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ABSTRACT. Asexual and sexual stages in the life cycle of Goussia (Plag~llaJ gadi (Fiebiger, 1913), par- 
dsites of haddock Melanograrnmus aeglefinus, occur in loose connective hssue between the lobes of 
the gas gland and in the s\vimbladrier wall. The asexual stages are  usually found in the deeper layers, 
and the sexual stages towards the lumen of the swimbladder. There are many leukocytes in the lumens 
and walls of the blood vessels of the loose connective tissue, and phagocytes containing degeoerating 
parasites and trophozoites are seen in the surrounding connective tissue. Various stages of the parasite 
and disintegrating host cells arc released into the lumen of the swimbladder, forming a yellowish exu- 
date. Mt*rozoltos form by sc\.eral generations ol endogenesis. The first generation, in which only 2 
daughter meronts are formed (endodyogeny), may occur in the sporozoite after it has been released 
trom the sporocyst, when i t  is still within the oocyst membrane; in a free sporozoite, in a trophozoite 
which may be free ot in a phagocyte. This may be repeated, so that a group of elongate, intertwined 
merozoiles is formed. A second generation of rosettes of radiating meronts is formed by endopolygeny. 
usually in vacuoles of host cells which are reduced to a thin rim of vacuolated cytoplasm. 
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INTRODUCTION 

Goussia (Plagula) gadi (Fiebiger, 1913) is a coccidian 
parasite in gadoid fish from the North Atlantic and the 
Baltic Sea. It was first described in pollock Pollachius 
virens (Linnaeus, 1758) by M. Auerbach and in cod 
Gadus morhua Linnaeus, l758 by J. Mueller (Fiebiger 
1913), who described yellow matter consisting mainly 
of spores having a capsule consisting of 2 halves. G. 
gad] is also frequently found in the wall of the swim- 
bladder of haddock Melanogran~mus aeglefinus 
(Linnaeus, 1758) (Dykova & Lom 1983, Upton et al. 
1984). It has been recorded in haddock, cod and a 
single fourbeard rockling Enchelyopus cimbrius 
(Linnaeus, 1766) in Canadian waters (Odense & Logan 
1976, Morrison et al. 1986). Its prevalence vanes sea- 
sonally and geographically, but has reached 84.1 % in 
haddock on Browns Bank (NW Atlantic) (Scott 1981). 

In the swimbladder Goussia gadi encounters high 
oxygen concentrations and a well-vascularised sub- 
strate high in nutnents, which probably enables it to 
multiply rapidly (Fiebiger 1913). The swimbladder of 
gadoids is physoclistous, and the spores accumulate as 
the disease progresses, filling most of the swimbladder 
with yellow matter. Mueller described such infected 
fish as emaciated, although Fiebiger found that this 
was not always the case (Fiebiger 1913). It has been 
suggested that the infection would interfere with the 
regulation of buoyancy, so that feeding and reproduc- 
tion would be difficult (Odense & Logan 1976). Only 
the anterior end of lightly infected swimbladders was 
filled with yellow matter, and a layer extended posteri- 
orly along th.e ventral wall, becoming progressively 
thinner (Fiebiger 1913). Besides spores, droplets of 
lipid material, cholesterol platelets and fatty acid 'mar- 
garine needles' were found. 
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Other coccidians found In swimbladders are Gocissia 
caseosa, in the grenadier Macrourus berglax Lacepede 
(Lom & Dykova 19821, and Goussia cichlidarum, found 
in various cichlid fish, especially Sarotherodon gah- 
laeus (Landsberg & Paperna 1985). The only develop- 
mental stages of G. caseosa found were sporulating oo- 
cysts. These were observed mainly in the gas gland of 
the swimbladder, but also in the mesenteric blood ves- 
sels, gall bladder and intestinal contents. The oocysts, 
sporocysts and sporozoites are larger than those of G. 
gadi, no open sporocysts were found within the stvim- 
bladder, and no developmental stages were found in 
the swimbladder wall. G. cichlidarum differs from G. 
gadi and G. caseosa in size, and also in that it develops 
within host cells which are displaced to the surface of 
the epithelia1 lining of the swimbladder (Paperna et al. 
1986). 

The light microscopic appearance of all stages of 
Goussia gadi has been described in detail and drawn 
(Fiebiger 1923), but the only stage studied using elec- 
tron microscopy was the thick-walled sporocyst 
(Odense & Logan 1976). By experimentally infecting 
cultured fish, Steinhagen (1991) found that the asexual 
stages of Goussia carpel11 were only present for a short 
time, and thus would be difficult to find in wild, marine 
fish. However, the complete life cycle of G. gadi takes 
place in the wall of the swimbladder. The asexual 
stages are in the loose connective tissue of the wall, 
and according to Shulman & Shtein (1962) their devel- 
opment is not intracellular, but takes place in intersti- 
tial spaces. Maturation of the spores occurs towards 
the internal surface of the swimbladder, and sporo- 
zoites are released to infect new parts of the wall 
(Fiebiger 1913, Shulman & Shtein 1962). This situation 
provides a good opportunity to study all the develop- 
mental stages, although without the advantage of a 
timed series as could be obtained with experimentally 
infected fish. Here we present light micrographs of the 
developmental stages of G. gadi, previously shown 
only as drawings (Fiebiger 1913), and electron micro- 
graphs of these same stages. A variety of terms have 
been used in the literature for different asexual stages, 
but we refer to any process that resu.lts in the formation 
of merozoites as merogony, as suggested by Chobotar 
& Scholtyseck (1982). 

