
Page 1/26

Effect of Salinity Change Resulting From Ballast Water
Discharge on the Recipient Freshwater Eco-System –
Inputs to Scienti�c Ballast Water Management of
Inland Ports
Min Yang 

Shanghai Ocean University
Qiong Wang 

Shanghai Ocean University
Wenjun Wu 

Shanghai Ocean University
Xinyan Cheng 

Yangshan Port Maritime Safety Administration
Huixian Wu  (  hxwu@shou.edu.cn )

Shanghai Ocean University

Research Article

Keywords: ballast water discharge, salinity change, freshwater ecosystem, plankton communities

Posted Date: March 16th, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1444490/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full
License

https://doi.org/10.21203/rs.3.rs-1444490/v1
mailto:hxwu@shou.edu.cn
https://doi.org/10.21203/rs.3.rs-1444490/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/26

Abstract
In nowadays, world trade and cargo transportation mainly rely on shipping, and inland ports provide valuable
and essential services to the maritime transport. With the increase of trade volume, the discharge of ballast
water from ships is also increasing, which brings in ecological challenges. The International Maritime
Organization stipulates that the number of organisms in discharged ballast water should be limited to prevent
biological invasion to recipient waters. However, ballast water still contains many substances of source water,
and may affect the plankton community in the recipient waters. In this study, the effects of ballast water on
nature freshwater plankton community were evaluated at laboratory scale. It was observed that the abundance
and diversity of planktons decreased with increase of water salinity. Through 10 days of continuous
monitoring, it was found that ≥ 50 µm organisms were more sensitive to rising salinity than 10–50 um
organisms, when water salinity was not over 3.6‰, there was no signi�cant difference on ≥ 50 µm organisms
quantity and diversity compared with the freshwater control group after 10 days, and the biota maintained
certain recovery ability, while 10–50 um organisms had recovery ability when water salinity was not over
6.5‰. However, when the water salinity was over 6.5‰, both species composition and organism density
showed irreversible and rapid reduction. In addition, organism species Platyias sp., Polyarthra sp., Tribonema
sp., Navicula sp. were found to be very sensitive to salinity change and could be considered as indicative
organisms for monitoring and evaluating ecological effect of discharge of saline ballast water. This is of great
signi�cance for the scienti�c management of ballast water discharge in fresh waters in the future.

Highlights
The change of salinity in inland port water is an important indicator to re�ect the impact of international
ships' discharge of ballast water on the port's ecological environment.

≥ 50 µm organisms in inland port waters are more sensitive to the changes in salinity from ships' ballast
water discharge than 10–50 µm organisms.

When the salinity change of inland port waters caused by ship ballast water discharge exceeds 6.5‰, the
abundance and diversity of plankton communities will decrease irreversibly.

Platyias sp., Polyarthra sp., Tribonema sp. and Navicula sp. in inland port water could be considered as
indicative organisms of signi�cant salinity variation.

1 Introduction
Shipping accounts for more than 90% of global cargo transportation in nowadays. Ballast water is utilized to
maintain vessels’ hull balance, control the trim, stability and stresses when vessels sail without cargo (Rigby et
al., 1999), it is estimated that approximately 10 billion tons of ballast water are transferred globally through
oceangoing vessels each year (Romanelli et al., 2019). Ballast water is normally collected from the departure
ports or the passing coastal waters (Sáenz Alcántara et al., 2018), and may contain many planktons,
pathogens like Vibrio (Altug et al., 2012;Ng et al., 2018), heavy metal (RezaTolian et al.,2020), microplastic
(Naik et al., 2019) as well as other substances, therefore, discharge of ballast water from ships can evoke
multiple ecological risks to the receiving environment (Dock et al., 2019). The International Maritime
Organization (IMO) is aiming at eliminating or reducing dangerous invasive organisms or species transmitted
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through ballast water discharge. IMO requires treatment of ballast water by a ballast water management
system before discharge to meet the D-2 standard (IMO, 2008a). Alternatively, the vessels can perform ballast
water exchange (BWE) to exchange coastal ballast water in open sea of 200 nautical miles from the coast
before the ballast water is allowed to be discharged in arriving ports (Bailey, 2015). The organisms carried in
coastal ballast water will normally not be able to survive while being discharged into saline water. BWE reduces
the risk of spreading non-indigenous species, particularly between freshwater regions (Gray et al., 2007;
Santagata et al., 2008 ). However, the ballast water treatment technologies are not aiming at removing all
harmful pollutants from or changing the water quality of discharged ballast water. The potential impacts to the
local eco-system arisen from other characteristics other than non-indigenous organisms are to be investigated.

