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Abstract 

Teleost fishes show an enormous diversity of parental care, ranging from no care to 

viviparity with maternal provisioning of embryos. External brooders carry their 
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developing eggs attached to their bodies. This requires the formation of novel 

morphological structures to support attachment. The pelvic brooding ricefish Oryzias 

eversi evolved such a structure, called the “plug”. The plug anchors attaching 

filaments from the fertilized eggs inside the female reproductive system, allowing the 

female to carry the embryos until hatching. Using histological sections and µ-CT 

scanning, we show that the plug is formed by several types of interstitial cells, blood 

capillaries, and collagen fibrils that encapsulate the end of the attaching filaments in 

the anterior part of the gonoduct. Even 15 days after loss of the protruding attaching 

filaments, the plug remains. In addition, the developed plug contains multinucleated 

giant cells that are derived from fusing macrophages. We thus hypothesize that the 

ricefish plug, which is vital for egg attachment in O. eversi, evolved due to an 

inflammatory reaction. We assume that it forms similar to a foreign body granuloma, 

as a reaction to irritation or injury of the gonoduct epithelium by the attaching 

filaments. Our study further corroborates that pelvic brooding entails a complex set of 

adaptations to prolonged egg-carrying in the female reproductive system. During 

brooding, for instance, ovulation in the ovary is suppressed and the anterior part of the 

gonoduct is characterized by an intricate, recessed folding. 

 

Graphical Abstract 

 

In the pelvic brooding ricefish Oryzias eversi a unique transient structure, called the 

plug, forms in the anterior part of the gonoduct after spawning, anchoring the 

fertilized eggs to the female. Histological sections indicate that the formation of the 
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plug may be similar to a foreign body reaction, an inflammatory response. Changes of 

the ovary, the gonoduct or the papilla during brooding likely facilitate pelvic 

brooding.  

 

Keywords: Egg-attachment, inflammation, foreign body reaction, multinucleated 

giant cell, histology 

 

Research Highlights: In O. eversi an egg-attaching tissue called the plug that forms 

in the gonoduct involves an inflammatory response. Additional changes in the female 

reproductive system are hypothesized to be adaptations to pelvic brooding. 

 

1. INTRODUCTION 

Various animal species enhance their reproductive success by providing parental care 

(Gross, 2005; Kölliker, Smiseth, & Royle, 2012). Although teleost fishes show an 

impressive spectrum of parental care, the majority displays no caring behavior 

towards their progeny and in most cases of parental care, males guard deposited, 

fertilized eggs (Gross & Sargent, 1985; Sargent & Gross, 1986). Unstable 

environmental factors including fluctuating water levels, oxygen content, temperature, 

or predation pressure may select against stationary guarding especially in freshwater 

habitats (Baylis, 1981). In specific forms of parental care called “bearing”, fertilized 

eggs are carried, allowing the brooding parent to move freely and escape rough habitat 

conditions (Balon, 1975, 1981). 
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Bearing may be divided into internal (viviparity) and external (brooding), depending 

on whether the developing eggs are carried inside or outside the female reproductive 

system (Balon, 1975, 1981). In external brooding species, egg attachment is often 

linked to the evolution of specific morphological structures such as the brood pouch 

of male pipefishes and seahorses (Syngnathidae; Whittington & Friesen, 2020), the 

cotylephores of female ghost pipefishes (Solenostomidae; Wetzel & Wourms, 1995), 

the hook of the nurseryfish (Kurtus gulliveri; Berra & Humphrey, 2002), or the 

filaments of the male skin brooding anglerfish (Antennarius caudimaculatus; Pietsch 

& Grobecker, 1980). Unlike in other viviparous vertebrates, the embryos of 

viviparous teleosts develop in the ovary and not the female gonoduct (sometimes also 

referred to as oviduct, even though Müllerian ducts do not develop) (Campuzano-

Caballero & Uribe, 2014, 2017; Santamaría-Martín, Plaul, Campuzano-Caballero, 

Uribe, & Barbeito, 2021; Turner, 1947; Uribe, Cruz, Alarcón, Campuzano-Caballero, 

& Bárcenas, 2019). A unique brooding strategy, in which an egg-attachment structure 

develops inside the female gonoduct, evolved in some pelvic brooding ricefishes 

(Adrianichthyidae; Hilgers et al., 2022; Iwamatsu, Kobayashi, Sato, & Yamashita, 

2008). 

Ricefishes are a small group of freshwater fishes distributed from East to South and 

Southeast Asia (Hilgers & Schwarzer, 2019; Parenti, 2008). Female ricefishes carry 

the spawned, fertilized eggs attached to their body by long attaching filaments that 

protrude from the genital pore (Figure 1 A, B). The attaching filaments develop from 

the external zona pellucida (or chorion) of the eggs during oogenesis (Hart, Pietri, & 

Donovan, 1984; Iwamatsu et al., 2008; Iwamatsu, Ohta, Oshima, & Sakai, 1988; 

Laale, 1980). Most species of ricefishes are so-called transfer-brooders, as they 

deposit their eggs on plants or other substrates shortly after spawning (Balon, 1975). 
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In contrast, a derived brooding strategy called “pelvic brooding” evolved in some 

ricefishes endemic to freshwaters in Sulawesi, Indonesia (Kottelat, 1990; 

Mokodongan & Yamahira, 2015). Unlike in the transfer brooding species, the 

developing eggs of pelvic brooders stay attached to the female until the embryos 

hatch. Pelvic brooding has been described in three species (Oryzias eversi, O. 

sarasinorum and Adrianichthys oophorus), from two distantly related lineages 

(Herder, Hadiaty, & Nolte, 2012; Hilgers & Schwarzer, 2019; Kottelat, 1990; Parenti, 

2008). In O. eversi and O. sarasinorum, the so-called plug, a unique, transient 

structure forms around the end of the attaching filaments after spawning and anchors 

the eggs to the female (Figure 1C) (Hilgers et al., 2022; Iwamatsu et al., 2008). 

Knowledge of formation and degeneration of the ricefish plug is so far restricted to a 

single study, conducted on O. sarasinorum (see Iwamatsu et al., 2008). In that 

species, the attaching filaments, mucus, collagen fibrils, cells that were identified as 

epithelial (interstitial) cells and blood vessels form a compact plug after spawning. 

Degeneration of the slightly shrunken plug starts after hatching and females are able 

to spawn again (Iwamatsu et al., 2007, 2008). Surprisingly, the first histological 

sections and transcriptomic data of brooding O. eversi indicated that the formation of 

the plug may have been triggered by a modified immune response (Hilgers et al., 

2022). Thus, understanding how the plug in O. eversi is formed, which cells are 

involved, and which changes of the female reproductive system are necessary, is 

crucial. 

