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Abstract 

Fish eggs and larvae represent a valuable yet underutilized resource in fisheries and aquaculture 

research. These early life stages are critical for understanding fish development, survival, and 

distribution. Larval stages, encompassing prolarva to metamorphosis, are highly sensitive to 

environmental factors, such as oxygen deficiency and temperature fluctuations, which can affect 

hatching, development, and mortality. Effective sampling techniques for ichthyoplankton include 

quantitative collection, preservation, and environmental data integration. Environmental variables 

such as temperature, salinity, and oxygen concentration, alongside mechanical and chemical 

stressors, significantly influence the survival of eggs and larvae. Spatial and temporal patterns in 

larval distribution are shaped by physical and ecological factors, including rainfall and salinity 

gradients. Furthermore, dispersal mechanisms, such as hydrodynamic processes and avian-

mediated transport, highlight the resilience and adaptability of certain species. Studies on the 

environmental interactions and dispersal patterns of fish eggs and larvae are pivotal for advancing 

marine biodiversity conservation and aquaculture sustainability. 
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Introduction 

Fish eggs and larvae, made more accessible by recent advancements in marine species 

rearing techniques, represent a largely untapped source of biological material. Beyond their 

inherent interest, detailed experimental studies of these early stages are essential for progress in 

fish culture and fisheries research. Most fish species undergo a larval stage before transforming 

into their adult form during metamorphosis. Newly hatched fish are often referred to as “prolarva” 

(or alevin in salmonids) until their yolk sac is absorbed, after which they are called “postlarva” (or 

fry). Oxygen stress can delay development, trigger premature hatching, or cause egg mortality. 

Terrestrial anamniote embryos face a trade-off between oxygen uptake and water retention. To 

cope with hypoxic conditions, embryos may position their respiratory surfaces, such as external 

gills, to access localized oxygen-rich areas within their eggs. Identifying ova defects or 
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developmental failures (e.g., mortality or abnormalities) can help establish different quality 

categories or levels. In this context, the term “larva” refers to all stages up to metamorphosis in 

marine fish, while terms like "alevin" and "fry" are used for salmonids or other freshwater species. 

The effects of oxygen deficiency and temperature on gas exchange are also explored. 

Quantitative sampling of fish eggs and larvae 

 This outlines the methods and equipment for collecting planktonic fish eggs and larvae, 

including sampling purposes related to time, space, and study type. It covers collection 

instruments, sample preservation, data analysis, and reporting results such as distribution, 

abundance, vertical distribution, spawning biomass, and mortality estimation (Kelso et al., 2012). 

Handling the sample at sea 

 Fish eggs and larvae are delicate and require immediate preservation, especially in tropical 

waters (Balon, 1977). The storage container should hold at least three times the volume of 

preserving liquid (preferably 5% buffered Formalin) relative to the plankton. A 1000 ml glass jar 

with a sealed plastic lid is ideal. The plankton is carefully transferred from the cod end into the 

container, with the cod end rinsed to collect any remaining plankton. All traces of the sample must 

be removed from the mesh before adding the preserving liquid (Kirmse, 2012). 

Labelling 

 Proper labeling of samples is crucial for accurate identification. Each sample jar should 

have two labels: one placed inside the jar and another on the lid. Since the internal label can be 

difficult to read without removing it, the external label ensures easy and immediate identification 

(Russell et al., 2008). 

Storage on the vessel 

 Sample jars should be completely filled to prevent plankton agitation during rough 

weather, with some movement still occurring due to vessel motion. To minimize damage, samples 

should be stored in the most stable part of the ship. Temperature control is crucial, particularly in 

tropical regions, where it is often overlooked. Tropical expeditions often yield poor-quality 

collections despite proper preservation. Experiments are needed to assess the impact of storage 

temperatures on plankton, and air-conditioned storage may be essential for maintaining sample 

quality during long cruises. 

Supplementary data 

During critical stages in the life cycle of young fish, even minor environmental changes 

can cause significant mortality, leading to fluctuations in fish stock abundance and availability. 

Therefore, collecting environmental data during ichthyoplankton surveys is essential (Petitgas et 

al., 2013). 
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Hydrographic   data 

 In a standard ichthyoplankton survey, it is crucial to collect basic physical oceanographic 

data at each station. This typically includes measuring surface temperature using a bucket 

thermometer. More importantly, a bathythermograph (BT) or expendable bathythermograph 

(XBT) is used to obtain a temperature profile with depth (George and Anilkumar, 2022). 