Nowadays, inland ports provide many economically valuable services and long-term bene�ts to the society.
The inland ports are mostly freshwater ports, their eco-systems, such as Yangtze river eco-system, is one of the
most valuable ecosystems on Earth (Hilt et al., 2017). In the recent years, freshwater ecosystems are severely
altered or destroyed at a faster rate than ever in human history (WWF, 2020), they are exposed to a variety of
chemical, biological and anthropogenic stressors (Jenny et al., 2020), such as the construction of an estuarine
dam, discharge of industrial and urban sewage, aquaculture, discharge of ships’ ballast water from all over the
world, etc. Such changes are threatening biodiversity by increasing extinction rates and population declines
(Barbosa et al., 2020). A recent study found that discharged ballast water greatly affected the salinity in
recipient water area, in this study, the aged ballast water samples were translocated into water samples
collected from the estuarine mouth, and the change in salinity was found to be detrimental to coastal species
(Kuch et al., 2020). Previous studies also assessed that intruded seawater changed the nutrient concentrations
and phytoplankton community in recipient water, and may further in�uence the growth of zooplankton through
the trophical cascade (Yang and Tan, 2019). Abiotic factors may in�uence the survival and abundance of
plankton and temporarily inhabit water bodies, salinity is a import one (Cruz et al., 2020;Cañedo-Argüelles et al.,
2018). In many studies, most of the ballast water samples collected from various ports have a salinity
exceeding 30‰, which is high-salt seawater(Oscar et al., 2021;Nor et al.,2021;Wang et al., 2020). This indicates
a great impact on recipient water salinity by discharged ballast water, and therefore, the potential harm on
freshwater ecosystem by discharged ballast water cannot be ignored.

As producers and consumers in the food web, planktons are important in the maintenance of the ecological
balance and the service values in water ecosystems (Nogrady et al., 1993) They play a vital role in the
ecological processes such as food chain, material transformation, energy �ow, and information transmission
(Park et al., 2007), its species distribution, community structure and biodiversity are associated with the water
environment (Wu et al., 2008). Based on these connections, patterns like plankton richness and community
composition can provide a sign on the vulnerability of speci�c inland ports or even the estuarine services and
functions. These information provide guidance for decision-making to control the associated eco-system stress
(Gomes and Bernardino, 2020). However, currently there are few studies on the impact of ballast water
discharge on freshwater organisms. This study is to investigate the in�uence of saline ballast water on
freshwater eco-system, and trace the consequent changes in composition and quantity of plankton
communities. The study aims to enhance understanding about potential hazards from ballast water discharge
hazards and serve for improved ballast water management strategy.

2 Materials And Methods
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2.1 Experimental set-up
In this study, experiments on effect of saline water on nature freshwater plankton community were carried out,
as outlined in Fig. 1. The saline water was prepared by adding sea salt to the tap water to reach a salinity of
30‰. This saline water was continuously monitored over 10 days to ensure that there were no plankton
organisms in the saline water. This step was intended for simulating discharge of treated ballast water meeting
the D-2 standard. The freshwater, as recipient water samples, was taken from the freshwater streams �owing
into the DiShui Lake in Shanghai.

The prepared saline water was then translocated into the collected freshwater samples with different volume
ratios, i.e. 0%, 5%, 10%, 20%, 40% and 80%, which represented different saline water salinities. In total six
groups of samples were numbered as a0, a1, a2, a3, a4 and a5, with a0 as the blank control group. Each group
was set three parallel samples, and the total volume of each group was 100 L. After translocation and well
mixing of two water samples, daily measurements on phytoplankton and zooplankton in each group were
carried out continuously for 10 days at the same time every day. The living plankton organisms were identi�ed
immediately after sampling.

2.2 Sample collection and analysis
Living organisms of size class ≥ 10–50 µm in minimum dimension (incl. phytoplankton and heterotrophic
protists) were counted and analyzed using vital stains. A cell was recorded as living if it could be stained by
FDA/CMFDA stains or exhibited movement. At the same time every day, the samples were stirred and mixed,
then 10 ml water samples were randomly collected for ≥ 10–50 µm organisms analysis. After shaking and
mixing again, each time randomly take 1ml for species identi�cation and quantitative analysis.Repeated
analysis for 6 times. Living organisms were stained with FDA/CMFDA stains in dark condition for 10 min
(ETV,2010). Samples were analyzed counted for ≥ 10–50 µm organisms with green �uorescence under
excitation of 465–495 nm. The heterotrophic protists were identi�ed only at phylum level.

For living organisms of size class > 50 µm in minimum dimension (incl. zooplankton and protists), 5 L water
samples were collected and then concentrated to 1L with plankton net for analysis, the diagonal mesh size of
the plankton net was 50 µm, repeated for 3 times.Whole volume analysis was performed for > 50 µm organism
counting, i.e. all organisms in the concentrated 1 L sample were identi�ed and enumerated with a anatomical
microscope. Samples were �lled in a 5 m L bogorov serpentine counting chambers for counting, all direct
counts were done using counting chambers placed under a stereoscopic microscope at the magni�cation
ranging from 10x to 80x. A organism was considered dead if no visible movement was observed during an
observation time of at least ten seconds, the unmoving organisms were then gently touched with the point of a
dissecting needle or probe to elicit movement, before it was recorded as dead.

Abiotic parameters were measured in situ using a multi-parameter water quality meter (WTW). In situ
measurements of abiotic parameters included temperature (T), dissolved oxygen (DO), pH, and salinity(S).

2.3 Statistical analyses
All data processing and plotting were conducted by using Excel, R and GraphPad Prism 5.0. Alpha diversity
analysis was performed with the R vegan package. The principal component analysis (PCA) was performed



Page 5/26

with R. Signi�cant differences were established at a 95% con�dence interval (p < 0.05). The inhibition,
calculated every day, was de�ned as percentage of organism density in each group (a1 – a5) relative to the
control group (a0) at each day. Environmental conditions, total density of plankton organisms, mortality and
alpha diversity were compared among the different mixed water groups using a one-way ANOVA by Prism.
(Dag et al., 2018). The signi�cance level was set to 0.05.

