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Abstract
Introduction From December 2008 to November 2009, an
investigation of water quality was performed in the 70-km
long downstream from Gezhouba Dam in Yangtze River.
Methods Twelve sites in all were chosen. Nine parameters
of water quality including the total phosphorus, the total
nitrogen, chlorophyll a (Chl.a), nitrite, nitrate, ammonia,
water temperature, DO, and pH were monitored almost
monthly. The multivariate statistical technique (cluster anal-
ysis) and the nonparametric method (Kruskal–Wallis Test
and Spearman’s rank correlation) were applied to evaluate
the spatiotemporal variations of water quality data sets.
Results and discussion According to the Chinese environ-
mental quality standards for surface water (GB3838-2002),
the water quality in the river section investigated can attain to
the III water standards except total nitrogen. Further analysis
indicated that there were no significant spatial differences in
these parameters of water quality, but the sampling date had a
significant effect. The temporal variation of water quality can
be related to the discharge of Gezhouba Dam and moreover be
affected by the reservoir regulation. During the discharge, the
discharge increased the concentration of total phosphorus and
then decreased the N:P ratio, which helps to the occurrence of
algae blooms. The high consternation of phosphorus and the
low N:P ratio show that the water body can be in the process
of eutrophication during the discharge of Gezhouba Dam. In
fact, Chl.a had begun to rise in the same period.
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1 Introduction

All this time, an increasing attention has been paid attention
to water quality problems. Among these problems, exces-
sive loading of nutrients causing water quality is particularly
prominent. N and P exports from point and nonpoint sources
can have profound effects upon the quality of receiving
waters (Carpenter et al. 1998). Commonly the majority of
freshwater eutrophication research during the past several
decades has been focusing on lakes and reservoirs, but the
nutrient enrichment of flowing waters is also of great con-
cern (Smith et al. 1999). In China, lake eutrophication has
become one of the most severe environment problems and
then the concern about the rivers is relatively less.

Nutrients in a river mainly come from various sources
including domestic sewage, industrial wastewater, livestock
and poultry breeding excretion, aquaculture byproduct,
groundwater, surface runoff, and atmospheric inputs.
Compared to the lake, the issue of water quality in flowing
waters is more intricate, although the flowing waters can
transport pollutants to the downstream and a large number
of interacting processes involving several biotic and physi-
cal factors restrict the development of nutrient enrichment
on algal growth (Hilton et al. 2006).

Yangtze River as the longest river in Asia is the most
important river in China. In the past several years, many
studies concerned about the effect of the Three Gorges Dam
on the water quality downstream and assessing the water
quality of the Three Gorges reservoir have been carried out
(Liu et al. 2010; Duan et al. 2008; Müller et al. 2008; Cao et
al. 2011). Besides directly taking the Three Gorges reservoir
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as the object, the studies about the Yangtze estuary under the
conditions of the impounding of the Three Gorges Dam are
also another hot topic (Zhang et al. 2007; Chai et al. 2009;
Zhou et al. 2009; Zhu et al. 2009). There is some work about
the total valley or the confluent (Yuan et al. 2006; Tang and
Liu 2006; Li et al. 2009). In summary, those studies of
nutrient about some section in the main stem of the
Yangtze River are less.

Gezhouba Dam is the first dam in Yangtze River, and
then the study about the impact of Gezhouba Dam on water
quality is very lacking. Gezhouba Dam is concerned more
on account of the spawning sites for Chinese sturgeon in the
downstream (Yang et al. 2008; Wang and Xia 2009). In
2008, a water quality investigation, as a part of a project
of the breeding population and scale of Chinese sturgeon in
Yichang section, was carried out. The investigation was
performed with high-frequency and density monitoring in
the downstream relatively near the dam, and made up for the
lack of study taking the main stem of Yangtze River as the
object and monitoring in high frequency. The data from the

investigation will help better to understand the relation of
the regulation of the dam and the water quality downstream.
The aim in this paper is to: (1) access the water quality; (2)
analyze the spatiotemporal distributions of water quality
especially for N and P using some statistical technique;
and (3) identify the relations between the distributions and
water level/water quantity, and then discuss the effect of the
reservoir on the water quality in the downstream relatively
near the dam.

