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Introduction

Ocean acidification (OA) is a long-term drop in the pH of the ocean caused mostly by atmospheric carbon dioxide (CO2). It is a consequence of climate change that poses a direct threat to life on earth by affecting the marine ecosystem (Panchang and Ambokar, 2021). The ocean has absorbed around 30% of the carbon dioxide emitted by human activities since the beginning of the industrial revolution (Sabine et al., 2004). The elevated partial pressure of carbondioxide (pCO2) causes seawater pH and CaCO3 staturation to decrease (Feely et al, 2004). The pCO2 value is now at 375 atm (Rhein et al., 2013) which is expected to reach 420 to 940 atm by 2100, and pH may decline by 0.13 to 0.42 units scenario (Rhein et al., 2013). The pH of sea water has declined from 8.17 units in pre-industrial periods (Key et al., 2004) to 8.06 units now (Rhein et al., 2013), indicating a decrease of 34.91%. Due to eutrophication and amplification of natural CO2 some coastal locations may see shifts H+ that are at least 2–3 times the world average (Melzner et al., 2012). Many marine organisms’ physiological activities are predicted to be influenced by such changes in ocean chemistry, potentially having far-reaching effects on marine biodiversity and ecological processes (Murugan et al., 2005; Vijayakumaran et al., 2005; Fabry et al., 2008; Pörtner, 2008; Kumar et al., 2009; Gattuso et al., 2011).

Ocean acidification thought to harm marine fish performance, owing to changes in oxygen availability and delivery capabilities (Pörtner, 2008). Individual survival may be harmed by acidic pH because less energy is allocated to digestion, growth, and reproduction (Munday et al., 2009; Munday et al., 2014). The OA has the ability to change the outcomes of ecologically important processes and the structure of ecological communities (Pörtner, 2008). Given that abiotic variables such as oxygen availability, temperature, and salinity are known to have the greatest influence on aquatic species’ early life stages (Bonk, 2005), the possible impact of acidified seawater on their development should be taken into account. Only a few studies on the impact of OA on early life stages of aquatic animals have been conducted, with the majority focusing on invertebrates (Kurihara et al., 2004; Havenhand et al., 2008; Dupont and Thorndyke, 2009; Ellis et al., 2009 Dupont et al., 2010) indicating that the impact of OA on the early life history of vertebrates is scanty.

Because blood is the channel of intercellular transfer and comes into direct contact with multiple organs and tissues of the body, it plays an important part in all physiological systems and hence, an animal’s physiological status at any given time is reflected in its blood. Any type of environmental stress induces oxidative stress in a normal organism, which is reflected in blood proteins and causes haematological changes, and may be used as a method for biological monitoring (Martinez and Souza, 2002). Although organisms are resistant to the harmful effects of oxidative stress caused due to reactive oxygen species, prolonged exposure can cause oxidative damage, including the loss of compensatory mechanisms due to changes in enzyme function (Galloway and Handy, 2003; Dogan and Can, 2011; Narra, 2017). Adverse changes in the haematological and biochemical markers indicate toxicity, and their use in environmental monitoring and aquatic biota health has a wide variety of applications (Thilagam et al., 2009; Narra, 2017).

A few research on the consequences of hypercapnia on various life stages of marine teleosts have been published in recent years (Checkley et al., 2009; Munday et al., 2009; Munday et al., 2014). Increased pCO2 levels were employed by Kikkawa et al. (2003) to explore the acute lethal effect of pCO2 on the early life stages of marine fishes. The whole world’s seas, especially coastal estuaries and streams, are being affected by OA. Many economies rely on fish and shellfish, and people all over the world use seafood as their major source of protein. Considering the need of the hour and importance of fisheries sector, an experiment was designed to study seawater acidification impacts on the growth rate of Indian seabass at various stages of their lives (Fry and Fingerlings). In both fry and fingerlings, we investigated how acidified medium alter haematological, biochemical markers in blood and consequently affect the growth. Thus, this study will help in designing the long-term effects of ocean acidification on the growth of Indian seabass, which might have implications on coastal and marine ecosystem organisms.



Methods

For this study, fishes were collected from the Rajiv Gandhi Centre for Aquaculture (RGCA) in Thirumullaivasal, Tamil Nadu, India. Before being utilized in the experiment, fish fry with an average length of 3.58 ± 1.2 cm and a weight of 2.78 ± 0.9 g and fingerling with an average length of 7.42 ± 1.59 cm and a weight of 6.1 ± 1.24 g were acclimatized for a week in a fiberglass tank. During acclimatization, the water temperature, salinity, and pH were all maintained at 28 ± 1°C, 20 PSU, and 8.1, respectively, and the tank received a continuous O2 supply. The fish were fed finely chopped fresh prawn meat and commercial feed regularly during the conditioning phase. Prior to the start of the exposure, the average individual weight of 180 fries and 180 fingerlings was recorded and randomly distributed into 9 rectangular glass aquaria (3 tanks for each exposure group) with a culture volume of 50 L and a stocking density of 20 fish per tank. However, the total number of fish used per time point per experimental group was 18 (six fish per tank and triplicate maintained for each tank). Similarly, the experimental setup for fingerling was also followed.