3 Results

3.1 Environmental variables
After mixing of saline water into the freshwater samples, there were no signi�cant changes on temperature (T),
pH, salinity (S) and dissolved oxygen (DO) in all groups during 10 days (P > 0.05). Meanwhile, there were no
signi�cant differences of T, DO and pH among sample groups (P > 0.05), the temperature range was 4.1 ~ 
6.7°C, pH was 7.5 ~ 7.9 and DO was 10.7 ~ 13.1 mg/l. However, the salinity was signi�cantly different among
sample groups (P < 0.05), salinity was higher in sample groups with higher volume ratio of saline water. After
mixing the saline water into the freshwater samples, the salinity increased from initial salinity of 0.4‰ (a0) to
about 2.1‰ (a1) and to highest about 24.8‰ (a5). It was considered that the in�uence on plankton
community of freshwater ecosystems, which was analyzed in this study, may be caused by salinity change.
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Table 2
Development of abiotic parameters of the six sample groups during 10 days period

  Temperature (℃) Salinity (‰)

  a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

day 1 6.7 6.4 6.6 6.0 5.3 4.1 0.4 2.1 3.6 6.5 12.2 24.7

day 2 4.1 4.1 4.3 4.9 4.6 4.3 0.5 2.1 3.6 6.5 12.2 24.7

day 3 4.2 4.4 4.7 5.1 4.9 4.7 0.4 2.1 3.6 6.5 12.2 24.7

day 4 4.8 5.2 5.8 5.7 5.6 5.5 0.4 2.1 3.6 6.5 12.2 24.7

day 5 5.9 6.1 6.2 6.8 6.8 6.7 0.4 2.1 3.6 6.5 12.2 24.7

day 6 6.2 6.4 6.4 7.0 6.9 7.0 0.4 2.1 3.6 6.5 12.2 24.7

day 7 7.4 7.6 7.6 8.2 8.0 7.9 0.4 2.1 3.6 6.5 12.2 24.8

day 8 8.1 8.4 8.4 8.8 8.7 8.5 0.4 2.1 3.6 6.5 12.2 24.8

day 9 9.8 10.1 10.0 10.6 10.6 10.6 0.5 2.1 3.6 6.6 12.3 24.8

day 10 9.8 9.9 9.7 9.8 9.8 9.6 0.5 2.1 3.6 6.6 12.3 24.8

Average 
± SD

6.7 
± 
2.1

6.9 
± 
2.1

7.0 
± 
2.0

7.3 
± 
2.0

7.1 
± 
2.1

6.9 
± 
2.3

0.4 ± 
0.1

2.1 ± 
0.0

3.6 ± 
0.0

6.5 ± 
0.1

12.2 
± 0.0

24.8 
± 0.1

  pH Dissolved oxygen (mg/l)

  a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

day 1 7.9 7.5 7.6 7.6 7.7 7.7 10.7 11.0 10.9 11.5 11.7 13.1

day 2 7.7 7.9 7.8 8.0 8.0 7.9 12.0 12.1 12.1 11.8 11.9 12.9

day 3 8.1 8.0 8.1 8.0 8.0 8.0 12.0 12.5 11.4 12.1 12.1 12.7

day 4 8.0 8.0 8.1 8.0 8.0 8.0 11.7 11.5 11.8 11.9 12.1 12.6

day 5 8.3 8.3 8.2 8.2 8.2 8.2 11.9 11.4 11.2 11.8 12.1 12.5

day 6 8.1 8.1 8.1 8.0 8.0 8.1 11.5 11.3 11.3 11.9 11.9 12.1

day 7 8.0 8.0 8.0 8.2 8.2 8.2 11.5 11.2 11.0 11.4 11.6 11.8

day 8 7.9 8.1 8.0 8.1 8.1 8.1 11.0 11.1 10.9 11.2 11.4 11.7

day 9 8.3 8.3 8.3 8.1 8.1 8.3 10.5 10.8 10.6 10.9 11.0 11.1

day 10 8.3 8.3 8.3 8.4 8.4 8.4 10.5 11.2 11.0 10.9 11.0 11.0

Average 
± SD

8.0 
± 
0.2

8.0 
± 
0.2

8.1 
± 
0.2

8.1 
± 
0.2

8.1 
± 
0.2

8.1 
± 
0.2

11.3 
± 0.6

11.4 
± 0.5

11.2 
± 0.5

11.5 
± 0.4

11.7 
± 0.4

12.2 
± 0.7
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Community composition, organism density and inhibition rate, and biological diversity in the sample groups
were analyzed and studied in the following chapters. The inhibition rate was de�ned as the ratio of reduced
organism density in each group relative to the remaining biomass in the control group, inhibition rate was
calculated each day for each group.