2 Materials and methods

2.1 The study area

Because Chinese sturgeon migration paths were obstructed
by Gezhouba Dam, rendering these fish unable to return to
their original spawning sites, Chinese sturgeon species’
spawning grounds shrank to a length of 30 km downstream
of the Gezhouba Dam, which is set up to the core zone of

The buffer zone

The core zone

Fig. 1 The map of the area investigated
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the Chinese sturgeon conservation district. The whole con-
servation district is more than 75 km long which is from the
Gezhouba Dam to Zhijiang city. The river section from 30 to
75 km is set up to the buffer zone. In this investigation, there
were nine sampling sites (S1–S9) in the core zone and three
sites (S10–S12) in the buffer zone (Fig. 1).

From Nov 2008 to Dec 2009, all sites were monitoring
almost monthly, ten times in all. At the same time, the site S0
400 m before the Gezhouba Dam was added to contrast the
difference of water quality between the reservoir and the down-
stream (Fig. 1). The 11 sampling sections were established by
GPS navigation from Gezhouba Dam to Zhijiang city (Table 1).
Each site in the core zone was separately sampled in the left
bank, the right bank, and the middle of the Yangtze River.

2.2 Sampling and analytical

The monitoring parameters refer to Table 1. As a part of a
project of the breeding population, the four parameters
were mandatory including the total phosphorus (TP), the
total nitrogen (TN), ammonia (NH4

+), and chlorophyll a
(Chl.a). But the other parameters were optional, so the
data of these optional parameters were lacking in a few
months.

The water samples on the water surface and at the 1-m
depth were gotten manually with the common cleaned or-
ganic glass samplers, but Eh, dissolved oxygen (DO), and
pH of the samples were measured by putting the probe into
the river. Water samples collected on the water surface and

Table 1 The sampling site and the analysis parameters

Sample site Left Middle Right Parameters

The protected
zone of China
sturgeon

The core
zone

Before the dam S0 111°16′51.7″; 30°45′15.9″

Ziyang River S1 111°16′01.3″; 30°43′29.4″ 111°15′46.1″;
30°43′27.1″

111°15′38.0″;
30°43′56.4″

Total nitrogen

YaoChang S2 111°15′58.3″; 30°42′38.2″ 111°15′43.8″;
30°42′37.1″

111°15′35.0″;
30°42′36.3″

Total phosphorus

Miaozhui S3 111°16′07.3″; 30°42′15.7″ 111°15′55.9″;
30°42′17.1″

111°15′47.6″;
30°42′06.3″

Water temperature

Yuzhen Dock S4 111°17′08.2″; 30°41′19.3″ 111°17′07.7″;
30°41′11.0″

111°17′04.3″;
30°41′02.6″

NH4
+
–N

Yangtze River
Bridge

S5 111°17′36.6″; 30°41′07.6″ 111°17′29.7″;
30°40′55.9″

111°17′21.7″;
30°40′49.0″

NO3
−–N

Yiwang road S6 111°19′41.3″; 30°39′09.4″ 111°19′40.7″;
30°39′09.8″

111°19′43.3″;
30°39′25.9″

NO2
−–N

Yanzhiba S7 111°21′01.7″; 30°37′56.6″ 111°20′35.9″;
30°38′03.0″

111°20′19.7″;
30°38′09.7″

pH

Huyatan S8 111°23′44.6″; 30°34′42.2″ 111°23′20.0″;
30°34′52.3″

111°23′03.2″;
30°34′55.7″

DO

Gulaobei S9 111°24′35.7″; 30°31′49.2″ 111°24′25.7″;
30°31′41.2″

111°24′14.6″;
30°31′34.1″

Chl.a

The buffer
zone

Yidu S10 111°30′41.6″; 30°25′06.3″
Zhichen S11 111°30′45.6″; 30°17′29.7″

Zhijiang S12 111°43′41.8″; 30°25′01.7″

Table 2 The summary of nutrients and the parameters in situ

Mean Standard error of mean Median Maximum Minimum Standard deviation Threshold value of water standard