Pelvic brooding is correlated with several morphological modifications including the 

formation of a ventral body concavity and elongated pelvic fins (Herder et al., 2012; 

Iwamatsu et al., 2008; Spanke et al., 2021). Still, changes in the reproductive system 

are barely identified as most knowledge about the morphology of the reproductive 
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system of ricefishes is based on the O. latipes species complex, the medaka, a famous 

teleost fish model system (Hilgers & Schwarzer, 2019; Iwamatsu, 2015; Iwamatsu, 

Oda, Kobayashi, Parenti, & Kobayashi, 2020; Nakamura, Kobayashi, Nishimura, 

Higashijima, & Tanaka, 2010; Robinson & Rugh, 1943; Suzuki & Shibata, 2004; 

Yamamoto & Suzuki, 1995).  

The aim of the present study is to describe the morphology and formation of the 

ricefish plug and to document cell types involved in plug formation in the pelvic 

brooding ricefish O. eversi. For this, we used µ-computed tomography (µ-CT) scans 

and histological sections of seven representative time points of the female 

reproductive cycle of O. eversi. We further described general changes in the 

reproductive system of female ricefishes during brooding and set our data in context 

with data from other ricefish species. 

2. MATERIAL AND METHODS 

2.1 Animal keeping and sampling 

Mature, captivity bred Oryzias eversi Herder, Hadiaty & Nolte, 2012 were maintained 

in aquaria (23–27°C, 11.5–12.5h illumination, size: 40cm x 50cm x 30cm or 100cm x 

30cm x 45cm) at the Museum Koenig in Bonn, Germany. Ricefish stocks date back to 

animals caught in Sulawesi, Indonesia in 2012. All specimens and tissues were 

sampled as permitted by the Landesamt für Natur, Umwelt und Verbraucherschutz 

(§11 Abs. 1Nr 1b, 8a and 8d TierSchG). To observe the formation of the plug and the 

changes in the reproductive system, 15 females were individually separated in 

modified net spawning boxes after spawning and sampled at seven representative 

points of the reproductive cycle. Three females each were collected at one day after 

spawning (T1), seven days after spawning (T2), one day after hatching of all eggs 

(T3), and three days after the loss of the protruding attaching filaments (T4). 
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Additionally, one female was sampled at six days after the loss of the protruding 

attaching filaments (T5), nine days after the loss of the protruding attaching filaments 

(T6), and fifteen days after the loss of the protruding attaching filaments (T7). All 

females were euthanized in 0.5 % Tricaine mesylate and fixed in either Bouin’s 

fixative (Bouin–Hollande) or 4%-Paraformaldehyde (PFA). During this process the 

egg bundle of one female (No. 2) sampled one day after spawning fell off. 

Supplementary online material, Table 1 provides details of the collection, the fixation, 

and disposition of each specimen.  

2.2 Histology 

For histology, sampled specimens of the first four time points (T1–T4) were used. 

After decalcification in 10%-ethylenediaminetetraacetic acid (EDTA) in the 

refrigerator for 7 days, each female was trimmed with a razor blade, removing the 

head in front of the pectoral fins and the caudal region anterior to the anal fin. The 

remaining bodies were manually dehydrated in an ascending alcohol series (80%, 

90%, 96%, 100%), cleared in methylbenzoate and butanol, infiltrated with paraffin 

wax (Histosec®pastilles (without DMSO)) and finally embedded in paraffin blocks. 

Subsequently, each block was cut into 5µm thick longitudinal sections with a rotary 

microtome with a water tub (Leica, HistoCore NANOCUT R). The sections were 

mounted on glass slides, the paraffin removed, and the sections stained with a 

trichromatic Masson–Goldner stain (light green). Covered slides were observed and 

photographed using a ZEISS AxioCam “HRC” coupled to a ZEISS microscope (Axio 

Imager.Z2m). Some images were stacked using the software Zerene Stacker
TM

 

(Version 1.04) and the final figure plates were assembled with the vector graphics 

editor Affinity Designer (Version 1.5.3.69). 

2.3 µ-CT scanning 
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For µ-CT scanning, the sampled specimens of the last three time points (T5–T7) were 

used. First, the specimens were stained with 1% phosphotungstic acid (PTA) for two 

weeks. Then, all specimens were washed and transferred into plastic tubes filled with 

70% ethanol. To stabilize the fish during scanning, small pieces of polystyrene were 

added. The abdomen of the specimens was scanned with a Bruker Skyscan 1173 

computer topographer with an energy ranging between 40 to 85kV and 89 to 114µA. 

Supplementary Table 2 provides details for each scan. The scans were analyzed and 

visualized with Amira (Thermofisher, Version 6.5.0).  

3. RESULTS 

3.1 Structure of the reproductive system of female Oryzias eversi  

The ovary of the pelvic brooder O. eversi is an unpaired, sac-like organ in the 

posterior part of the body cavity (Figure 2). It consists of the ventral stromal 

compartment, the germinal epithelium, and the dorsal ovarian cavity, and is 

surrounded by the ovarian wall. The germinal cradles are located between the 

epithelial cells of the germinal epithelium and the bordering stromal compartment. 

The stromal compartment contains various stages of developing oocytes, all 

connected to the germinal epithelium at one side and via follicular stalks to the 

abdominal ovarian rete on the other side. Thus, the ovary of O. eversi is an 

asynchronous-type. Smaller oocytes were typically in clusters in the peripheral region 

of the ovary, whereas larger, vitellogenic oocytes tended to be in the middle. In 

growing oocytes, oil droplets, yolk vesicles, and filaments on the zona pellucida (egg 

envelope or chorion) were produced. The gonoduct, connecting the ovarian cavity 

with the genital opening, consists of an anterior (gonoduct lumen) and a posterior 

(genital cavity) part (Figure 2). The gonoduct lumen is formed by the continuing 

ovarian wall and characterized by the absence of the germinal epithelium. Several 
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mucosal folds and a reduction of the lumen characterize the end of the anterior part 

(Figure 3A). In contrast, the genital cavity is formed by the invaginated epidermis 

opening up to the anterior gonoduct lumen. A sphincter-like structure, composed of 

muscle fibers and connective tissue, supports both parts of the gonoduct (Figure 2). 

The gonoduct and the genital opening are completely separated from the urinary duct 

and its opening. The anus is located at the anterior part of the genital papilla. In all 

individuals the papilla was a pronounced protuberance composed of an outer stratified 

epithelium and an inner vascularized medulla (Figures 2, 3H).  