3.2 Effect of salinity change on organisms of size class ≥ 10–
50 µm

3.2.1 Community composition
As shown in Fig. 1, during the 10 days of continuous monitoring, there were no signi�cant changes recorded on
the species composition of the control group a0. Changes on few certain species were observed, at phylum
level, Cryptophyta decreased by 13.84% and Chlorophyta increased by 10.59%; at genus level, Cryptomonas sp.
decreased by 16.04%, while the other phytoplankton species increased to varying degrees, among which
Chlamydomonas sp. increased the most (5.72%). For group a1 ~ a4 (S = 2.1‰~12.2‰), the development of
species composition during the 10 days was similar to group a0, that at the phylum level Cryptophyta
decreased but Chlorophyta increased. For group a5 (S = 24.7‰), all 10–50 um organisms died out on day 8.

On day 1, the species composition and relative abundance in low salinity groups a1 and a2 (up to 3.6‰) had
no signi�cant change compared to the control group (Fig. 1). When salinity increased to 6.5‰ (group a3), the
relative abundance of Tribonema sp. decreased signi�cantly from 4.02–0.06%, though it recovered from day 7
to 4.77%. It was observed during the 10 days period that, when the salinity was 6.5‰, the biological
communities in the receiving waters maintained their ability to recover from the impacts of salinity change.
When salinity increased to 12.2‰ (a4) and 24.7‰ (a5), the Tribonema sp. and Navicula sp. all died and did
not recover in the following days. In group a5 with salinity of 24.7‰, all organisms died on day 8,
Chlamydomonas sp. in Chlorophyta had the longest survival time of 7 days under this high salinity condition.

The PCA grouped the different sample groups and explained 95.74% by the �rst two axes. The species
composition of a3, a4 and a5 (S ≥ 6.5‰) were signi�cantly different from that of a0 (P < 0.05), as shown in
Fig. 2. As a proof, it could be seen from day 7, the species composition of groups a1 ~ a3 were similar to that
of the control group a0. The most sensitive organisms to salinity change were found to be Tribonema sp.,
Navicula sp. and Protozoa, while Chlamydomonas sp. had the strongest tolerance to salinity change(Fig. 1).

3.2.2 Total organism density and inhibition rate
During the 10 days of continuous monitoring, the development of the 10–50 um organism density of a1, a2
and a3 were similar to that of the control group a0. The total organism density in these groups decreased �rst,
then increased before it decreased eventually. The lowest density was observed on day 3 and the highest
density on day 7.

Through one-way ANOVA analysis, no signi�cant difference on the organism density was found between a1
and a0 during the 10 days period, however, for sample groups with salinity over 3.6‰ (a2 ~ a5), the organism
density were signi�cantly lower than that of a0. On day 1 after water mixing, the total organism density of 10–
50 um organisms in group a1 ~ a5 decreased by 13.56%, 26.48%, 48.82%, 75.61% and 95.64% compared to



Page 8/26

group a0, respectively(Fig. 3b). After 10 days, the total organism density in group a1, a2, a3,a4 and a5
decreased by 15.72%,53.85%,74.90%, 96.62% and 100.00%, respectively, compared to group a0.

For the sample groups with salinity change not over 6.5‰ (a1 ~ a3), their ecosystem seemed to possess
certain recovery ability, the inhibition rate in a1 ~ a3 decreased from during day 3 to day 7. Although the
inhibition rate gradually increased in the following days, it did not exceed 90% at the end. However, for groups
with salinity change over 12.2‰ (a4 and a5), both species composition and organism density showed
irreversible and rapid reduction. The organism density in group a5 decreased continuously during the study
period and reached 100% mortality on day 8.

3.2.3 Biological diversity
The diversity index of each group were observed decreasing at �rst and then increasing during the 10 days
period, except that the index for a5 showed no obvious change during the �rst 6 days and turned to be 0 on day
7 (Table 3). However, the evenness index and richness index showed no obvious changes in all groups during
10 days period (Fig. 4).
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Table 3
Diversity index of ≥ 10–50 µm organisms of each group during 10 days period