I II III

TN (mg/L) 1.8171 0.0304 1.6405 3.8929 0.8429 0.5199 ≤0.2 0.5 1.0

TP (mg/L) 0.1813 0.0133 0.1027 1.4497 0.0031 0.2294 ≤0.02 0.1 0.2

Ammonia (mg/L) 0.2415 0.0138 0.1694 1.5288 0.0060 0.2376 ≤0.15 0.5 1.0

Nitrite (mg/L) 0.0210 0.0041 0.0052 0.9954 0.0001 0.0671

Nitrate (mg/L) 1.4149 0.0139 1.4127 1.9460 0.6709 0.2265

DO (mg/L) 8.49 0.09 8.19 12.63 5.60 1.31 ≥7.5 6 5

WT (°C) 18.97 0.46 18.79 26.70 11.80 5.27

pH 7.83 0.03 7.84 8.48 7.10 0.32 6–9

Chl.a (μg/L) 3.5270 0.5539 1.5687 74.8255 0.1777 9.1346
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at the 1-m depth were mixed for analyzing. All the samples
were kept in the portable refrigerator and delivered to the
laboratory. They were stored at 4°C until analyzed. In the
laboratory, the water samples were immediately analyzed to
determine TP, TN, nitrite, nitrate (NO3

−–N), and NH4
+. TP

was analyzed from a persulfate digested of raw water sam-
ple. TN was analyzed from an alkaline persulfate digested of
raw water sample. Nitrate was determined by spectrophoto-
metric method with phenol–disulfonic acid. Ammonia ni-
trogen was determined by Nessler's reagent colorimetric
method. Nitrate was determined by ultraviolet spectropho-
tometric method.

2.3 Statistical analyses

In this study, the environmental variables do not meet the
requirement of homogeneity and follow a normal distribu-
tion. Consequently, Kruskal–Wallis test (K-W test) and
Spearman’s rank correlation coefficient (Spearman's rho)
were used.

K-W test as one-way analysis of variance by ranks is a
nonparametric method for testing whether samples originate
from the same distribution in statistics. In this study, K-W
test was performed to study the spatiotemporal variations by
examining whether factors such as sampling site or sampling

Fig. 2 The distributions of TN, TP, ammonia, nitrite, nitrate, and the parameters in situ (mean±SD) in 12 sites
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Fig. 2 (continued)

Fig. 3 The distributions of TN, TP, ammonia, nitrite, nitrate, and the parameters in situ (mean±SD) during the whole sampling
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date had a significant effect on the observed parameters of
water quality. Spearman's rho is a nonparametric measure of

statistical dependence between two variables. It assesses how
well the relationship between two variables can be described

Fig. 3 (continued)

Table 3 The K-W test results of
the parameters of water quality
using sampling site as factor

K-W test TN TP Ammonia Nitrite Nitrate DO WT pH Chl.a

P value 0.977 0.331 0.992 0.707 0.931 0.928 0.552 0.999 0.935
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using a monotonic function. In this study Spearman's rho was
used to study the relationship between the parameters of water
quality.

Beside the nonparametric method, the multivariate statis-
tical technique such as the cluster analysis (CA) was applied
to the data. CA is an unsupervised pattern recognition tech-
nique. It can uncovers intrinsic structure or underlying be-
havior of a data set without making a priori assumptions
about the data, in order to classify the objects of the system
into categories or clusters based on their nearness or simi-
larity (Vega et al. 1998). In this study, CAwas performed to
identify any analogous behavior among the different sam-
pling sites. The experimental data were firstly standardized
through z-scale transformation so as to avoid misclassifica-
tion due to wide differences in data dimensionality, and then
the hierarchical cluster analysis was carried out on the
standardized data by means of group average method, using
squared Euclidean distances as a measure of nearness. All
statistical analysis including the statistical plots was per-
formed using SPSS 19 software package.

3 Results and discussion

The nutrient parameters including TP, TN, nitrate, nitrite, and
ammonia, and the parameters of DO, water temperature (WT),
and pH in situ over a period of 1 year (2008-2009) at 13 sites
in Yichang of Yangtze River were summarized in Table 2. It
can be seen that the variation ranges of TN and Chl.a were
bigger than TP, ammonia, and nitrite from Table 2. The rank
orders of the different N parameters is nitrate > ammonia >
nitrite. Table 2 shows that TN is mostly nitrate.

According to the environmental quality standards for
surface water (GB3838-2002) in China, the mean concen-
tration of TP meets the requirement of the III water stand-
ards. TN was beyond the III standard. The concentration of
ammonia was between I and II. But ammonia has been
regarded as the most important contamination indicator in
rivers in China all along. pH from 6.88 to 8.48 indicated the
reach in Yichang was weakly alkaline, which is the same
with those rivers/lakes in the midstream and downstream of
Yangtze River in China.

