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The diversity of marine organisms is staggering, and this fact is readily appreciated 

by microscopic examination of the contents of a plankton net after a short tow 

across the ocean surface.  Although this diversity is beautiful, it can present a 

significant problem for those seeking to extract information about a single species of 

interest.  Enumeration of the eggs and larvae of a specific target species can provide 

a quantitative window into reproductive dynamics that are of great use for fisheries 

stock assessment and management.  But how do you efficiently sort through the 

mass of plankton and identify target species’ eggs and larvae that may be 

morphologically indistinguishable from those of a number of other local species?  In 

this issue of Molecular Ecology Resources, Oxley et al. (2017) describe an innovative 

in situ hybridization (ISH) approach that successfully solves this important problem 

and opens an exciting new avenue to ichthyoplankton analysis that may be widely 

adopted by both fish ecologists and fisheries managers. 



Plankton sampling is widely used to survey both the early life stages of the local fish 

fauna and the diversity of co-occurring predators and prey.  For fisheries studies, egg 

distributions can be especially useful in defining reproductive activity since the presence 

of eggs provides clear evidence of recent spawning and its approximate location.  A time 

series of such samples can provide insight into the effects of environmental variation on 

spawning of the resident species assemblage while also revealing reproductive activity of 

newly invasive species.  With proper identification of the organisms, the data are 

definitive (and sometimes actionable) for management entities. 

 

Unfortunately, the eggs and larvae of many marine taxa are difficult and sometimes 

impossible to accurately distinguish based on morphology.  To make full use of valuable 

ichthyoplankton samples, identification of fish eggs and larvae has increasingly turned to 

molecular approaches such as DNA barcoding.  As DNA sequence databases (such as the 

fish barcodes of life initiative or Fish-BOL) improve, the identification of individual eggs 

and larvae via species specific PCR (Hyde et al. 2005), PCR and sequencing (Richardson 

et al. 2007; Harada et al. 2015; Lin et al. 2016) or probe hybridization (e.g., Gleason and 

Burton 2012) has become increasingly routine.   These approaches, sometimes including 

robotic automation, can process hundreds to thousands of eggs, but since each egg or 

larvae is handled individually at the level of DNA extraction and sequencing, there are 

limits imposed by the costs of reagents and/or personnel.  

 

Although the egg-by-egg approach can provide the most complete species identification 

and enumeration, there are important applications of ichthyoplankton analysis that do not 



require full identification of all species in a sample.  Most common among such 

applications is "simple" enumeration of the eggs and larvae of a single (or few) target 

species - typically of commercial importance, but sometimes involving monitoring of an 

invasive.  Unfortunately, “simple” doesn't necessarily mean quick!  As noted above, 

plankton samples include a broad array of invertebrate meroplankton and holoplankton in 

addition to fish eggs and larvae, so sorting ichthyoplankton from the samples can be an 

arduous and consequently expensive task. Following sorting, target species identification 

can employ approaches such as species-specific PCR (Hyde et al. 2005) for identification 

without the expense of DNA sequencing. 

 

One such targeted application of ichthyoplankton surveys is the daily egg production 

method (DEPM) for biomass estimation of a specific species.  Developed for the 

estimation of anchovy biomass, the DEPM requires only a single day’s collection of eggs 

rather than previous techniques that called for months at sea collecting larvae (Lasker 

1985; Murua 2010). Rather than using larval abundance to determine spawning biomass, 

eggs are collected in a single day throughout the spawning area of a given species. They 

are then staged to estimate time and frequency of spawning (Parker 1985; Moser and 

Ahlstrom 1985; Lasker 1985).   In the case of anchovies, which have uniquely oval-

shaped eggs, the DEPM is straightforward: collect, sort, stage, and calculate. However if 

the species of interest has eggs and larvae that are morphologically indistinguishable 

from those of other species, the process becomes more challenging.  Identifying samples 

by barcoding typically requires destructive DNA extraction preventing subsequent 

staging.  The only option would be to stage all eggs prior to DNA extraction, an 



impractical and costly approach if eggs of the target species are a relatively small fraction 

of the ichthyoplankton. 

 

The new study by Oxley et al. (2017) presents an elegant solution to this problem. 

Because Snapper eggs and larvae, like those of many species, can’t reliably be identified 

morphologically, previous DEPM studies relied on morphological identification of eggs 

that has now been shown to be unreliable (Dias et al. 2016). To accurately identify eggs 

and larvae while still preserving them for later staging, Oxley et al. designed 

oligonucleotide probes for the mitochondrial 16S rRNA gene. The probes, which were 

conjugated to horseradish peroxidase (HRP), bind complementary sequence only found 

in Chrysophrys auratus, the targeted Snapper.  For hybridization to occur in intact 

ichthyoplankton, Oxley et al. found that SDS permeabilization was adequate to get probe 

into larvae.  Eggs proved to be substantially more difficult targets.   No chemical 

treatment successfully permeabilized the hardy chorion of the eggs and still permitted 

subsequent staging; only manual perforation of eggs with a fine needle allowed probe to 

enter eggs to successfully bind its target.  Following probe hybridization, addition of 

HRP substrate (3,3,5,5  tetramethylbenzidine) results in a brilliant blue color in C. 

auratus eggs and larvae.  Although the eggs still require individual handling, this in situ 

hybridization approach is both more efficient and much more accurate than tedious 

microscopic measurements of each egg. 

 

While this new study clearly has enormous benefits for Snapper stock assessment and 

fisheries management, the applications may be far-reaching.  Other fisheries that face a 



similar problem of co-occurring species with indistinguishable eggs and larvae can make 

use of this method by designing appropriate species-specific oligonucleotide probes.  

Furthermore, if there are multiple co-occurring species of interest, additional probes may 

be designed and conjugated to different enzyme/substrate combinations to produce 

distinctive color differences.  Once probes are developed, the method is cost-effective 

and relatively quick and does not require specialized equipment, meaning it can be 

readily applied at modest cost and could even be performed at sea!  Most importantly, it 

can encourage more researchers to take advantage of ichthyoplankton samples since 

species identification will no longer require extensive taxonomic training.  Coupled with 

this efficient, non-destructive species identification, ichthyoplankton surveys can provide 

important insights into an increasingly broad array of target species.  Measuring 

reproductive activity and estimating biomass (via the DEPM) will contribute to a better 

understanding of fishery stocks and aid in their management and conservation. 
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Figure legends: 

 

Top left: A typical ichthyoplankton sample comprising the eggs and larvae from a 

diversity of species collected from the gulf waters of southern Australia. 

 

Top right: Fish eggs from various species in different stages of embryonic development. 

 

Bottom: Species-specific identification of Snapper (Chrysophrys auratus) eggs using in 

situ hybridization (ISH). Scale bars = 1mm 

(Photo credit: A. Oxley, SARDI Aquatic Sciences Centre, South Australia) 



 