  Shannon index Pielou index

Days a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

1 1.52 1.48 1.48 1.32 1.09 1.10 0.78 0.76 0.83 0.73 0.79 0.80

2 1.51 1.41 1.33 1.16 1.08 0.86 0.77 0.79 0.74 0.65 0.78 0.62

3 1.47 1.35 1.19 1.07 1.21 1.22 0.76 0.75 0.67 0.66 0.88 0.88

4 1.48 1.33 1.26 1.08 1.33 1.22 0.76 0.68 0.70 0.78 0.96 0.88

5 1.50 1.50 1.30 1.06 1.14 1.38 0.77 0.77 0.72 0.76 0.83 1.00

6 1.55 1.58 1.38 1.06 1.29 1.08 0.80 0.88 0.77 0.76 0.93 0.98

7 1.61 1.63 1.58 1.46 1.35 0.00 0.83 0.84 0.81 0.75 0.98 0.00

8 1.63 1.63 1.50 1.63 1.37 0.00 0.84 0.84 0.77 0.91 0.99 0.00

9 1.64 1.64 1.55 1.60 1.38 0.00 0.84 0.84 0.80 0.89 1.00 0.00

10 1.66 1.67 1.55 1.57 1.30 0.00 0.85 0.86 0.80 0.88 0.94 0.00

Average 
± SD

1.56 
± 
0.07

1.52 
± 
0.13

1.41 
± 
0.14

1.30 
± 
0.24

1.26 
± 
0.12

0.69 
± 
0.61

0.80 
± 
0.04

0.80 
± 
0.06

0.76 
± 
0.05

0.78 
± 
0.09

0.91 
± 
0.08

0.52 
± 
0.46

  Simpson index Margalef index

Days a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

1 0.26 0.27 0.27 0.32 0.38 0.36 0.85 0.87 0.74 0.78 0.53 0.76

2 0.26 0.30 0.33 0.37 0.40 0.48 0.86 0.73 0.76 0.82 0.55 0.87

3 0.27 0.32 0.36 0.39 0.33 0.31 0.87 0.75 0.80 0.69 0.61 0.81

4 0.28 0.33 0.35 0.39 0.28 0.31 0.87 0.90 0.78 0.50 0.59 0.73

5 0.26 0.26 0.34 0.41 0.36 0.24 0.85 0.85 0.77 0.49 0.59 0.69

6 0.24 0.23 0.32 0.40 0.29 0.24 0.84 0.70 0.74 0.50 0.63 1.02

7 0.23 0.22 0.24 0.28 0.26 0.00 0.82 0.80 0.84 0.93 0.70 0.00

8 0.22 0.21 0.26 0.22 0.25 0.00 0.82 0.84 0.91 0.81 0.69 0.00

9 0.22 0.21 0.25 0.23 0.24 0.00 0.81 0.84 0.91 0.83 0.72 0.00

10 0.21 0.21 0.24 0.25 0.27 0.00 0.81 0.83 0.90 0.83 0.75 0.00

Average 
± SD

0.25 
± 
0.03

0.26 
± 
0.05

0.30 
± 
0.05

0.33 
± 
0.08

0.30 
± 
0.06

0.19 
± 
0.18

0.84 
± 
0.02

0.81 
± 
0.06

0.82 
± 
0.07

0.72 
± 
0.16

0.64 
± 
0.08

0.49 
± 
0.43
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It was observed from the Table 3 that, the average biological diversity became less with higher water salinity.
For diversity index, the highest average value was 1.56 (a0) and the lowest was 0.69 (a5). For evenness index,
the highest average value was 0.91 (a4) and the lowest was 0.52 (a5). For abundance, the highest average
value was 0.84 (a0) and the lowest was 0.49 (a5). Through one-way ANOVA analysis, it was found that only a5
and a0 were signi�cantly different on the diversity index, evenness index, and richness index (P < 0.05), as
shown in Fig. 4.

3.3 Effect of salinity change on organisms of size class ≥ 50
µm

3.3.1 Community composition
As shown in Fig. 5, during the 10 days of continuous monitoring, there were signi�cant changes recorded on
the species composition of the control group a0. At class level, Crustacea Branchiopoda was observed only on
day 1 (0.50%), and Sarcodina was observed on day 2 (5.65%). After 10 days, Rotifera and Sarcodina increased
while other species decreased; The development of species composition in a1 and a2 were similar to that of
a0. The existence of Crustacea Branchiopoda was observed only on day 1, and the dominant specie was
always Rotifera. However, the development in a3, a4 and a5 were different from that of a0. After 10 days, the
dominant species in a3 were Ciliata and Sarcodina, while no organisms in a4 and a5 survived.

At class level, when salinity increased over 6.5‰ (a3 ~ a5), the relative abundance of Crustacea Copepoda and
Crustacea Branchiopoda were signi�cantly different from a0 (Fig. 5a). On day 1 the relative abundance of
Crustacea Copepoda in a3 was 11.41%, which was much higher than that of a0 (2.31%); the relative
abundance of Crustacea Branchiopoda in a3 and a4 were 3.36% and 4.35%, respectively, both higher than that
of a0 (0.50%); all organisms in a5 died on day 1. After 10 days, Ciliata and Sarcodina were the species found in
a3 and no living organisms were found in a4 and a5; mainly Rotifera was found in a0 (97.92%).

At genus level, when salinity increased to 3.6‰ (a2 ~ a4 ), the relative abundance of Polyarthra sp. decreased
signi�cantly on day 1, only 4.69% in a3 and no detection in a4 and a5. Platyias sp. was only found in a0 and
a1 with relative abundance of 3.13% and 1.02%, respectively. When salinity increased to 24.7‰ (a5), all
organisms died on day 1 and did not recover in the following days.

PCA grouped different sample groups and explained 71.46% with the �rst two axes. The species composition
of a3, a4 and a5 (S ≥ 6.5‰) were signi�cantly different from that of a0 (P < 0.05), as shown in Fig. 6. The
species composition of groups a1 and a2 were similar to that of the control group a0(Fig. 5b). The most
sensitive organisms to salinity change were found to be Platyias sp., while Synchaeta sp., Tintinnidiumn sp.
and Arcella sp. were more tolerant to salinity change. After 10 days, no organisms were found in a4, only
Tintinnidiumn sp. and Arcella sp. were found in a3, while the dominant specie in a0 was Synchaeta sp.,
accounting for 61.63%.