3.2 Changes in the female reproductive system over the course of brooding 

Over the course of the different brooding stages, several changes were observed in the 

reproductive system of female O. eversi (Figure 3). First, it was noticeable that the 

composition of oocyte stages in the stromal compartment of the ovary varied between 

specimens, especially between specimens of different representative time points 

(Figure 3A, B). One day after spawning, the ovary was still filled with huge, yolk-rich 

oocytes (Figure 3A) or large atretic follicles. In contrast, after the loss of the attaching 

filaments, in one specimen, no vitellogenic and mature oocytes were present at all 

(Figure 3B). Besides that, one major change occurred in the structure of the wall 

forming the gonoduct lumen. During brooding the wall was characterized by an 

intricate, recessed folding (Figures 3C, 4A, 5A), while after hatching of the embryos it 

was straight (Figures 3D, 6A, 7A). This obvious change of the wall was 

complemented by micro-anatomical modifications (Figure 3C, D). The first layer of 

the ovarian wall was an inner single epithelial layer, while the second and thickest 

layer of the ovarian wall was the tunica albuginea. The tunica albuginea was 

composed of loose and dense connective tissue fibers as well as smooth muscle cells 

and is divided into two sub layers. The muscle cells of the inner sub layer seemed to 
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run longitudinally, whereas the muscle cells of the outer sub layer seemed to run 

circularly. The tunica albuginea was traversed by blood vessels. In particular during 

the brooding stages, the luminal epithelium and the tunica albuginea of the ovarian 

wall were thickened (Figure 3C). The columnar, ciliated epithelial cells were 

elongated and longer than wide. In contrast, at the non-brooding time points, a thin 

tunica albuginea was covered for the most part with a simple, thin layer of cuboidal 

epithelial cells (Figure 3D). In contrast, the stratified epithelium lining the genital 

cavity, the posterior part of the gonoduct, appeared to be thinner and more invaginated 

(Figure 3E) during brooding stages than during non-brooding stages (Figure 3F). 

Finally, the structure of the outer stratified epithelium of the genital papilla changed 

noticeably. The epidermis of the papilla of most females of the first two time points 

displayed deep invaginations (Figure 3G, arrows), whereas the epidermis of the 

papilla of females of the later time points was straight (Figure 3H). 

3.3 Formation of the ricefish plug 

Over the course of pelvic brooding, a compact egg-anchoring tissue forms in the 

reproductive tract of female O. eversi. On the first day after spawning (Figure 4) the 

ends of the attaching filaments were located primarily within the gonoduct lumen 

between intricate, recessed protuberances of the ovarian wall (Figure 4A). The 

filaments were loosely entangled within each other and several interstitial cells 

(Figure 4B) and/or a non-cellular greyish mass, probably mucus (Figure 4C). The 

interstitial cells were unevenly distributed and had a similar coloration as the 

epithelial cells of the anterior part of the gonoduct, a round cell nucleus as well as a 

roundish shape. Some cells were bigger and their cell membrane was clearly visible 

(Figure 4E), whereas smaller cells were grouped together along the filaments (Figure 

4F). In the region of the mucosal folds, the attaching filaments punctured the 
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gonoduct epithelium and pierced the connective tissue underneath (Figure 4D). A few 

scattered red blood cells were also observed in the gonoduct lumen. The exception to 

this was specimen 2 (in which the egg bundle fell off); here the gonoduct lumen was 

mostly empty with the exceptions of a few scattered cells (Figure 3A).  

Seven days after spawning (Figure 5), the ends of the attaching filaments and several 

interstitial cells were still entangled between the protuberances of the ovarian wall in 

the anterior part of the gonoduct. The developing plug tissue was denser as the 

number of interstitial cells increased (Figure 5A). Most interstitial cells had the same 

appearance as one day after spawning. Some of these cells seemed to start to fuse 

together as indicated by the presence of multiple cell nuclei (Figure 5B, arrow). Also, 

several thinner and elongated interstitial cells appear to surround the plug tissue along 

the outermost filaments (Figure 5C). The plug tissue was still mostly separated from 

the gonoduct. Blood capillaries entered and traversed the plug in the region of the 

mucosal folds (Figure 5D). The capillaries appeared to develop from the surrounding 

sphincter-like structure presumably at injured sites of the gonoduct epithelium. The 

number of interstitial cells, mucus and blood capillaries varied greatly among the 

three specimens. 

One day after the hatching of the fertilized eggs (Figure 6), the entangled mass of 

attaching filaments, interstitial cells, and blood cells formed a compact plug-like 

structure in the anterior part of the gonoduct (Figure 6A). At this time point, the 

ovarian wall was thinner, straight and no longer folded. The attaching filaments were 

still present, protruded out of the genital opening, but were no longer continuous. In 

addition, the posterior part of the plug was fused to the inner wall of the anterior part 

of the gonoduct, the region of the mucosal folds. Blood capillaries traversed not only 

the fused region of the plug but also the anterior region. Moreover, collagen fibrils 
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and multinucleated giant cells were observed (Figure 6B, C). The appearance of the 

multinucleated giant cells varied from containing many unarranged cell nuclei to a 

few, arranged cell nuclei. In one specimen, the tissue of the plug extended from the 

gonoduct lumen into the ovarian cavity (lumen between the germinal epithelium and 

the ovarian wall; Figure 6D) and encapsulated the remains of two ovulated but not 

spawned oocytes. 

3.3 Degeneration of the plug 

The first sign of degeneration of the plug was recorded one day after the hatching of 

the fertilized eggs. Between the filaments passing through the posterior part of the 

gonoduct, loose interstitial cells were present (Figure 6A). Three days after the loss of 

the filaments (Figure 7A–C), the plug-like structure was still compact, but was 

slightly detached from the inner wall of the anterior part of the gonoduct (Figure 7A). 

At this time point, the plug was more funnel-shaped and accumulations of light red 

thin, threads could be observed inside (Figure 7B, arrow). Blood vessels, collagen 

fibrils and multinucleated giant cells were still present. Most interstitial cells forming 

the developed plug resembled the surrounding epithelial cells in color of stain. The 

border between the interstitial cells forming the plug and the subsequent epithelial 

cells of the posterior part of the gonoduct was clearly recognizable (Figure 7C, short 

arrows). Six, nine and even fifteen days after loss of the protruding attaching 

filaments, the plug was still present. The plug does not seem to have reduced 

noticeably in size (Figure 7D). Over time, the connection of the plug with the wall of 

the anterior part of the gonoduct was decreasing and fifteen days after the loss of the 

attaching filaments barely recognizable (Figure 7D). A further possible degeneration 

of the plug or a change of its structure could not be detected by the µ-CT scans. 

4. DISCUSSION 
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Our results confirm that the major difference in the morphology of the female 

reproductive system between pelvic brooders such as O. eversi and O. sarasinorum 

and transfer brooders such as O. latipes is the formation of a plug-like structure that 

anchors the attaching filaments of the fertilized eggs in the gonoduct until the 

embryos hatch (Iwamatsu et al., 2008). The general morphology of the ovary, the 

gonoduct, and the genital papilla of the pelvic brooder O. eversi is similar to that of 

the transfer brooder O. latipes (see Iwamatsu, 2015; Iwamatsu et al., 2020; Nakamura 

et al., 2010; Robinson & Rugh, 1943; Suzuki & Shibata, 2004; Yamamoto & Suzuki, 

1995). Alterations such as the recessed and intricate folding of the ovarian wall and 

the suppression of oocyte maturation are hypothesized to be adaptations for pelvic 

brooding.  