3.1 The spatiotemporal distribution

The visualized spatiotemporal distributions of the parame-
ters of water quality can be readily observed from Figs. 2
and 3. K-W test indicates that there are no significant

differences in the parameters among the 12 sites (Table 3),
but the sampling date has a significant effect on all
parameters including the nutrients and the parameters
in situ (Table 4). Besides, K-W test also shows there
is no significance among on the left riverside, the right
riverside, and the center of the river in the core zone (P≫
0.05), although the urban district mainly concentrated on
the left riverside and there are more intense human
activates. All that revealed that the water in the 70-km
main stem was uniformly mixed from the reservoir to the
downstream from Gezhouba Dam.

After the K-W test showed no significant differences
among the sites, CA was applied to further detect similarity
groups in the sampling sites. The dendrogram in CA is a tree
diagram used to illustrate the arrangement of the clusters. It
can be a good description of the relationship among the data
sets and a very intuitive way of expression. So the similarity
in the sampling sites was expressed using the dendrogram
(Fig. 4). The result shows that the spatial characterization in
11 sites was relatively continuous. S0 in the reservoir
(400 m before the dam) had the similar characterization with
S1 in the downstream from the dam, which indicates that the
discharging process had no effect on the water quality. S2
and S3 were similar. S4–S9 in the core zone belongs to a
cluster. As a whole, S10, S11, and S12 in the buffer zone
had the similar characterization with the sites S1 nearest the
dam and S0 before the dam.

According to Fig. 3, the temporal variation can be seen
obviously. In summary, TN, TP, and nitrite reached the peak

Table 4 The K-W test results of
the parameters of water quality
using sampling date as the factor

K-W test TN TP Ammonia Nitrite Nitrate DO WT pH Chl.a

P value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Fig. 4 The dendrogram plot of cluster analysis
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value in July–August 2009. Chl.a reached the peak value in
May 2009 and a high variability of measure occurred at the
same time, which can be as a result of an obvious seasonal
variation in the biomass of algal. In fact, contrasting Fig. 2
with Fig. 3, it can be seen that the variation of measurement
of all parameters in time was higher than in space. The
apparent difference can suggest more temporal variation,
which corresponds with the result of the K-W test. Due to
lack of the data of WT, DO, and pH in September and
October, this investigation showed that WT was the highest
in July and August, while DO was the lowest. It is reason-
able that DO and WTare affected by the season. Nutrients in
a river mainly come from agricultural and urban areas
including domestic sewage (Nyenje et al. 2010), but the
concentrations of nutrients not only were controlled by the
discharge of pollutions but also affected by the flow in the
river(Hilton et al. 2006; Smith et al. 1999).

3.2 The analysis of correlation

Spearman’s rho was used to study the relationship between
the parameters of water quality (Table 5). According to
Table 5, TN is strongly correlated to nitrate and moderate
to TP. The strong correlation between TN and nitrate is
accorded with the fact that TN consisted of nitrate. TP is
weakly correlated to Chl.a. WT has the strongest ranking
correlation with ammonia, nitrite, and DO, but it has a
moderate ranking correlation with TP and pH. pH is strong-
ly positively correlated to ammonia and Chl.a, and moderate
to nitrite and DO. In general, the decomposition of riverine
dissolved organic matter is the main process that controls
the oxygen concentrations (Rixen et al. 2010). So DO is
negatively correlated to ammonia and nitrite with the stronger
reducibility. Many factors have an effect on DO, but DO
which is weak positively correlated to Chl.a can indicate that
DO was affected by plankton represented by Chl.a to a certain
extent. At the same time, Chl.a is positively correlated to pH.

In fact, the rise of DO and pH is as a result of photosynthesis.
WT is the most objective parameter, which is almost not
affected by human activity and organism in the river. TN
and TP were significantly correlated to WT, which maybe in
the warm weather, and human activity increase. This apparent
relationship of nutrients and Chl.a with WT might suggest a
somewhat predictable temporal variation, i.e., more nutrients
and Chl.a are present in warmer temperatures and possibly
more sources.