3.3.2 Total organism density and inhibition rate
During the 10 days of continuous monitoring, the development of ≥ 50 µm organism density of a1 and a2 were
similar to that of the control group a0. The total organism density in these groups decreased �rst, then
increased to their peak values on day 5–6 before they dropped again. Through one-way ANOVA analysis, no
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signi�cant difference on the organism density was found between a1 and a0 during the 10 days period,
however, for sample groups with salinity over 3.6‰ (a2 ~ a5), the organism density were signi�cantly lower
than that of a0 which was similar to the results for 10–50 um organism density. Different from 10–50 um
organisms, when the salinity exceeded 6.5‰, i.e. group a3 ~ a5, no signi�cant changes with the salinity
increase were observed in these groups.

On day 1 after water mixing, the total organism density of ≥ 50 um organisms in group a1 ~ a5 decreased by
18.98%, 36.77%, 75.39%, 96.20% and 100.00% compared to group a0, respectively, the density reduction in
each group was more than the density reduction of 10–50 um organisms. After 10 days, the total organism
density decreased by 72.26% in group a1 and over 99.83% in group a3 ~ a5, compared to group a0.

For the sample groups with salinity change not over 3.6‰ (a1,a2), their ecosystem seemed to possess certain
recovery ability, the inhibition rate in a1and a2 showed a decreasing trend after the �rst day/few days of
inhibition increase. This was similar to 10–50 um organisms but lower recovery ability was observed for ≥ 50
um organisms. The inhibition rate kept increasing after day 8, reaching 98.92% and 99.83% for a2 and a3 on
day 10, respectively. For groups with salinity change over 12.2‰ (a4 and a5), both species composition and
organism density showed irreversible and rapid reduction. The organism density in group a4 decreased
continuously during the study period and reached 100% mortality on day 6, while in group a5 the inhibition
rate/mortality reached 100% on day 1.

3.3.3 Biological diversity
The diversity index of each group were monitored during 10 days period and summarized in Table 4. The index
for a4 turned to be 0 on day 6, and the index for a5 reached 0 on day 1. For the other groups, no obvious
changes were observed on the evenness index and richness index, as shown in Fig. 8.
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Table 4
Diversity index of ≥ 50 µm organisms of each group during 10 days period

  Shannon index Pielou index

Days a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

1 1.56 1.47 1.29 1.12 1.24 0.00 0.63 0.61 0.62 0.51 0.69 0.00

2 1.27 1.00 1.40 0.68 0.33 0.00 0.61 0.46 0.67 0.35 0.47 0.00

3 1.33 1.37 0.98 0.65 1.01 0.00 0.58 0.59 0.47 0.40 0.92 0.00

4 1.29 1.36 1.31 0.38 0.78 0.00 0.56 0.59 0.60 0.28 0.48 0.00

5 1.26 1.03 1.06 0.69 0.74 0.00 0.55 0.45 0.54 0.36 0.67 0.00

6 1.16 1.27 0.86 0.56 0.00 0.00 0.53 0.61 0.48 0.81 0.00 0.00

7 1.27 1.04 0.94 0.65 0.00 0.00 0.58 0.65 0.52 0.59 0.00 0.00

8 1.40 1.20 0.86 1.08 0.00 0.00 0.64 0.58 0.41 0.67 0.00 0.00

9 1.36 0.91 1.01 0.46 0.00 0.00 0.62 0.47 0.56 0.42 0.00 0.00

10 1.07 1.25 0.79 0.69 0.00 0.00 0.49 0.60 0.57 1.00 0.00 0.00

Average 
± SD

1.30 
± 
0.13

1.19 
± 
0.18

1.05 
± 
0.21

0.70 
± 
0.24

0.41 
± 
0.49

0.00 
± 
0.00

0.58 
± 
0.05

0.56 
± 
0.07

0.55 
± 
0.08

0.54 
± 
0.23

0.32 
± 
0.36

0.00 
± 
0.00

  Simpson index Margalef index

Days a0 a1 a2 a3 a4 a5 a0 a1 a2 a3 a4 a5

1 0.26 0.30 0.36 0.54 0.41 0.00 0.90 0.83 0.60 0.74 0.56 0.00

2 0.39 0.51 0.34 0.70 0.82 0.00 0.59 0.69 0.62 0.55 0.12 0.00

3 0.33 0.34 0.51 0.71 0.39 0.00 0.72 0.74 0.62 0.36 0.26 0.00

4 0.38 0.31 0.34 0.84 0.65 0.00 0.71 0.72 0.67 0.30 0.45 0.00

5 0.35 0.45 0.44 0.72 0.59 0.00 0.71 0.70 0.49 0.58 0.25 0.00

6 0.41 0.35 0.58 0.62 0.00 0.00 0.61 0.56 0.43 0.14 0.00 0.00

7 0.37 0.42 0.54 0.63 0.00 0.00 0.64 0.38 0.45 0.22 0.00 0.00

8 0.31 0.43 0.55 0.48 0.00 0.00 0.63 0.57 0.64 0.46 0.00 0.00

9 0.32 0.57 0.51 0.77 0.00 0.00 0.62 0.50 0.46 0.23 0.00 0.00

10 0.45 0.44 0.61 0.50 0.00 0.00 0.62 0.60 0.36 0.15 0.00 0.00

Average 
± SD

0.36 0.41 0.48 0.65 0.29 0.00 0.67 0.63 0.53 0.37 0.17 0.00

It was observed from the Table 4 that, the average biological diversity became less with higher water salinity.
For diversity index, the highest average value was for 1.3 (a0) and the lowest was 0 (a5). For evenness index,
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the highest average value was 1.0 (a1) and the lowest was 0 (a5). For abundance, the highest average value
was 0.67 (a0) and the lowest was 0 (a5). Through one-way ANOVA analysis, it was found that a4 and a5 were
signi�cantly different from a0 on the diversity index and evenness index, while a3-a5 were signi�cantly
different from a0 on the richness index (P < 0.05), as shown in Fig. 8.