4.1 Oocyte maturation in the ovary 

Our results indicate a change of composition of oocytes stages in the ovary of O. 

eversi, most likely suppressed maturation during brooding. Likewise in the pelvic 

brooders O. sarasinorum and A. oophorus oocyte maturation is suppressed during 

brooding, as spawning is not possible (Gundo, Rahardjo, Batu, & Hadie, 2016; 

Gundo, Rahardjo, Lumban Batu, & Hadie, 2013; Iwamatsu et al., 2007). A reduced 

breeding frequency is a common cost for the brooding parent (Smith & Wootton, 

1995). However, the mechanisms of suppression of oocyte maturation in pelvic 

brooding ricefishes are still unknown. For O. sarasinorum, it is assumed that the plug 

may inhibit oogenesis similar to several viviparous fishes, in which oogenesis is 

suppressed by the presence of the embryos (Iwamatsu et al., 2008; Turner, 1937). In 

O. latipes, oocyte maturation is under endocrine hormone control. For instance, 

hypophysectomy and the administration of sex steroids results in a blockage of oocyte 

maturation (Iwamatsu, 1978; Iwamatsu & Akazawa, 1987). In addition, gonadotropin-
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stimulated granulosa cells play a major role in inducing oocyte maturation (Iwamatsu, 

1980). Furthermore, analyses of the blood of daily spawning female O. latipes 

revealed diurnal changes of the concentration of 17β-Estradiol, which regulates the 

expression of a follicle-stimulating hormone (Kayo, Oka, & Kanda, 2020). We 

assume it is likely that endocrine hormone control also alters oocyte maturation in 

pelvic brooding species and that the presence of the plug and/or the developing 

embryos influences the timing of their development, but this needs further 

investigation. 

4.2 Changes in structure of the gonoduct may facilitate pelvic brooding 

The gonoduct of female O. latipes is tubular, non-glandular, and so far, unique among 

teleosts, as it consists of an anterior and a posterior part which develop separately 

(Suzuki & Shibata, 2004). Our data confirm that the posterior part of the gonoduct of 

female O. eversi is not formed by the ovarian wall, but, instead, by a stratified 

epithelium. This might not only protect the connective tissue underneath, but also 

prevents the plug from forming here. During brooding, the intricate recesses of the 

anterior part of the gonoduct of O. eversi together with the inner columnar epithelial 

cells may be beneficial to hold onto the filaments until the plug is formed. In O. 

latipes, microanatomical changes of the ovarian wall are only reported for the ovarian 

cavity and here the main function of the inner epithelial cells is secretion to facilitate 

the extrusion of the eggs (Takano, 1968; Yamamoto, 1963). We also observed a 

strong sphincter-like musculature of the gonoduct and mucosal folds in female O. 

eversi which may also help to keep the filaments inside the body during plug 

formation. Mucosal folds are so far only reported for viviparous species in which they 

reduce the gonoduct lumen (Campuzano-Caballero & Uribe, 2014; Santamaría-Martín 

et al., 2021). Likewise, a musculature surrounding the gonoduct seems not to be 
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present in many teleost species (Uematsu & Hibiya, 1983). Histological data on the 

gonoduct morphology of further ricefish species will shed light on the evolution of 

modified gonoduct structures in pelvic brooding.  

4.3 The genital papilla of female Oryzias eversi 

In O. eversi, the genital papilla is a female-positive sex-character and, as in all pelvic 

brooding ricefish species, single lobed (Herder et al., 2012; Parenti, 2008). Form and 

size differences between male and female papillae are described for many species of 

ricefish (Magtoon & Termvidchakorn, 2009; Mandagi, Mokodongan, Tanaka, & 

Yamahira, 2018; Parenti & Hadiaty, 2010; Parenti, Hadiaty, Lumbantobing, & 

Herder, 2013), but only for O. latipes is it reported that the female papilla grows 

during the breeding season (Yamamoto & Suzuki, 1995). Our histological sections 

indicate that in female O. eversi the main change over the course of the reproductive 

cycle relates to the structure of the stratified epithelium, which especially after 

spawning displayed deep invaginations. We thus assume that the invaginations may 

facilitate egg-carrying until the plug is formed. There are several examples from other 

teleost fishes with female oviposition-specific papilla modifications (Castro, 

Gonzales, & Camacho, 2019; Cole & Parenti, 2021; Martin & Page, 2015). In species 

of the live-bearing poeciliid Gambusia, epidermis folds of the papilla function as a 

guiding structure for the uptake of sperm bundles (Greven, 2005).  

4.4 Is the formation of the ricefish plug in Oryzias eversi a foreign body reaction? 

The ricefish plug is a transient tissue in the female reproductive tract enabling the 

female to carry the fertilized eggs until hatching. We investigated how during 

brooding the attaching filaments become encapsulated and thus anchored in the 

gonoduct. Tissue-specific transcriptome data of O. eversi indicate that this reaction 

might be a modified immune response (Hilgers et al., 2022). Hence, we hypothesize 
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that the formation of the plug is based on a foreign body reaction. A foreign body 

reaction is a chronic inflammatory response to foreign bodies such as splinters, 

prostheses or dermal fillers, which are too large to be phagocytized and thus become 

encapsulated (Coleman, King, & Andrade, 1974; Lee & Kim, 2015). Besides the size, 

shape or chemical components of the foreign body, its movement may also trigger the 

immune system (Coleman et al., 1974; Veiseh et al., 2015). The attaching filaments, 

or the remains of the ovulated egg inside the ovarian cavity, are not true “foreign 

bodies”, as they have a maternal origin (Iwamatsu et al., 1988), but they could 

provoke a similar reaction through mechanical stimulation or injury of the gonoduct 

wall (Hilgers et al., 2022). If the plug still is, or has been derived from, a foreign body 

granuloma, the interstitial cells are likely epithelioid cells, derivatives of macrophages 

(cells of the immune system) forming an epithelioid tissue, which resembles epithelial 

tissue (Ross & Pawlina, 2011). In teleosts, epithelioid cells also have epithelial cell 

characteristics, which reinforces their striking resemblance (Noga, Dykstra, & Wright, 

1989). There are only a few types of multinucleated giant cells, which differ in 

appearance, formation, and function (Anderson, 2000; Aterman, Remmele, & Smith, 

1988; Brodbeck & Anderson, 2009). Both the foreign body and the Langhans’ giant 

cells are characteristic of a macrophage lineage (Okamoto, Mizuno, & Horio, 2003). 