3.3 The effect of the discharge from Gezhouba Dam
on the water quality

In this study, the data of water level (unit, meters) and flow
derived from the Yichang hydrological station. The station
is located between S3 and S4. The variations of water level
and flow are presented in Fig. 5. In order to study the
relationship between the water level and the parameters,
the data in S3 and S4 site were analyzed combined with
the data of water level and flow, respectively. The flow and

Table 5 Spearman’s rho between the parameters of water quality

Spearman's rho TN TP Ammonia Nitrite Nitrate DO WT pH Chl.a

TN 1.000 0.423a –0.102 0.191a 0.549a –0.059 0.408a 0.054 0.071

TP 0.423a 1.000 –0.185a 0.452a –0.142b –0.195a 0.513a –0.197b 0.293a

Ammonia –0.102 –0.185a 1.000 0.395a –0.070 –0.409a 0.713a 0.654a –0.128b

Nitrite 0.191a 0.452a 0.395a 1.000 –0.120 –0.578a 0.784a 0.504a 0.301a

Nitrate 0.549a –0.142b –0.070 –0.120 1.000 0.291a –0.198b 0.102 –0.030

DO –0.059 –0.195a –0.409a –0.578a 0.291a 1.000 –0.667a –0.209b 0.257a

WT 0.408a 0.513a 0.713a 0.784a –0.198b –0.667a 1.000 0.500a 0.063

pH 0.054 –0.197b 0.654a 0.504a 0.102 –0.209b 0.500a 1.000 0.552a

Chl.a 0.071 0.293a –0.128b 0.301a –0.030 0.257a 0.063 0.552a 1.000

a Correlation is significant at the 0.01 level (two tailed)
b Correlation is significant at the 0.05 level (two tailed)

Fig. 5 The temporal variation of TP, Chl.a and water level (TP was
amplified to 100 times to be clearly presented in the plot)
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the water level have a high degree of linear correlation
(Pearson's correlation00.996, P<0.01), so the water level
was chosen to study the relationship between the hydrolog-
ical parameters and the water quality parameters.

Spearman’s rho showed that the water level was strongly
positively correlated to TP and nitrite, and moderately to
Chl.a (Table 6). The variations of TP, Chl.a, and water level
were presented in Fig. 5.

From Table 6 and Fig. 5, it can be seen that the water
level was strong positively correlated to TP and nitrite and
moderate to Chl.a. The correlation can show that water level
had an effect on the trophic in the river. According to Fig. 5,
while the water level reached the maximum in August 2008,
the maximum TP appeared simultaneously. With the dis-
charge flow increasing from the Gezhouba Dam, the water
level went up gradually. Although the rising of TP can be a
result of the discharge with the high concentration of phospho-
rus from the dam, the data showed that TP as well as other
nutrients in the S0 site had no significant difference compared
with it in the sites from the downstream of the Gezhouba Dam.
In the period of the discharge, it can be seen that the water in
the whole core zone turned turbid by the agitation of the
discharge. Nearer the dam, the water turned more turbid. It is
speculated that more phosphorus was derived from the resus-
pended process (Hu et al. 2009). In fact, there was a phenom-
enon that the maximum of Chl.a appeared ahead of TP and the
water level. It is speculated that plankton is difficult to be
observed in the turbid water or it can be rushed to the down-
stream under the condition of high velocity of flow.

3.4 N:P ratio

Table 2 has showed that TN was beyond the III standard of
water quality in the main stem, while TP was acceptable.

However in China, eutrophication resulting from excessive
nutrients loading in which phosphorus is the most important
nutrient has become one of the important environmental
problems. In this study, the trophic status in the section
investigated will be further discussed.

In the study of eutrophication, phosphorus is regarded as
the mainly limiting factor in the lake eutrophication, and
decreasing inputs of phosphorus is critical to reduce eutro-
phication (Schindler et al. 2008). N:P ratio in the water body
is often used to define eutrophic conditions. For example,
algal community structure responded strongly to both N:P
ratio and total nutrient concentration (Stelzer and Lamberti
2001), and the critical N:P ratios have been successfully
used to establish the nature of nutrient limitation in aquatic
and agricultural ecosystems (Koerselman and Meuleman
1996).