4 Discussion
It was demonstrated in this study that, salinity increase in the recipient freshwater may lead to signi�cant
changes in the composition of plankton community, organism density, and biological diversity. In the sample
group mixed with high salinity water (24.8‰), an immediate reduction of 96.16% for ≥ 10–50 µm organisms
and 100% for ≥ 50 µm organisms were identi�ed on day 1 after water mixing. After 10 days, only when the
salinity was 2.1‰, the total organism density decreased by 15.72% for ≥ 10–50 µm organisms and by 72.26%
for ≥ 50 µm organisms, while the total organism density decreased by 96.62% for ≥ 10–50 µm organisms and
by 100% for ≥ 50 µm organisms in sample group with salinity of 12.2‰, all organisms died in sample group
with salinity of 24.8‰. These results aligned with the �ndings in previous study by Lin et al. (2017) on decline
of zooplankton biomass and Lind L. (2018) decline of cladocerans due to salinity increase. Greco et al (2021)
and Moffett (2020) also found in their studies that the diversity and richness of planktons decreased with
increasing salinity after 10 days. The salinization phenomenon in the recent years has severely affected the
planktons. The species composition of the zooplanktons has become much poorer, and the taxonomic
diversity decreased 1.4 ~ 1.5 times than before (Afanasyev, 2019). Mo et al. (2021) demonstrated that at low
salinities, even small increases in salinity are su�cient to exert selective pressure to reduce the plankton
diversity and alter assembly mechanism and network stability of the organism community. In this study,
biodiversity in sample groups has surprisingly shown a slight upward development after salinity increase.
When the salinity change was less than 6.5‰, after 7 days, the freshwater planktons have demonstrated
certain recovery ability, the plankton biomass had positive response to the salinity change after some time. It
may be explain as the ecosystem’s adaptability to the ecological disasters with time, and the species diversity,
average size and total number of species in the biological community may increase as a result (Pennesi, C.
2017;Nickolai, 2021). It was thus reasonable to assume that, in real ballast water operations, the biological
indicators such as species composition and quantity development may tend to be stable shortly after ballast
water de-ballasting, given a relatively mild salinity level of the discharged water.

In estuaries and coastal ecosystems which were normally subject to constant changes, salinity was an
important factor that may in�uence plankton community structure (Cruz,2020;Greenwald,1993). Salinity can
expose sensitive organisms to osmotic stress and promote the replacement of salinity-sensitive species by
salinity-tolerant taxa (Stefanidou, 2018). The responses of phytoplankton and protozoa to chloride increases
were group-speci�c and depend on nutrient levels. The previous survey and identi�cation results showed that
Ankistrodesmus falcatus or Scenedesmus in Chlorophyta survived in the high-salinity ballast water, even
though they were freshwater species (Wu, 2019). In this study, it was observed that Chlamydomonas sp. in
Chlorophyta had a strong tolerance to salinity increase. Song et al. (2020) inferred that changes of water-mass
conditions, especially a sharp reduction in salinity to possibly low-brackish conditions (< 10 psu), were the
primary causes of concurrent changes in the micro-algal community, re�ecting tolerance of low-salinity
conditions by green algae. Besides, this study also found that the Navicula sp. in Bacillariophyta and
Tribonema sp. in Xanthophyta were very sensitive to salinity, and can not survive beyond 6.5‰. One of the
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main mechanisms that allow algae to exist in high saline environment was that with the production of
exopolysaccharide ( EPS ), a large number of EPS was released into the environment, and cells survive in it
(Abdullahi,,2006 Steele, 2014).

Surprisingly, zooplankton was more sensitive to rising salinity than phytoplankton, in terms of species
composition or density, which may be attributed to different physiological characteristics of the two organism
groups, such as size and volume. Through 10 days of continuous monitoring, it was found that when water
salinity was not over 3.6‰, there was no signi�cant difference on ≥ 50 µm organisms quantity and diversity
compared with the freshwater control group, and the biota maintained certain recovery ability, while 10–50 um
organisms had recovery ability when water salinity was not over 6.5‰.Phytoplanktons responded to salinity
change mainly through the indirect top-down effects of zooplankton grazing (Emma, 2020).In the previous
studies, large herbivore species ( e.g. Daphnia ) have disappeared, replaced by more salt-tolerant and smaller
species ( e.g.rotifers ), and increased salinity may weaken top-down control ( Thompson and Shurin,2012;
coldsnow and Relyea,2018 ). Besides, species differences may drive the change of chloride sensitivity. In our
experiment, zooplankton groups differed in the relative severity of their chloride response, copepods
experienced the greatest declines, followed by cladocerans and then rotifers. In previous studies, cladocerans
tended to be the most sensitive then rotifers(Van Meter et al. 2011; Stoler et al. 2017b). Rotifers were generally
the most tolerant, only showing declines in one study (Stoler et al. 2017b). While copepods were more variable
in their response to chloride, sometimes declining (Petranka and Francis 2013; Lind et al. 2018) or not
responding to chloride (Stoler et al. 2017a, Sinclair and Arnott 2018).The driving factors of chloride sensitivity
change in the study were not clear. The reason may be include hydrochemical differences and food quantity
and quality ( Elphick et al. 2011 ).Variation in responses to salinity by plankton have been linked to predation,
disturbance, adaptation, dispersal, and water chemistry (Coldsnow et al. 2017; Hintz and Relyea 2017; Hintz et
al. 2019). Therefore, regional context and water chemistry must be considered in the study of salt impact
assessment of ballast water discharge.