Thus, the presence of multinucleated giant cells in the plug of O. eversi further 

supports our foreign body reaction theory. It has already been demonstrated that the 

formation of multinucleated giant cells and thus the foreign body reaction in teleost 

fishes is similar to those observed in mammals and that a granuloma includes 

epithelioid type cells and foreign body giant cells (Manrique, Figueiredo, Belo, 

Martins, & Moraes, 2017; Secombes, 1985). Specifically, in the pacu, Piaractus 

mesopotamicus (Serrasalmidae) and the zebrafish, Danio rerio (Cyprinidae) 

implanted coverslips induced the formation of foreign body giant cells and Langhans’ 
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giant cells (Belo et al., 2021; Belo et al., 2005; Gurevich, French, Collin, Cross, & 

Martin, 2020). Hence, our results support the assumption that the ricefish plug may be 

one of few examples of a stress-induced evolutionary innovation (Hilgers et al., 2022; 

Wagner, Erkenbrack, & Love, 2019).  

4.5 When is the plug lost in Oryzias eversi? 

In contrast to transfer brooding ricefish species, pelvic brooding females do not spawn 

every morning. Female O. sarasinorum spawn again shortly after hatching of the 

embryos, presumably after the plug is lost (Iwamatsu et al., 2008). Accordingly, it 

seems that the plug degenerates within a few days. Surprisingly, our µ-CT scans show 

that in O. eversi the plug is still present even fifteen days after the loss of the 

(externally visible) filaments. Therefore, we assume that the plug might not only be 

responsible for anchoring the fertilized eggs during brooding, but also for closing the 

gonoduct opening and thus preventing an internal infection e.g., of the ovary. Perhaps 

the plug will be extruded with the next spawning event and does not degenerate at all.  

4.6 General differences among pelvic brooding species 

In all three pelvic brooding species of ricefishes, the developing eggs remain attached 

to the female via long attaching filaments. In O. eversi and O. sarasinorum, the 

filaments are anchored in the plug, which is formed during brooding (Hilgers et al., 

2022; Iwamatsu et al., 2008). However, minor differences are obvious in the 

description of plug formation in O. sarasinorum, such as the location (ovarian cavity 

versus gonoduct), the identification of the interstitial cells as epithelial cells, or the 

description of the urogenital pore in O. sarasinorum (see Iwamatsu et al., 2008) 

versus a genital opening completely separated from the urinary duct and its opening in 

O. eversi. It also appeared striking to us that no multinucleated giant cells are reported 

for the plug of O. sarasinorum, typical for a foreign body granuloma. Different 
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formations of the plug between the two congeners are unlikely, yet possible. It was 

also reported that the plug of O. sarasinorum degenerates and is released within five 

days after hatching (Iwamatsu et al., 2008). We thus scanned a female of this species 

five days after hatching and found that the plug was still present, which challenges the 

hypothesis that there are strong differences between the two species at least in this 

regard. In the third species of pelvic brooder, A. oophorus, the attachment structure 

inside the female reproductive system is unknown, yet the attaching filaments seem to 

emerge from the ovary (Gundo et al., 2013). Additional histological studies, including 

of A. oophorus, are therefore necessary to further understand the evolution of the 

ricefish plug and of pelvic brooding. 

5. Conclusions 

This study supports the hypothesis that the formation of the plug, a novel attachment 

structure in pelvic brooding ricefishes, is based on an inflammatory response. The 

plug is a unique transient tissue that grows in the anterior part of the gonoduct of 

female O. eversi, develops during brooding and anchors the fertilized eggs to the 

female. We hypothesize that the formation of the plug is similar to a foreign body 

reaction triggered by the retention of attaching filaments and that macrophages were 

released after spawning into the gonoduct to phagocytize the filaments. The 

epithelioid cells are activated macrophages forming a tissue that resembles a foreign 

body granuloma (i.e., the plug) around the filaments (the foreign body). The presence 

of multinucleated giant cells confirms this. Structural changes of the ovarian wall, the 

papilla, or the gonoduct and an interruption of oocyte maturation likely facilitate 

prolonged egg-carrying in the pelvic brooding species Oryzias eversi.  

 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
References  

Anderson, J. M. (2000). Multinucleated giant cells. Current Opinion in Hematology, 7, 40–47. 

https://doi.org/10.1097/00062752-200001000-00008 

Aterman, K., Remmele, W., & Smith, M. (1988). Karl Touton and his” Xanthelasmatic giant cell” A selective 

review of multinucleated giant cells. The American Journal of Dermatopathology, 10(3), 257–269. 

Balon, E. K. (1975). Reproductive Guilds of Fishes: A Proposal and Definition. Journal of the Fisheries Board of 

Canada. https://doi.org/S0967-5868(12)00647-9 [pii]\r10.1016/j.jocn.2012.09.026 

Balon, E. K. (1981). Additions and amendments to the classification of reproductive styles in fishes. 

Environmental Biology of Fishes, 6, 377–389. 

Baylis, J. R. (1981). The evolution of parental care in fishes, with reference to Darwin’s rule of male sexual 

selection. Environmental Biology of Fishes, 6(2), 223–251. https://doi.org/10.1007/BF00002788 

Belo, M. A. A., Oliveira, M. F., Oliveira, S. L., Aracati, M. F., Rodrigues, L. F., Costa, C. C., … Charlie-Silva, I. 

(2021). Zebrafish as a model to study inflammation: A tool for drug discovery. Biomedicine and 

Pharmacotherapy, 144. https://doi.org/10.1016/j.biopha.2021.112310 

Belo, M. A. A., Schalch, S. H. C., Moraes, F. R., Soares, V. E., Otoboni, A. M. M. B., & Moraes, J. E. R. (2005). 

Effect of dietary supplementation with vitamin E and stocking density on macrophage recruitment and giant 

cell formation in the teleost fish, Piaractus mesopotamicus. Journal of Comparative Pathology, 133, 146–

154. https://doi.org/10.1016/j.jcpa.2005.04.004 

Berra, T. M., & Humphrey, J. D. (2002). Gross anatomy and histology of the hook and skin of forehead brooding 

male nurseryfish, Kurtus gulliveri, from northern Australia. Environmental Biology of Fishes, 65, 263–270. 

https://doi.org/10.1023/A:1020523905635 

Brodbeck, W. G., & Anderson, J. M. (2009). Giant cell formation and function. Current Opinion in Hematology. 

https://doi.org/10.1097/MOH.0b013e32831ac52e 

Campuzano-Caballero, J. C., & Uribe, M. C. (2014). Structure of the female gonoduct of the viviparous teleost 

Poecilia reticulata (Poeciliidae) during nongestation and gestation stages. Journal of Morphology, 275, 

247–257. https://doi.org/10.1002/jmor.20200 

Campuzano-Caballero, J. C., & Uribe, M. C. (2017). Functional morphology of the gonoduct of the viviparous 

teleost Poeciliopsis gracilis (Heckel, 1848) (Poeciliidae). Journal of Morphology, 00, 1–9. 