Spatial and temporal distribution 

 Temporal and spatial variations in fish abundance in estuaries can result from changes in 

physical conditions that affect species' seasonal movements. Studies of ichthyoplankton in Brazil 

have shown that the abundance, distribution, and composition of fish larvae can exhibit temporal 

and spatial patterns influenced by physical factors such as rainfall and salinity. These studies have 

primarily focused on mangroves, bays, and continental shelves, rather than coastal lagoons 

(Jennerjahn and Ittekkot, 2002). 

Temporal distribution refers to a series of events where the times between events are 

independently and identically distributed. Spatial distribution refers to the arrangement of a 

phenomenon across the Earth's surface. The fish community was dominated by the Engraulidae 

family, followed by Clupeidae, Gobiidae, and Mugilidae. Engraulidae and Clupeidae were present 

throughout the year. 

Dispersion of eggs and larvae 

This study investigated the dispersal of fish eggs and larvae in a river influenced by small 

hydropower plants in Southeast Brazil. The hypothesis was that free-flowing eggs and larvae 

would disperse downstream, facilitated by the fish ladder. Eggs and larvae were collected 

fortnightly from locations upstream of two dams, including lotic, transition, and lentic zones, as 

well as from inside the fish ladders. Downstream dispersal was influenced by rainfall, flow 

variation, and reproductive cycle stage, with higher abundances during summer rainfall peaks. 

Eggs and larvae drifted through the reservoirs to the dams, where they could pass through the fish 

ladder, though at low densities compared to other upstream sites (Brambilla et al., 2022). 

Dispersion of fish eggs via waterfowls 

 A study explored whether carp eggs can be dispersed through the digestive system of 

ducks. To test this, Orsolya Vincze and colleagues fed 500 common carp and 500 Prussian carp 

eggs to eight captive mallard ducks. Six ducks passed live eggs, but only 0.2% of the ingested 

eggs survived intact in their feces. Of the 18 recovered, 12 had viable embryos, and three 

successfully hatched. The findings suggest that avian gut passage may play a role in long-distance 

fish dispersal, and a single Prussian carp egg could establish a new population due to its asexual 
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reproduction capability. Additionally, a genetic analysis tracked larval dispersal in Amphiprion 

clarkii in Ormoc Bay (Pinksy, 2011). 

Larvae of colorful clownfish 

 A Rutgers-led study found that the dispersal of clownfish larvae in the Philippines varies 

significantly by year and season, which could aid in their conservation. Over seven years, 

researchers tracked how larvae dispersed through currents, winds, and waves, noting seasonal and 

annual variations, including during monsoons. The study, published in Molecular Ecology, 

revealed significant fluctuations in larval dispersal. 

Effect of environmental parameters on eggs and larvae 

 The early larval stages are the most critical and vulnerable stages in a fish's life cycle, 

influencing their development, survival, distribution, and migratory behavior. 

Environmental factors 

Factors influencing fish egg mortality rates can be broadly categorized into two groups (Health, 

1992): 

1. Exogenous factors: These include predation, abiotic effects such as changes in temperature, 

salinity, oxygen concentration, wave action, UV radiation, pollution, wind speed, turbulent 

sea conditions, upwelling intensity, and sea surface temperature (SST). 

2. Endogenous factors: These include inherited genetic abnormalities or poor parental 

condition prior to spawning. 

Plankton, such as Cyclops, can damage the egg shell, while Chironomid larvae use their 

mandibles to bite and harm the eggs. Saprophytes can cause mortality in developing eggs. 

Additionally, predation impacts both the distribution and development of eggs and larvae. 

Physical factors 

Temperature, Salinity, Oxygen concentration, Solar and Ultra violet radiation, Mechanical stress 

1. Temperature 

 Fish eggs are highly sensitive to temperature, with many species tolerating a ±6°C range 

from the spawning temperature. Rapid temperature changes in the open ocean can cause high 

mortality. Egg development accelerates with higher temperatures until it peaks, after which further 

increases harm development and cause larval death. Incubation time varies by species and egg 

size, with larger embryos developing more slowly. Fish embryos are most sensitive to temperature 

changes early in development, especially during cleavage and gastrulation, with lower mortality 

rates at high temperatures if exposure occurs later in development (Bloomer et al., 2023). 