Changes on the biological composition may result in loss of certain essential functions of the local ecosystem.
As the relative abundance shifts from large crustaceans to small rotifers, the total biomass will decrease (Fig. 3
and Fig. 7). Some species of both zooplankton and phytoplankton can be used as indicator organisms on
water quality change as they are very sensitive to salinity change. In this study, Platyias sp., Polyarthra sp.,
Tribonema sp.and Navicula sp. were found to be sensitive to salinity change, and these species were also
found to be existing in freshwater ecosystem (like the Yangtze River Basin in China) with large quantities, they
are thus considered as suitable indicator organisms for monitoring water quality changes in freshwater
ecosystem of inland ports. The inland ports like Yangtze River Basin are important shipping transportation
routes with heavy ship tra�c, it is very important and essential to monitor its water quality continuously. In the
future, scienti�c management of ballast water discharge in Yangtze River Basin can be designed by measuring
biomass of selected indicator organisms or by continuous monitoring salinity change in this water area with
salinity meter. These results are important inputs on evaluating effects of ballast water discharge on bio-
diversity and ecosystem service losses in this freshwater environment.

5 Conclusion
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Increased salinity in freshwater systems may leads to concerns on ecosystem health, quality of drinking water
and possible damage to �sheries productivity. However, compared to other contemporary sources of pressure
to the eco-systems (e.g. pollution emissions, biological invasions, etc.), the impacts of salinity change on
receiving water eco-systems resulting from ballast water discharge were poorly understood. This study
explored how discharge of saline ballast water may affect natural plankton communities in freshwater
recipients. The study demonstrated that the quantity and diversity of planktons decreased with the increased
salinity. However, through the continuous monitoring of 10 days, it was found that in water samples with
salinity not over 3.6‰, the ≥ 50 µm organisms demonstrated certain recovery ability, and there was no
signi�cant difference on organism quantity and diversity compared with the freshwater control group after 10
days. When the water salinity was over 6.5‰, both species composition and organism density showed
irreversible and rapid reduction. In addition, it was identi�ed from this study that organisms of size class ≥ 50
µm were more sensitive to salinity change than 10–50 um organisms, which may be attributed to different
physiological characteristics of the two organism groups, such as size and volume. Platyias sp., Polyarthra sp.,
Tribonema sp. and Navicula sp.were found to be very sensitive to salinity change and could be considered as
indicative organisms for monitoring and evaluating ecological effect of discharge of saline ballast water. This
is of great signi�cance for the scienti�c management of ballast water discharge in fresh waters.
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Figure 1

The experimental design (Blue represents fresh water and black represents saline water (as ballast water))
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Figure 2

Effects of salinity changes on the composition of ≥10-50 μm organisms during 10 days period. (a) phylum
level, (b) genus level.



Page 22/26

Figure 3

PCA analysis of community composition of ≥10-50 μm organisms in sample groups with different volume
ratio of saline water
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Figure 4

Total organism density (a) and daily inhibition (b) for 10-50 um organisms in different sample groups were
studied. Different lowercase letters on the chart represent signi�cant differences at the P=0.05 level, the
different letters between the sample groups mean P <0.05, conversely the presence of any same letter means
P> 0.05. Results of parallel samples were presented for each group.

Figure 5

Margalef’s species richness (A), Shannon-Wiener diversity (B) and Pielou evenness (C) for ≥10-50 μm
organisms in different sample groups were studied. Different lowercase letters of the same index on the chart
represent signi�cant differences at the P=0.05 level, the different letters between the sample groups mean P
<0.05, conversely the presence of any same letter means P> 0.05.
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Figure 6

Effects of salinity changes on the composition of ≥50 μm organisms during 10 days period. (a) class level, (b)
genus level
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Figure 7

PCA analysis of community composition of ≥50 μm organisms in sample groups with different volume ratio
of saline water
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Figure 8

Total organism density (a) and daily inhibition (b) for ≥50 um organisms in different sample groups were
studied. Different lowercase letters on the chart represent signi�cant differences at the P=0.05 level, the
different letters between the sample groups mean P <0.05, conversely the presence of any same letter means
P> 0.05.Results of parallel samples were presented for each group.

Figure 9

Margalef’s species richness (A), Shannon-Wiener diversity (B) and Pielou evenness (C) for ≥50 μm organisms
in different sample groups were studied. Different lowercase letters of the same index on the chart represent
signi�cant differences at the P=0.05 level, the different letters between the sample groups mean P <0.05,
conversely the presence of any same letter means P> 0.05.


