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Abstract
     Calanoid copepods are key components of the marine 
food web and the food sources of many larval fishes and 
planktivores, and grazers of phytoplankton. Understanding 
the ranges of major environmental variables suitable for their 
growth is essential to maintain the balance between trophic 
links and resources protection.The effects of exposure to pH 
ranging from 4.2 to 9.2 on survival, egg production and feeding 
rate were determined for adult copepod Pseudodiaptomus 
Annandalei. Survival was maximum at pH 8.2 (control) and 
the optimum pH ranged between 6.2 and 8.2. The overall 
feeding rate fluctuated between 208-650 cells/ml. The egg 
production rate (EPR) varied from 0 - 44±3.22 eggs/female. 
It is inferred that exposure to lower pH caused a significant 
decrease in both survival and EPR. However, feeding rate was 
not affected considerably. Our experimental results prove that 
pH stress has considerable effect on survival and fecundity of 
P. annandalei. However, feeding rate stayed stable in most of 
the pH tested. 
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Introduction    
The pH of seawater is important chemical factor to aquatic 
life because it affects the normal physiological functions 
of aquatic organisms, including the exchange of ions with 
the water and respiration. The oceans nearly absorb about 
50% of the anthropogenic CO2 emitted to the atmosphere. 
Dissolution of CO2 will lower the seawater pH and affect 
its carbonate chemistry. It is generally held that average 
surface ocean pH has already declined by 0.1 from the pre-
industrial level, and is projected to decrease 0.3 to 0.46 
by the end of this century, depending on CO2 emission 
scenarios[1]. Hence there is an urgent need to evaluate 
how marine organisms interact with these conditions.
The lethal effects of low pH have been previously studied 
for several marine invertebrates, using strong acids such 
as hydrochloric acid (HCl) and sulfuric acid (H2SO4).
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Kikkawaet al[2] compared the acute toxicity of CO2-acidified 
and HCl-acidified seawater for eggs and larvae of marine fish 
and found that seawater acidified by CO2 was more toxic.

  The impacts of acidification on marine invertebrates have 
been focused on the calcifying organisms, while researchers 
have paid less attention to the noncalcifying organisms, such 
as copepods, which play an indispensable role in the food 
web and can affect the growth and reproduction of the higher 
trophic organisms. However, to understand the effects of pH 
on the whole marine ecosystem, studies of organisms at lower 
trophic levels are also needed. Copepods often constitute the 
majority of the biomass of zooplankton and play a vital role in 
marine ecosystems, serving as crucial links between primary 
production and higher trophic levels. Despite their ecological 
significance the potential effects of ocean acidification on 
copepods remain unclear. So far, only few studies have been 
made on the response of copepods to seawater acidification.
Hence this present study was aimed to determine a possible 
effect of both high and low pH on the survival, egg production 
and feeding rate of calanoid copepod P. annandalei under 
controlled conditions in the laboratory.

Materials and Methods
Experimental Animals
 Calanoid copepod P. annandaleiwere collected from Muthupet 
mangrove lagoon and maintained in laboratory for about 
3 years. The copepods were raised at a water temperature 
between 28 and 30ºC and salinity of 27 ppt. After acclimatizing 
the copepods to the culture condition, healthy energized egg-
carrying females were carefully transferred with a pipe to the 
culture media. Their offspring were used as the experimental 
animals.

Food source
Marine microalgae Chlorella marina, isochrysis galbana and 
Dunaliella salina  were obtained from the Central Institute of 
Brackishwater Aquaculture, Chennai.
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The algal stock cultures were maintained in air conditioned 
room. Microalgae were cultured in 10-L capacity container at 
temperature of 27oC, salinity 30‰ and light intensity of 45-60 
mmol photons/m2/sec. The seawater was filtered by using filter 
bag (1 micron). Seawater was sterilized by using autoclave 
and transferred to the culture flask after cooling. All vessels 
are used for algal culture was sterilized properly and dried in 
an oven before use. Mild continuous aeration was provided 
throughout the culture period. Algae were cultured using 
Conway’s medium. Algae in exponential phase were harvested 
to feed copepods.
pH adjusted seawater

   Seawater was collected concurrently with net tows at 
copepods sampling site using a plastic bucket (for surface 
water). Seawater was filtered through GF/C filters, autoclaved 
and well oxygenated for use in experiments. The presently 
used filtered seawater for experiments is advantageous because 
the pH of seawater will not be affected by the respiratory CO2 
output by prey organisms, but the lack of prey limits copepod 
survival time. Concentrated hydrochloric acid, diluted to 1 
N with distilled water, was used to adjust the pH of seawater. 
Seawater without hydrochloric acid (pH: 8.0 to 8.3) served 
as a control. For one series of experiments, sea water of 4.2 
to 9.2 graded pH levels between 8 (control seawater) and 4 
(hydrochloric acid added) was prepared. The pH levels were 
determined with standard pH meter (Elico, pH meter).