https://doi.org/10.1002/jmor.20738 

Castro, J. M. C., Gonzales, J. C. B., & Camacho, M. V. C. (2019). Sexual dimorphism of invasive knifefish 

(Chitala ornata) in Laguna de bay, Philippines. Philippine Journal of Systematic Biology, 13(1), 105–111. 

https://doi.org/10.26757/pjsb2019a13011 

Cole, K. S., & Parenti, L. R. (2021). Gonad morphology of Rhyacichthys aspro (Valenciennes, 1837), and the 

diagnostic reproductive morphology of gobioid fishes, (August), 1–18. https://doi.org/10.1002/jmor.21440 

Coleman, D. L., King, R. N., & Andrade, J. D. (1974). The foreign body reaction: A chronic inflammatory 

response. Journal of Biomedical Materials Research, 8, 199–211. https://doi.org/10.1002/jbm.820080503 

Greven, H. (2005). Structural and behavioral traits associated with sperm transfer in Poeciliinae. In Viviparous 

fishes (pp. 147–165). 

Gross, M. R. (2005). The evolution of parental care. The Quarterly Review of Biology, 80(1), 37–45. 

Gross, M. R., & Sargent, R. C. (1985). The Evolution of Male and Female Parental Care in Fishes. American 

Zoologist, 25, 807–822. 

Gundo, M. T., Rahardjo, M. F., Batu, D. T. F. L., & Hadie, W. (2016). Reproductive Characteristics of Female 

Egg-carrying Buntingi, Xenopoecilus oophorus, an Endemic Fish to Lake Poso in Central Sulawesi. Makara 

Journal of Science. https://doi.org/10.7454/mss.v20i2.5952 

Gundo, M. T., Rahardjo, M. F., Lumban Batu, D. T. F., & Hadie, W. (2013). Dimorfisme seksual dan 

mikroanatomi ovarium ikan endemik rono (Adrianichthys oophorus, Kottelat 1990) di Danau Poso Sulawesi 

Tengah [Sexual dimorphism and ovarian microanatomy of the endemic eggcarrying buntingi Adrianichthys 

oophorus, Kottelat 1990 in Lake Poso, Central Sulawesi]. Jurnal Iktiologi Indonesia, 13(1), 55–65. 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
Gurevich, D. B., French, K. E., Collin, J. D., Cross, S. J., & Martin, P. (2020). Live imaging the foreign body 

response in zebrafish reveals how dampening inflammation reduces fibrosis. Journal of Cell Science, 133. 

https://doi.org/10.1242/jcs.236075 

Hart, N. H., Pietri, R., & Donovan, M. (1984). The structure of the chorion and associated surface filaments in 

Oryzias—evidence for the presence of extracellular tubules. Journal of Experimental Zoology, 230(2), 273–

296. https://doi.org/10.1002/jez.1402300213 

Herder, F., Hadiaty, R. K., & Nolte, A. W. (2012). Pelvic-fin brooding in a new species of riverine ricefish 

(Atherinomorpha: Beloniformes: Adrianichthyidae) from Tana Toraja, Central Sulawesi, Indonesia. The 

Raffles Bulletin of Zoology, 60(2), 467–476. 

Hilgers, L., Roth, O., Nolte, A. W., Schüller, A., Spanke, T., Flury, J. M., … Schwarzer, J. (2022). Inflammation 

and convergent placenta gene co-option contributed to a novel reproductive tissue. Current Biology, 32(3), 

715–724. 

Hilgers, L., & Schwarzer, J. (2019). The untapped potential of medaka and its wild relatives. ELife, 8(e46994), 1–

14. https://doi.org/10.7554/eLife.46994 

Iwamatsu, T. (1978). Studies on oocyte maturation of the medaka, Oryzias latipes VI. Relationship between the 

circadian cycle of oocyte maturation and activity of the pituitary gland. Journal of Experimental Zoology, 

206, 355–364. https://doi.org/10.1002/jez.1402040311 

Iwamatsu, T. (1980). Studies on oocyte maturation of the medaka, Oryzias latipes VIII. Role of follicular 

constituents in gonadotropin‐ and steroid‐induced maturation of oocytes in vitro. Journal of Experimental 

Zoology, 211(2), 231–239. https://doi.org/10.1002/jez.1402110212 

Iwamatsu, T. (2015). Growth of the medaka (IV) – Dynamics of oocytes in the ovary during metamorphosis. 

Bulletin of Aichi University of Education, 64, 37–46. 

Iwamatsu, T., & Akazawa, Y. (1987). Effects of hypophysectomy and sex steroid administration on development 

of the ovary in Oryzias latipes. The Bulletin of Aichi University of Education, 36, 63–87. 

Iwamatsu, T., Kobayashi, H., Sato, M., & Yamashita, M. (2008). Reproductive role of attaching filaments on the 

egg envelope in Xenopoecilus sarasinorum (Adrianichthyidae, Teleostei). Journal of Morphology, 269, 

745–750. https://doi.org/10.1002/jmor.10620 

Iwamatsu, T., Kobayashi, H., Shibata, Y., Sato, M., Tsuji, N., & Takakura, K. (2007). Oviposition cycle in the 

oviparous fish Xenopoecilus sarasinorum. Zoological Science, 24(11), 1122–1127. 

Iwamatsu, T., Oda, S., Kobayashi, H., Parenti, L. R., & Kobayashi, Y. (2020). Shift of the vegetal pole area of full-

grown oocytes toward the ovulatory site of the ovary in the medaka fish, Oryzias latipes (Beloniformes: 

Adrianichthyidae). Biological Bulletin, 238, 80–88. https://doi.org/10.1086/708304 

Iwamatsu, T., Ohta, T., Oshima, E., & Sakai, N. (1988). Oogenesis in the medaka Oryzias latipes —Stages of 

oocyte development. Zoological Science, 5, 353–373. 

Kayo, D., Oka, Y., & Kanda, S. (2020). Examination of methods for manipulating serum 17β-Estradiol (E2) levels 

by analysis of blood E2 concentration in medaka (Oryzias latipes). General and Comparative 

Endocrinology, 285(August 2019), 113272. https://doi.org/10.1016/j.ygcen.2019.113272 

Kölliker, M., Smiseth, P. T., & Royle, N. J. (2012). The evolution of parental care. In The Princeton Guide to 

Evolution (pp. 663–670). 

Kottelat, M. (1990). Synopsis of the endangered Buntingi (Osteichthyes: Adrianichthyidae and Oryziidae) of Lake 

Poso, Central Sulawesi, Indonesia, with a new reproductive guild and descriptions of three new species. 

Ichthyological Exploration of Freshwaters, 1(1), 49–67. 