K-W test was again used to determine the effect of the
sampling sites and the sampling date on N:P ratio. At the
same time, Spearman’s rho between N:P ratio and TN, TP,
and Chl.a in the whole river (all sites) and S3 and S4 were
calculated separately (Table 7). The results showed that
there were no significant differences of N:P ratio among
the different sites (P00.661), while the sampling date had a
significant effect on N:P ratio (P<0.01). From Table 7, there
is a very strong negative correlation between N:P ratio and
TP, but it is weakly negatively correlated to Chl.a and TN.

Moreover, the temporal variation of N:P is present in
Fig. 6. It can be seen that the N:P ratio gradually decreased
from April to August and in August went to the minimum
value (Fig. 6), which can mean the occurrence of eutrophi-
cation processes and blooms (Quirós 2002; Schindler 1977).
The contribution of cyanobacteria is relatively high in low
N:P ratio waters (Smith 1983; Bianchi et al. 2000; Kim et al.
2010). Although no bloom was observed even if the water

Table 6 Spearman’s rho between the water level and the parameters of water quality

Spearman's rho TN TP Ammonia Nitrite Nitrate DO WT pH Chl.a

Water level S3 0.362 0.572a 0.158 0.562a –0.212 –0.224 0.392 –0.186 0.418b

S4 0.308 0.634a 0.111 0.654a –0.155 –0.004 0.389 –0.131 0.401b

a Correlation is significant at the 0.01 level (two tailed)
b Correlation is significant at the 0.05 level (two tailed)

Table 7 Spearman’s rho between the N:P ratio and TP, TN, Chl.a, and water level

Spearman's rho TP TN Chl.a TP TN Chl.a Water level

N:P ratio In the whole river section –0.919a –0.123b –0.254a S3 –0.774a –0.022 –0.211 –0.381b

S4 –0.912a –0.180 –0.335 –0.496a

a Correlation is significant at the 0.01 level (two tailed)
b Correlation is significant at the 0.05 level (two tailed)
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had turned green with naked eyes during the sampling and
the occurrence of algae blooms has been not reported be-
fore, the increasing of TP and the decrease of N:P ratio show
that the tendency of bloom must be relatively obvious.

According to the discussion, TP and the water level were
closely related. There is a moderate negative correlation be-
tween N:P ratio and the water level (Table 7). So it is specu-
lated that the increasing of TP and the decrease of N:P ratio
both were as a result of the lift of the water level. The
discharge can help to the occurrence of algae bloom or cya-
nobacteria bloom. In fact, Chl.a had begun to rise in the
period. The occurrence of algae bloom is restricted by more
conditions in river (Hilton et al. 2006). While the water level
provided more phosphorus and suitable N:P ratio, the more
intensive agitation by the higher velocity of discharge can
make the green of algae invisible in water or be rushed to
the downstream and thus suppress the occurrence of algae
bloom. As mentioned previously, the maximum of Chl.a
appeared ahead of TP and the water level in the period.

4 Conclusion

The detailed discussion was carried on about the water
quality in the 70-km main stem river downstream from
Gezhouba Dam. Some conclusive recognition could be
summarized.

The water quality had no difference in the main stem
investigated, and in fact, no difference was found between
the reservoir (S0) and the sites downstream from Gezhouba
Dam. However, the sampling date had a significant effect on
the water quality parameters. The change of water quality
should be closely related to the discharge of Gezhouba Dam.
The construction of Gezhouba Dam ended in 1988. Now
Gezhouba Dam does not carry out the independent reservoir

regulation due to the construction of the Three Georges
Dam, the site of which is 60 km upstream from the
Gezhouba Dam. So the temporal variation of water quality
was ultimately affected by the regulation of the Three
Gorges reservoir.

In the investigation, the water quality parameters except
TN in the river stem investigated is lower than the III stand-
ards using the single-factor evaluation on the basis of the
water quality (GB3838-2002) in China. But TP concentra-
tion began to increase in the downstream from the
Gezhouba Dam with the rising of the water level and flow
derived from the discharge of the Gezhouba Dam. The
increase of TP was as result of the resuspended process by
the scour and agitation of the discharge, instead of the input
directly from the discharge water. With the rise of water
level, the N:P ratio decreased gradually. The decrease of the
N:P ratio and the increase of TP will help to the occurrence
of eutrophication, and the river section can be in the process
of eutrophication in the period, according to the fact that the
concentration of Chl.a began to rise in the same period.
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