   The pH meter was standardized using two pH standard 
solutions (4 and 7) prior to every use. Since the pH of acid-
treated seawater varied to a great extent during the first 24 
h (perhaps due to an exchange of carbondioxide via the air-
seawater interface), pH-adjusted seawater was left for 24 h 
prior to the incubation of copepod. A typical pH series with 
6 grade steps 4.2, 5.2, 6.1, 7.2, 8.2(control) and 9.2 were used.
Effect of pH on survival

To determine the lethal effect of pH of seawater, ten individuals 
of copepod P. annandalei were kept in individual 50-ml air-
tight glass containers filled with control and pH-adjusted 
seawater. The experiments were run in the dark conditions 
at 28°C, which is within the natural temperature range of 
the species used in this study. For every 24 h the pH of each 
container was checked and dead specimens were removed. The 
pH of the seawater was changed every 24 hrs. The experiment 
was extended till all the individuals in the control container 
showed signs of either anomalous swimming behavior or 
death.
Effect of pH on feeding rate 

The feeding rate of P. annandalei at different pH was studied 
by maintaining conditions similar to survival experiment. 
25ml of filtered autoclaved seawater was taken in 50 ml beaker. 
Experiments were performed in triplicate with 10 individuals 
in each beaker. The copepods were left to starve for 24 hrs 
prior to the experiment. After addition of microalgal feed 
1ml of sample was taken and immediately fixed with lugols 
iodine. Hourly samples were collected for a maximum of 
three times and fixed, which were later subjected to cell count. 
Experiments were carried out in dark conditions.
Fecundity experiments
5ml of filtered autoclaved seawater was taken in 10 ml test tube. 
Experiments were performed in triplicate with 1 individual in
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each beaker. Thecopepods were left to starve for 24 hrs 
prior to the experiment. Three different microalgal feeds, 
Chlorellamarina, Dunaliella salina andisochrysis galbanawere 
provided as food source for copepods. Experiments were 
carried out in dark conditions. The egg production rates were 
expressed in terms of no of eggs/female.

Statistical Analysis
  Data were analyzed by one-way ANOVA. If significant 
(P<0.05) difference was found in the ANOVA test, Tukey’s test 
was used to rank the groups. Data are presented as mean±S.E. 
All statistical analyses were performed using Grapher Prism 
Ver. 5.

Results
Survival
The survival rate of P. annandalei decreased significantly 
(P<0.01) over the experimental duration (Figure 1). At pH 4.2, 
there was a significant (P < 0.01) decrease in overall survival 
rate as compared with the control. Survival in the control 
group was 100% till 7th day. Total mortality was earliest in pH 
9 and slowest in control. No treatment showed better results in 
terms of survival, compared to control, though; pH resistance 
of copepods in acidic pH was substantial. The test pH 7.2 
showed better survival during the overall experiment period.
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Figure 1. Effect of pH on survival of P. annandalei for a period of 18 days

Maximum survival of copepods was observed in both pH 4 
and 5 till 5th day, compared to 1st day in pH 9. In brief survival 
was better in all treatments till 7th day. The overall optimal pH 
for P. annandalei was found to be ranged from 6.2-8.2.
Effect of pH on feeding rate
   P.annandalei were subjected to three different microalgae 
feeds and tested for pH effect on feeding rate. The experiments 
were maintained in dark conditions at seawater salinity of 32 
PSU and a temperature of 37o C. The overall feeding rate of 
P.annandalei at I. galbanafeed varied from 208 - 417 cells ml-1 
hr-1(Fig. 2). The feeding rate of copepods on I. galbanadiffered 
with various pH. Maximum feeding rate of 417 cells ml-1 hr-1 
was observed at pH 9 and the minimum 208 cells ml-1 hr-1 in 
pH 5. Feeding rate of copepods in I. galbanashowed gradual 
increase with increased pH levels. Interestingly, pH 9 resulted 
with higher feeding rate than that of control.
   The overall feeding rate of P.annandalei in D. salinafeed 
ranged from 527 – 638 cells ml-1 hr-1. The feeding rate 
seemed to increase with the increasing pH till 8.2 (control) 
and decreased with further increase in pH. The maximum 
feeding rate of 638 cells ml-1 hr-1 was observed in control 
and the minimum feeding rate (527 cells ml-1 hr-1) in pH



4.2. A similar pattern of gradual increase in feeding rate 
along with pH increase was seen. The maximum feeding 
rate with D. salinawas observed at pH 8.2 (control) of 526 
cells ml-1hr-1. The maximum and minimum feeding rates 

Biodiversity and Aquatic Research: An International Journal                                                                                                                              Page 3 of 4
Volume 1, Issue 1