Effects of temperature on fish eggs 

 The incubation period shortens with rising temperature and lengthens with decreasing 

temperature. Larvae first rely on their yolk sac for nutrition, then switch to external feeding once 
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their mouths develop. Temperature fluctuations, whether increases or decreases, impact larval 

survival, leading to mortality. 

2. Salinity 

 There is an inverse relationship between salinity and mortality in pelagic fish eggs, with 

tolerance depending on internal fluid regulation. Eggs die in salinities below 15 ppt, but euryhaline 

eggs can survive fluctuating salinity. Mortality in demersal eggs increases at higher salinity levels, 

while lower salinity prolongs incubation periods in species like white flounders and Pacific cod. 

Salinity imposes an osmotic cost on the eggs (Wootton, 1991). 

Effects of salinity on the eggs and larvae of teleosts 

 The eggs of some marine teleosts are often spawned nearshore, close to large estuaries 

where salinity fluctuations are common. Similarly, larvae of certain freshwater-spawning fish 

species migrate early in their life to marine or estuarine environments. The impact of water salinity 

on eggs and larvae is influenced by several factors, including total osmotic concentration, ion 

concentrations, oxygen availability (since higher salinity reduces oxygen content, assuming other 

factors remain constant), and the specific gravity of different salinities, which can affect the 

buoyancy of the organisms (Zhang et al., 2019). 

3. Oxygen concentration 

Oxygen uptake in fish eggs increases with development and is temperature-dependent, with 

an ideal range of 3-5 mg/liter. In the sea, fish egg mortality can be influenced by a complex 

interaction of factors beyond temperature and salinity, including dissolved oxygen (DO) levels. 

During early embryonic stages, oxygen demand is partly met by oxygen stores in the yolk and 

perivitelline fluid. Eggs that are deeper or have thicker masses may suffer from inadequate oxygen 

supply or poor water circulation, affecting their survival (Maitland, 2013). 

Effects of oxygen in fish eggs and larvae 

 Egg survival decreases with lower oxygen concentrations. Insufficient oxygen prevents 

proper aeration of eggs, damaging the egg cells. Larvae rely on oxygen from the yolk sac and 

perivitelline space, and if oxygen deficiency occurs early, yolk sac formation is impaired, affecting 

larval metabolism and growth (Blaxter et al., 2023). 

Mechanical stress 

When osmoregulatory capacity is lost, the embryo sinks rapidly and dies. Pelagic eggs near 

the surface in open water may be affected by mechanical pressure from wave action. 

1. Wave action / Tidal action : Eggs and larvae of many organisms are brought to shore by wind 

and tidal action. Tides, caused by the interaction of the sun and moon, occur twice daily and 
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have the greatest impact on the eggs and larvae of marine organisms along coastlines 

(Chakraborty, 2020). 

Chemical factor 

 Metabolites, including ammonia (NH3), nitrite (NO2), and CO2, can originate from the 

reared organism and bacterial activity. Egg deformation increases with rising ammonia 

concentrations (0.06 to 1.5 mg/l). High levels of unionized ammonia cause malformations in the 

yolk sac, spine curvature, and darkening of the eyes and skin. 

1. Microbial affect 

Microbial diseases caused by opportunistic pathogens like Vibrio spp., Francisella sp., 

IPN, and Pasteurellosis can lead to significant losses. Microbial stability depends on water quality 

and environmental factors. Ensuring optimal gut function and feed digestion is crucial, as larvae 

and juvenile fish lack fully developed immune defenses (Nadal et al., 2020). 

2. Saprolegnia fungus 

A common fungus, water mould disease affects dead eggs first and later causes high 

mortality in developing eggs. It impacts both wild and cultured freshwater fish and their eggs 

worldwide (Berg et al., 2013).  

Conclusion 

 Studies on Indian flying fish species focus on the following: the eggs and early 

development of H. coromandelensis (Nayudu, 1923), Cypselurus comatus larvae reared in 

Trivandrum Aquarium (Padmanabhan, 1963), eggs and juveniles of Exocoetus volitans from the 

Bay of Bengal (Kovalevskaja, 1964), development of artificially fertilized Exocoetus volitans eggs 

(Parin & Gorbunova, 1964), and post-larval stages of H. coromandelensis. 
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