The effects of OA were investigated by lowering the pH of seawater and subjecting various size groups of fish to three distinct pH conditions: control pH of 8.1 and two lower pH levels expected under different climate change scenarios (pH 7.7 and pH 7.4). In a brief, lower pH was achieved by bubbling CO2-enriched air at the proper CO2 content. Using a dual variable area flow controller, the CO2 concentration in the bubbled air was regulated and the pH in the experimental tank was monitored regularly. The fish were fed fresh prawn flesh throughout the experiment. To reduce fluctuation, the temperature and salinity were maintained and measured daily with a probe (Hydrolab Quanta Multi-Probe Meter) and the pH of seawater was recorded thrice a day using a well calibrated pH meter (Wensar pH Meter, LMPH-with ± 0.01 pH).

At 20, 40, and 60 d, healthy fish of two different stages (fry and fingerling) were sampled. At each time, 18 fish were dissected per group (6 individuals per tank). Fish were anesthetized for 30 seconds in ice-cold aquarium water, then removed and measured for body length and weight. The fish was kept calm by gently wrapping it in a paper towel soaked in ice-cold aquarium water. The tail was cut 1–2 mm rostral to the caudal fin. To prevent clotting, blood was drawn from the cut end with a micropipette fitted with heparinized tips and immediately diluted with Tris EDTA buffer. Blood samples from three fish in the same tank were pooled as one replicate for fish fry and fingerlings (i.e., total sample number = 6 per group at time point). An aliquot of pooled samples were frozen in liquid nitrogen and kept at -80°C until further processing for biochemical component analysis. The above-mentioned animal handling procedures were approved by the Animal Ethics Committee of the University of Madras.

Using a Neubauer haemocytometer, the red blood cell (RBC) and white blood cell (WBC) counts were measured after dilution with Grower’s and Dacie’s solutions, respectively (Voigt, 2000). The haemoglobin (Hb) content was measured using the photometrical cyanohaemoglobin technique. Standard formulae given below were used to compute haematocrit (HCT), mean cellular volume (MCV), mean cell haemoglobin (MCH), and mean cellular haemoglobin concentration (MCHC) (Kang et al., 2005).

	

	

	

The oxygen carrying capacity was estimated by multiplying the haemoglobin concentration by 1.25 oxygen combining the power of Hb/g (Johansen, 1970; Sampath et al., 1998). Total protein content in blood serum was determined using the Bradford (1976) method, which used bovine serum albumin as a reference. The assay Kit measured albumin, globulin, and the albumin: globulin (A/G) ratio (divided albumin content by globulin content) (Biuret method using dye reagent, Qualigens Fine Chemicals, Mumbai, India).

The average survival, length and weight gain of the fishes during the experiment was estimated by the following formulae:

Survival (%) = Number of fish survived after 60 d/initial number of fish stocked × 100.

Weight gain (%) = Average (Final weight (g) - initial weight (g)/ initial weight (g) × 100.

Length gain (%) = Average (Final length- initial length / initial length) × 100.

The statistical analysis was carried out using SPSS software (version 20). The data was subjected to normality and homogeneity before a two way analysis of variance (ANOVA) to test differences between the groups.Tukey’s multiple comparison post hoc tests were used to determine the statistical difference between different treatment groups and the p-value of less than 0.05 was considered significant.



Data Description

Physicochemical parameters of the seawater such as temperature (°C), salinity (PSU), pH, total alkalinity (µmol kg-1), dissolved inogranic carbon (µmol kg-1), turbidity (NTU), specific conductivity (mS), and pressure (pCO2; µatm) are given in Supplementary Table 1A. Physicochemical parameters during the exposure period did not differ significantly (p > 0.05) between the exposure groups. Table 1 shows the changes in haematological parameters such as red blood cell (106/µL), white blood cell (103/µL) and Hb (g/dl) level, HCT, MCV, MCH, MCHC, O2 carrying capacity of sea bass fry and fingerling exposed to different pH groups. Between the control and experimental groups, the mean values for most of blood parameters showed significant differences (p < 0.05). In both fry and fingerling, WBCs, RBCs, Hb, HCT and O2 carrying carpacity showed a pH-dependent decline, but MCV and MCHC increased considerably in both fry and fingerlings. However, MCV in fish fry reduced significantly after 60 d of exposure at pH 7.4. MCH values decreased considerably in all the exposure period when the fish fry were exposed to pH 7.4. On the contrary, fish fingerlings exposed to OA do not show any significant differences in MCH values with the respective control groups except after 60 d exposure at pH 7.4, it is clear that extended exposure to OA caused considerable alterations in fingerlings, signalling that fry may be more susceptible than fingerlings to OA.