Laale, H. W. (1980). The perivitelline space and egg envelopes of bony fishes: A review. Copeia, 1980(2), 210–

226. https://doi.org/10.2307/1443999 

Lee, J. M., & Kim, Y. J. (2015). Foreign body granulomas after the use of dermal fillers: Pathophysiology, clinical 

appearance, histologic features, and treatment. Archives of Plastic Surgery, 42, 232–239. 

https://doi.org/10.5999/aps.2015.42.2.232 

Magtoon, W., & Termvidchakorn, A. (2009). A revised taxonomic account of ricefish Oryzias (Beloniformes; 

Adrianichthyidae), in Thailand, Indonesia and Japan. The Natural History Journal of Chulalongkorn 

University, 9(1), 35–68. 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
Mandagi, I. F., Mokodongan, D. F., Tanaka, R., & Yamahira, K. (2018). A new riverine ricefish of the genus 

Oryzias (Beloniformes, Adrianichthyidae) from Malili, Central Sulawesi, Indonesia. Copeia, 106(2), 297–

304. https://doi.org/10.1643/CI-17-704 

Manrique, W. G., Figueiredo, M. A. P., Belo, M. A. A., Martins, M. L., & Moraes, F. R. (2017). Chronic 

granulomatous inflammation in teleost fish Piaractus mesopotamicus: Histopathology model study. Revista 

Mvz Córdoba, 22(1), 5738–5746. https://doi.org/10.21897/rmvz.933 

Martin, Z. P., & Page, L. M. (2015). Comparative morphology and evolution of genital papillae in a genus of 

darters (Percidae: Etheostoma). Copeia, 103(1), 99–124. https://doi.org/10.1643/CI-14-081 

Mokodongan, D. F., & Yamahira, K. (2015). Origin and intra-island diversification of Sulawesi endemic 

Adrianichthyidae. Molecular Phylogenetics and Evolution, 93, 150–160. 

https://doi.org/10.1016/j.ympev.2015.07.024 

Nakamura, S., Kobayashi, K., Nishimura, T., Higashijima, S., & Tanaka, M. (2010). Identification of germline 

stem cells in the ovary of the teleost medaka. Science, 328, 1561–1563. 

https://doi.org/10.1126/science.1185473 

Noga, E. J., Dykstra, M. J., & Wright, J. F. (1989). Chronic inflammatory cells with epithelial cell characteristics 

in teleost fishes. Veterinary Pathology, 26, 429–437. 

Okamoto, H., Mizuno, K., & Horio, T. (2003). Langhans-type and foreign-body-type multinucleated giant cells in 

cutaneous lesions of sarcoidosis. Acta Dermato-Venereologica, 83, 171–174. 

https://doi.org/10.1080/00015550310007148 

Parenti, L. R. (2008). A phylogenetic analysis and taxonomic revision of ricefishes, Oryzias and relatives 

(Beloniformes, Adrianichthyidae). Zoological Journal of the Linnean Society, 154(3), 494–610. 

https://doi.org/10.1111/j.1096-3642.2008.00417.x 

Parenti, L. R., & Hadiaty, R. K. (2010). A new, remarkably colorful, small ricefish of the genus Oryzias 

(Beloniformes, Adrianichthyidae) from Sulawesi, Indonesia. Copeia, 2010(2), 268–273. 

https://doi.org/10.1643/CI-09-108 

Parenti, L. R., Hadiaty, R. K., Lumbantobing, D., & Herder, F. (2013). Two new ricefishes of the genus Oryzias 

(Atherinomorpha: Beloniformes: Adrianichthyidae) augment the endemic freshwater fish fauna of 

southeastern Sulawesi, Indonesia. Copeia, 3, 403–414. https://doi.org/10.1643/CI-12-114 

Pietsch, T. W., & Grobecker, D. B. (1980). Parental care as an alternative reproductive mode in an antennariid 

anglerfish. Copeia, 1980(3), 551–553. https://doi.org/10.2307/1444539 

Robinson, E. T., & Rugh, R. (1943). The reproductive processes of the fish, Oryzias latipes. Biological Bulletin, 

84(1), 115–125. https://doi.org/10.2307/1538054 

Ross, M. H., & Pawlina, W. (2011). Histology: A text and atlas: with correlated cell and molecular biology. 

Santamaría-Martín, C. J., Plaul, S. E., Campuzano-Caballero, J. C., Uribe, M. C., & Barbeito, C. G. (2021). 

Structure of the gonoduct of the viviparous teleost Cnesterodon decemmaculatus (Jenyns, 1842) 

(Poeciliidae). Journal of Morphology, 282, 533–542. https://doi.org/10.1002/jmor.21326 

Sargent, R. C., & Gross, M. R. (1986). Williams’ principle: an explanation of parental care in teleost fishes. In 

Behaviour of Teleost Fishes (pp. 275–293). https://doi.org/10.1007/978-94-011-1578-0_11 

Secombes, C. J. (1985). The in vitro formation of teleost multinucleate giant cells. Journal of Fish Diseases, 8, 

461–464. 

Smith, C., & Wootton, R. J. (1995). The costs of parental care in teleost fishes. Reviews in Fish Biology and 

Fisheries, 5, 7–22. https://doi.org/10.1007/BF01103363 

Spanke, T., Hilgers, L., Wipfler, B., Flury, J. M., Nolte, A. W., Utama, I. V., … Schwarzer, J. (2021). Complex 

sexually dimorphic traits shape the parallel evolution of a novel reproductive strategy in Sulawesi ricefishes 

(Adrianichthyidae). BMC Ecology and Evolution, 21, 1–16. https://doi.org/10.1186/s12862-021-01791-z 

Suzuki, A., & Shibata, N. (2004). Developmental process of genital ducts in the medaka, Oryzias latipes. 

Zoological Science, 21(4), 397–406. https://doi.org/10.2108/zsj.21.397 

Takano, K. (1968). Fine structure of the wall of the ovarian lumen in the teleost, Oryzias latipes. Bulletin of the 

Faculty of Fisheries, Hokkaido University, 19(2), 76–82. 



 

This article is protected by copyright. All rights reserved. 

A
c

c
e

p
te

d
 A

r
ti

c
le

 
Turner, C. L. (1937). Reproductive cycles and superfetation in poeciliid fishes. The Biological Bulletin, 72(2), 

145–164. 

Turner, C. L. (1947). Viviparity in teleost fishes. The Scientific Monthly, 65(6), 508–518. 

Uematsu, K., & Hibiya, T. (1983). Sphincter-like musculature surrounding the urino-genital duct of some teleosts. 

Japanese Journal of Ichthyology, 30(1), 72–80. 

Uribe, M. C., Cruz, G. D. la R., Alarcón, A. G., Campuzano-Caballero, J. C., & Bárcenas, M. G. G. (2019). 