Research Article
Volume 1, Issue 1

Figure 2. Effect of pH on feeding rate of P. annandalei

were recorded in control and pH 4 respectively. Feeding rate 
of P. annandalei with C.marina followed similar pattern as 
D. salina. 
Effect of pH on egg production of copepods
P. annandaleitested at different pH and algal feed were 
stocked with one egg bearing female. The overall mean EPR 
were 14.53±1.09, 29.6±1.95 and 13.89±2.38 in I. galbana,C. 
marina and 
D. salinafeed. The overall EPR was found highest at pH 8.2 in 
all experiments. There was a significant difference (P<0.05) 
in the egg production rate, as compared to the control 
throughout the experiment. The EPR varied from 0 - 44±3.22 
eggs per female. The maximum egg production was observed 
in pH 8.2 (Control) with C. marina feed (Figure 3) and the 
minimum in pH 4.2 with I. galbanafeed. Both acidic and 
alkaline pH showed adverse effect on the egg production rate 
of copepod. A gradual increase in EPR was observed till pH 
8.2 and tended to decrease further in all feeds. The maximum 
and minimum EPR with D. salina feed were 21±4.22
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Figure 3. Effect of pH on egg production of C. marina fed P. annandalei
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Figure 4. Effect of pH on egg production rate of D. salina fed P. 
annandalei
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Figure 5. Effect of pH on egg production rate of I. galbana fed P. 
annandalei

and 2±2.58 eggs/female at pH 8.2 and 4.2 respectively (Fig.4). 
The maximum and minimum EPR with I.galbana feed was 
21±0.89 and 0 eggs/female at pH 8.2 and 4.2 respectively 
(Figure 5).
Discussion 

The pH employed in this study were found to be harsh than 
the species would have experienced in natural conditions. 
However, flexibility is an important criterion for production 
of reliable copepod cultures and needs to be tested. Existing 
studies on effects of pH on marine copepods are scarce with 
few exceptions. Our study shows an increase in EPR and 
feeding rate of P. annandaleiat pH from 4.2 to 8.2. Significant 
drops of both rates were found when pH above 9, consistent 
with the finding from Pederson and Hansen[3].

 Several studies on effects of pH on copepods have shown 
that only acidification to pH less than 6.5 have harmful 
consequences, such as a decreased survival rate. Knutzen[4]
reviewed the effects of low pH on several marine organisms 
and reported that most were markedly affected when pH drops 
below 7.0. These facts were consistent with our results. The 
optimal pH for copepods in the present experiment ranged 
from 6.2-8.2. However, Yamada and Ikeda5 demonstrated 
that the tolerable pH range for marine plankton decreases 
with increasing exposure time. On the other hand, Dupont 
and Thorndyke[5]have proved that only a single generation 
is needed for the copepods to cope up with pH stress. Hence 
a longer exposure time and multi-generation approach in our 
study could reveal the precise effect of pH on adult copepods.
Feeding rate of P. annandalei also dropped when the pH 
increased or decreased beyond control. Li and Gao[6]stated 
that copepod increased its food acquisition to compensate 
for the extra energy demand via enhancement of respiration 
upon pH stress. But our present study showed no considerable 
differences in feeding rate of the organism. Although, the 
feeding rate of P. annandalei on different microalgae varied 
significantly. Decreased feeding rate can induce malnutrition 
thereby causing severe damage to an animal’s reproductive 
and other life processes.Most organisms are more or less 
capable of maintaining the stability of intracellular acid–base 
to counteract external pH changes. The increased H+ level in 
body compartments would down regulate the oxygen affinity 
of respiratory pigments and can inturn affect the feeding. 
However, in the present study, pH did not have significant 
effects on the feeding rate of copepods, though; decrease in 
feeding rate beyond optimum pH was observed. Dupont and 
Thorndyke[5] have previously showed that second generation



copepods may respond differentially to ocean acidification 
compared to the first one and the copepods adapted to the 
stress within a generation. However, the findings of the present 
study only reflect a short-term response of the copepod.

   Egg production rates were severely affected at different pH 
tested. EPR varied significantly with different pH and feeds 
tested. Mayor et al.[7] demonstrated that exposure to seawater 
acidified by equilibrating with 8000 ppm CO2 in air did not 
affect egg production of the copepod Calanusfinmarchicus, 
although it significantly reduced egg hatching rate. This is in 
contrary to our findings as the EPR was significantly affected 
beyond optimum pH levels. However, the pH employed in our 
study was much severe compared to earlier works. Low EPR in 
the present study can be attributed to disparity in biochemical 
processes, such as metabolism and protein synthesis due to 
pH stress. 
Conclusion
  Our experimental results suggest that survival and EPR 
of P.annandalei was considerably affected upon pH stress. 
However, feeding rate stayed stable in most of the pH tested. 
Our findings clearly revealed that direct pH stress has 
significant effects on vital rates of copepod. However these 
findings are results of direct and short term study with unique 
focus. Hence further studies concerning different aspects of 
acidification needs to be experimented.
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