Table 1 | Data of haematological parameters of Asian sea bass Lates calcarifer fry and fingerlings exposed to different pH for 60 d.



Fish fry and fingerling exposed to acidified seawater showed decreased oxygen carrying capacity, which could result in poor oxygen transport to organs. The fall in Hb concentration could be reason for a reduction in oxygen transport to the tissues, resulting in a reduction in physical activity (Nussey et al., 1995). Similar findings have been reported earlier, wherein the oxygen carrying capacity of Heteropneustes fossilis blood decreased due to a decrease in RBC count and Hb concentration (James and Sampath, 1995).

In the present study the total RBC count in both fry and fingerlings exposed to different pH conditions (8.1, 7.7 and 7.4) reduced considerably and such reduction in RBC count may be due to blood cell disruption, i.e. haemolysis (Table 1), which was reflected in changes in red blood indices such as Hb, HCT, PCV, MCV, MCH, and MCHC (Table 1) and these variations in RBC could lead to abnormalities in the composition of blood and its functions. Moreover increased MCH and MCHC readings in sea bass blood correspond to fluctuations in erythrocyte count caused by red blood cell breakdown and reduced Hb content in each cell (Sakthivel and Sampath, 1990). The results of RBC indices are also considered and used to differentiate distinct kinds and the cause of anaemia (Whalan, 2015). MCV and MCH levels may rise in response to structural damage to RBC membranes when the acidity level rises and could results in hemolysis, impaired haemoglobin production, and red blood cell enlargement (Fletcher, 1975; Schafhauser-Smith and Benfey, 2003). The elevations in MCV and MCH, together with the lack of change in MCHC, showed that the anaemia was of the macrocytic type (Ates et al., 2008). The MCHC value is used to assess the degree and aetiology of anaemia, as well as to identify differences in erythrocyte size, shape, and Hb concentration (Grant, 2015). The MCHC level in both fry and fingerling seabass subjected to acidified conditions decreased significantly after 60 d of exposure at pH 7.4, while there were no significant changes in the fingerlings exposed to pH 7.7 compared to the control groups. Figures 1A–D shows the biochemical characteristics of seabass fry and fingerlings, including total protein (g/ml), albumin (g/ml), globulin (g/ml), and albumin/globulin (A/G) ratio. When seabass fry and fingerlings were exposed to acidified seawater, the total protein, albumin, and globulin concentration in their blood decreased drastically. Albumin content in fish fingerling significantly decreased in both exposure group after 40 d, however in fish fry the same decreased only when the fry were exposed to pH 7.4. On the contrary, globulin content in fish fry reduced significantly in both exposure groups and the same reduced in fish fingerling only when the fish were exposed to pH 7.4. Overall these data suggests that the fry were under stress than the fingerling. Intriguingly, the albumin and globulin ratios in fingerlings and fry did not show any significant decrease throughout the 40-day exposure period.




Figure 1 | (A–D) is the data representing the biochemical components such as (A) total protein (mg/ml), (B) albumin (mg/ml), (C) globulin (mg/ml), (D) albumin and globulin (A/G) ratio of seabass fry and fingerling exposed for 60 d under different acidified conditions. Each bar represents mean ± standard deviation of six samples. Two-way analysis of variance followed by Tukey’s post hoc test was used. The same letters (a, b, c) indicate no significant difference between the exposure groups whereas different letters indicate statistically significant differences (p< 0.05) between different groups.



The total protein level was thought to indicate the health condition of fish, which may directly be related with growth (Gopal et al., 1997). We discovered a decrease in total protein, albumin, globulin, and a change in the albumin to globulin ratio throughout our experimental periods. Marine pollution and/or stress exposure has been shown to cause changes in blood protein levels, which indirectly effect the physiological process of fish (Kroeker et al., 2010; Harvey et al., 2013).

Supplementary Table 1B displays statistics on fish survival and variations in length weight measurement in proportion to the initial values of fish fry and fingerlings, respectively. The percentage increase in length compared to initial values in seabass fry grown in the control treatment (pH 8.1) was 83.51%, however, growth was slowed when the fry were reared in acidified seawater with pH 7.7 and 7.4. In pH 7.7 and 7.4, the increase in length was 62.29% and 41.62%, respectively. Similarly, seabass fingerlings exposed to two acidic seawater environments developed substantially slower than the control groups. The weight of fry after 60 d was 5.91 0.36 g, a rise of 112% over the original weight; however, at pH 7.7 and 7.4, this was reduced to 83.45% and 73.66%, respectively. Fingerlings followed a similar trend. These findings clearly show that acidified seawater has a deleterious impact on fish (fry and fingerlings) growth.