Structures associated with oogenesis and embryonic development during intraovarian gestation in 

viviparous teleosts (Poeciliidae). Fishes, 4(2). https://doi.org/10.3390/fishes4020035 

Veiseh, O., Doloff, J. C., Ma, M., Vegas, A. J., Tam, H. H., Bader, A. R., … Anderson, D. G. (2015). Size- and 

shape-dependent foreign body immune response to materials implanted in rodents and non-human primates. 

Nature Materials, 14(6), 643–651. https://doi.org/10.1038/nmat4290 

Wagner, G. P., Erkenbrack, E. M., & Love, A. C. (2019). Stress-Induced Evolutionary Innovation: A Mechanism 

for the Origin of Cell Types. BioEssays, 41, 1–9. https://doi.org/10.1002/bies.201800188 

Wetzel, J., & Wourms, J. P. (1995). Adaptations for reproduction and development in the skin-brooding ghost 

pipefishes, Solenostomus. Environmental Biology of Fishes, 44, 363–384. 

https://doi.org/10.1007/BF00008252 

Whittington, C. M., & Friesen, C. R. (2020). The evolution and physiology of male pregnancy in syngnathid 

fishes. Biological Reviews, 95, 1252–1272. https://doi.org/10.1111/brv.12607 

Yamamoto, K. (1963). Cyclical changes in the wall of the ovarian lumen in the medaka, Oryzias latipes. 

Annotationes Zoologicae Japonenses, 36(4), 179–186. 

Yamamoto, T.-O., & Suzuki, H. (1995). The manifestation of the urinogenital papillae of the medaka (Oryzias 

latipes) by sex-hormones. Embryologia, 2(14), 133–145. 

 

Figure legends 

 

Figure 1: Oryzias eversi, pelvic brooding. A: A female carrying recently spawned, fertilized 

eggs. B: Close-up of the ventral concavity of a female 13 days after spawning. Like in all 

pelvic brooding species, the developing embryos stay attached to the female via long 

attaching filaments (AFs), which emerge from the genital pore behind the genital papilla. C: 

Inside the female the ends of the attaching filaments form the so-called “plug” (here, an 

example of the excised plug of the female in Figure 1B). Scale bars: 500µm. 
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Figure 2: Oryzias eversi, longitudinal section of the reproductive system. A: Masson-Goldner 

trichrome staining. B: Superimposed colors indicating major structures. The stromal 

compartment of the ovary (sc) contains various oocytes and is covered dorsally by the 

germinal epithelium (ge). The ovarian wall (ow), surrounding the ovary, continues 

posteriorly. The absence of the germinal epithelium marks the transition from the ovarian 

cavity (oc) to the anterior part of the gonoduct, the gonoduct lumen (gl). Here, the ends of the 

attaching filaments (AFs) of the spawned eggs (se) are located. The posterior part of the 
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gonoduct, the genital cavity (gc), is formed from a modified epidermis (ed). Abbreviations: in 

= intestine; p = genital papilla; sh = sphincter-like structure; ub = urinary bladder. Scale bars: 

500µm. 

 

 

Figure 3: Oryzias eversi, changes in the female reproductive system during the brooding 

cycle. Masson-Goldner trichrome staining, longitudinal section, 5 µm. Left side (A,C,E and 

G) = brooding stages and right side (B,D,F and H) = non-brooding stages. A–B: The changing 

oocyte composition of the ovary. C–D: Micro- anatomical changes of the gonoduct lumen 
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(gl). E–F: Changes in the structure of the genital cavity (gc). G–H: Changes of the papilla 

(ed). G: After spawning invaginations (arrows) were observable. Abbreviations: bv = blood 

vessel, ec = epithelial cells, me = medulla, mf = mucosal folds, ta = tunica albuginea. Scale 

bars: A, B, E, and F = 200µm; C, D, G, H = 20µm. 

 

 

Figure 4: Oryzias eversi, micrographs of histological, longitudinal sections of the developing 

plug of a female one day after spawning, Masson-Goldner trichrome staining, 5 µm. A: The 

ends of the attaching filaments (AFs) closely filled the intricate recesses of the ovarian wall 

(ow) of the gonoduct lumen (gl). B: The filaments are loosely entangled with each other and 

some interstitial cells (ic). C: A non-cellular structure, probably mucus (m) is present. D: The 

attaching filaments puncturing the gonoduct epithelium (ge). E: Some interstitial cells were 

separated and larger. F: Others grouped together along the filaments. Scale bars: A = 200µm; 

B–F = 10µm. 
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Figure 5: Oryzias eversi, micrographs of histological, longitudinal sections of the developing 

plug of a female seven days after spawning, Masson-Goldner trichrome staining, 5 µm. A: 

The attaching filaments (AFs) are entangled in the gonoduct lumen (gl) between 

protuberances of the ovarian wall (ow). In the ovary vitellogenic oocytes of the stage 5 but not 

fully-grown oocytes can be seen. B: The number of interstitial cells (ic) is increased, and 

some cells appear to start to fuse together (arrow). C: Thinner and elongated cells surround 

the developing tissue. D: The posterior part of the plug tissue is traversed by blood capillaries 

(bv) developed from the surrounding sphincter-like structure (sh). Scale bars: A = 200µm; B 

and C = 10µm; D = 50µm.  

 

 

Figure 6: Oryzias eversi, micrographs of histological, longitudinal sections of the developing 

plug of a female one day after hatching of the fertilized eggs, Masson-Goldner trichrome 

staining, 5 µm. A: The developed plug-like structure is fused to the inner wall of the anterior 

part of the gonoduct. The ovary contains vitellogenic oocytes. B+C: Variation of types of 
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multinucleated giant cells (MNGC) in the plug. D: In one specimen, the plug extends above 

the ovary into the ovarian cavity (arrows). Within the stromal compartment of the ovary, large 

vitellogenic oocytes with yolk spheres were seen. Abbreviations: AFs = attaching filaments, 

cf = collagen fibrils, ow = ovarian wall. Scale bars: A and D = 200µm; B and C = 20µm. 

 

 

Figure 7: Oryzias eversi, degeneration of the plug of a female. A–C: Micrographs of 

histological, longitudinal sections three days after the loss of filaments, Masson-Goldner 

trichrome staining, 5 µm. A: The plug is still fused to the inner wall of the anterior part of the 

gonoduct. No vitellogenic oocytes could be observed. B: Additional, light red, thin threads are 

observed inside the plug (arrow). C: The interstitial cells forming the plug resemble epithelial 

cells in coloration, but the border between the interstitial cells of the plug that fused with the 

anterior part of the gonoduct and the subsequent epithelial cells of the posterior part of the 

gonoduct is clearly recognizable (short arrows). D: µCT-scan of a female 15 days after the 

loss of filaments. The plug is still present, but seems to be less fused. Abbreviations: gc = 

genital cavity, ow = ovarian wall. Bar: A = 100µm; B and C = 10µm.  




