Prefecture, where this

study was undertaken, lower precipitation in winter facili-

tates river alteration. In fact, river alteration is often imple-

mented in seasons with lower precipitation, though there is

few published data (e.g., Kaneko et al. 2004). However, to

conserve turtle populations, conducting river alterations in

winter must be avoided. Furthermore, both meteorological

and biological factors must be taken into consideration when

determining the timing of river alterations. Changes to the

river environment caused by these alterations also impose

pressure on native turtle populations. In this study, we

showed the differences in the river environment before and

after the alteration (Fig. 5). The alterations caused the river

to become wider, shallower, faster, and the riverbed more

homogeneous. The extent of vegetation was reduced by the

alterations. The altered sites are not suitable for hibernation

because current velocity is too high. Current velocities at

hibernation sites were significantly lower than those at the

center of the river, so the altered sites, which had current

velocities higher than at intact sites, would not be suitable for

hibernation. We captured few hibernating turtles in altered

sites. Vegetation on the riverbank and in shallow portions of

the riverbed is utilized for hibernation and basking or resting

sites, but altered sites had no vegetation. Because turtles hide

in the stream bed during hibernation, soft substrates such as

mud or silt are essential to provide suitable overwintering

sites. Altered sites no longer provided suitable sites for

hibernation because the entire river bed was covered with

gravel configured by hardware mesh (Fig. 2).

We here make two suggestions to accommodate turtle

conservation in future river alteration practices. First, river

alteration should not be implemented in winter so as not to

harm existing turtle populations. Second, areas with the

appropriate physical conditions, especially current veloc-

ity, should be created or left intact to maintain suitable

turtle habitat. Bunn and Arthington (2002) indicated that

longitudinal and lateral river connectivity is essential to

maintain the biological viability of many riverine species.

Realizing their suggestion would enable not only preserve

suitable microhabitats for hibernation but would also sus-

tain the freshwater turtle carrying capacity of the river

environment.
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