To conclude, this is the first study to our knowledge to look at the impact of OA on the haematological and biochemical parameters in two different size groups of L. calcarifer. In both groups, OA causes changes in haematological and biochemical components, according to the findings of this study. The current study also revealed that OA had an effect on physiological processes (growth rate), with the effect being stage-specific and pH dependent. We propose that fish haematological and serum biochemical research have become more important as a result of the increased emphasis on fish farming and rising level of pollution in coastal and marine ecosystems. Its effect on fish growth might aid in the development of a long-term management plan to mitigate ocean acidification.
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Parameters 20d 40d 60d

Fish fry Control PH 7.7 PH7.4 Control pH 7.7 PH7.4 Control PH7.7 PH7.4
(pH 8.1) (PH8.1) (pH 8.1)

RBC 2.2120,047° 1.93+0.061° 1.78+0.047° 2.08:0.060° 1.70£0.051° 1.63£0.061° 2.13:0.049° 1.9120.047° 1.36£0.055°

HB level 9.28:0.132° 9.30:0.081° 8.73:0.076" 9.31.£0.060° 858:0.004° 7.9620.156° 9.08:0.101 8.40:0.093° 7.3810.126°

(g/dL)

HCT (%) 31.6620.482° 29.76:0.556* 26.85£0.788° 31.18.:0.616" 28.15:0.557° 25.300.530° 32.10£0.499° 27.45:0.576" 21.68:0.404°

MCV(L) 140.91+2.40° 149.59+7.41 153.66:3.30° 154.66.£3.91° 162.36:6.930° 165.28+5.37° 154.4324.69° 154.96:8.12% 145.5814.70°

MCH (Pg) 33.98:0.286" 32.02:0.685" 30.72+0.722° 33.46.£0.596° 32.8040,672° 30.8940.537° 35.34+0.508" 32.7040.825° 29.4510.484°

MCHC(%) 29.43:0.245" 31.20:0.652" 32.63:0.784° 29.92.40.537% 30.54:0.633" 32.6340.738° 28.31£0.400* 30.6710.778° 34.0040.544°

0, camying 11.6020.165° 11,620,102 10.9120.095° 11.64.40.075% 10.72:0.118° 9.9510.195° 11.3520.126° 10.50:0.116° 9.20£0.160°

Capacity

WBC 8.18:0.182° 8.08:0.094° 7.430.076" 8010.060° 7.28:0.004° 6.660.156° 7.78:0.101° 7.1020.003° 6.06:0.128°

Fingerlings

RBC 3.1120,047° 2.61:0.007° 2.36£0.047° 3.13.10.060° 250:0.051° 2.1310.061° 3.03:0.049° 2.41:0.047° 1.76£0.055°

HB level 10.1820.132° 10.36:0.049% 9.98:0.101” 9.98.40.094* 9.38:0.004° 8.9040.093° 9.66:0.186° 8.56:0.156° 7.7620.128°

(@/dL)

HCT (%) 32.4320.442° 32.21:0602° 32.96:0517° 31.95.£0.665° 29.03:0.567° 27.9520,576° 30,880,820 26.03:0.546" 22,08+0.404°

MOV (L) 101.68:1.430° 117.524.83° 132.23+5.34° 106.10.43.35 113.88+3.99° 127.4546.59° 107.53+3.99° 106.70+3.72* 120.8815.97°

MCH (Pg) 31.85:0.249° 31.07x0571% 33.02:0.466" 32.02.0.749° 30.95:0.620° 31.42:0.771% 31.95:0.726° 30.42:0.716° 28.4420.453°

MCHC (%) 31.40:0.243" 32.23:0.596" 30.300.420" 31.31.40.731° 32.37:0.659" 31.91:0.788" 31.36£0.685" 32.96:0.785° 35,190,546

O, carrying 12.72+0.165% 12.95:0.618" 12.47+0.126% 12.46.+0.118* 11.72£0.113° 11.12+0.116° 12.08+0.225% 10.70£0.195° 9.7020.160°

Capacity

WBC 8.5820.132° 8.48:0.004° 7.83£0.076" 8.36.£0.055" 7.63:0.080° 7.1020.134° 8.38:0.101° 7.53:0.008° 6.3820.119°

Values are expressed as means: SD of 6 obsenvations. The same letters (a, b, c) indicate no significant difference between exposure groups at different exposure periods, whereas different letters indicate statistically significant diflerences (b <
0.05) betwean diferent exposure periods and groups. RBC and WBC expressed (10P and 10 celle/ud. respeciively) and Os canrying Capacity axpressed i miOs g HD).