MATERIALS AND METHODS 

Haddock werc examined for infection by opening 
the body cdvity a.nd slitting open the ventral surface of 
the swimbladder. Goussia gadi infections were diag- 
nosed by the presence of a yellowish waxy exudate in 
the swimbladder Eight infected swimbladders were 
sampled on cruises in July 1990 on Emerald, La Have, 

Georges and Baccaro Banks, (NW Atlantic) and seven 
in September 1990 on Emerald Bank. Nine fish were 
female, six were male; they varied in length from 44 to 
61 cm. Infected swimbladders from the July cruise 
were fixed whole in 1 % glutaraldehyde and 4 %B form- 
aldehyde in phosphate buffer (1G4F; McDowell 1978). 

On return to the laboratory a longitudinal strip was 
removed from the anter~or to the posterior part of the 
ventral swimbladder wall, and cut transversely into 
several pieces w h ~ c h  were processed for paraffin and 
JB4 resin embedding for light microscopy. Paraffin 
sections were stained with Harris haematoxylin and 
eosin (Humason 1979), whereas JB4 resin sections 
were stained with methylene blue/basic fuchsin 
(Dougherty 1981), or a 1:50 dilution of 1 % toluidine 
blue in 1 %, sodium borate. 

Samples were also taken for transmission electron 
microscopy (TEM). The outer tough fibrous layer was 
removed, then the remaining tissues were cut into 
cubes not larger than lmm, post-fixed in 1.5 % osmium 
tetroxide, dehydrated in acetone and embedded in 
TAAB resin. Both JB4 and TAAB resins were obtained 
from Marivac, Inc., Halifax, NS, Canada. Sections (0.5 
pm) were stained in toluidine blue, and ultrathin gold 
and silver sections were stained in 25 '4 uranyl acetate 
in methanol (Stempack & Ward 1964) and lead citrate 
(Reynolds 1963). 

Fixation of whole swimbladders was not always ade- 
quate for TEM, so small samples of swimbladder were 
removed from infected haddock at sea during the 
September cruise, and immediately cut into small 
cubes in 1G4F fixative. These were then processed for 
TEM in the same manner as the J'uly samples. 

RESULTS 

Haddock swimbladders contained variable amounts 
of yellow material. Only one specimen, from Georges 
Bank, with small amounts of exudate with a wax-like 
consistency, proved to be uninfected. Coccidia were 
found in all other specimens, which contained signifi- 
cant accumulations of exudate, rna~nly around the gas 
gland. In histological sections there are few coccidia in 
the epithelium or rete mirabile of the gas gland, but 
disintegrating host tissue and asexual and sexual 
stages of th.e parasite are found in the loose connective 
tissue between the lobes of the gland, and in the 
swimbladder lumen (Pigs. 1 & 2 ) .  Many parasites are 
present in the loose connective tissue below the tunica 
interna of the scvimbladder posterior to the gas gland, 
but not in the outer densc, fibrous layer (Fig. 3). Most 
meronts and gamonts are found deep in the loose con- 
nective tissue, towards the outer f~brous wall of the 
swim.bladder, in, large vacuoles giving a 'honey-omb' 
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appearance to the tissue. Most sporocysts and degen- 
erating host cells are found towards the lumen of the 
swimbladder There is mixing of the stages, since the 
sporocysts release sporozoites which reinfect the 
swimbladder. 

Blood vessel walls in the loose connective tissue 
have a foamy appearance, cciused by many leukocytes 
in the endothelium and between the fibroblasts sur- 
rounding each blood vessel, and edema between the 
fibroblasts (Figs. 3, 4 & 5) .  There are phagocytes in the 
connective tissue around the blood vessels, some 
of which contain disintegrating parasites (Fig. 4 ) .  
Amoeboid leukocytes containing electron-dense gran- 
ules of varying sizes are seen in the endothelium and 
the connective tissue surrounding the blood vessels 
(Figs. 5 & 6). There are also groups of granulocytes 
containing many large granules up to about 580 nm in 
diameter, which might surround a parasite (Fig. ?), al- 
though ingested parasites were not seen. The loose 
connective tissue layer of the swimbladder wall of had- 
dock, like that of cod (Morrison 1987), contains a loose 
network of fibrils derived from fibroblasts (Morrison 
1993), but few cells. 

Sporozoite-shaped trophozoites with only remnants 
of or no apical complex occur in phagocytes (Fig. 8). 
The latter are probably macrophages, because they 
contain many lysosomes as well as large lipid droplets. 
Many phagocytes have highly vacuolated cytoplasm 
containing myelin figures. The trophozoites are sur- 
rounded by a membrane, and in some specimens there 
is a thin layer of electron-dense material containing 
small vesicles between the membrane and the tropho- 
zoite. In some the layer is electron-transparent, and 
may form a large parasitophorous vacuole. The tropho- 
zoites contain a nucl.eus and a group of mitochondria, 
as well as lipid droplets and often a crystalloid body. 
Beneath the pellicle are small electron-dense vesicles, 
especially at each end of the parasite, which may be in 
contact with the pellicle (Fig. 9). Similar trophozoites 
are found free between the host cells. In some tropho- 
zoites there is a double-membraned pellicle around a 
lobe extending from the nucleus (Fig. 10). This is an 
early stage in the formation of a first generation mero- 
zoite. In other trophozoites the merozoite is more elon- 
gate, and organelles are present within the pellicle 
(Fig. 11). Two first generation merozoites are present 
in some trophozoites (Figs. 12 & 13). These contain all 
the nuclear material from the trophozoite, whose cyto- 

plasm apparently disappears by the end of this divi- 
sion, known as endodyogeny. Endodyogeny can occur 
in trophozoites which are still within the oocyst mem- 
brane (Fig 12), although usually this process occurs in 
free trophozoites, or in trophozoites within host cells. 
Elongate merozoites curving around each other are 
found (Fig. 13). Two merozoites may be seen next to 
each other in the host cytoplasm, but division can take 
place more than once (Fig. 14). Groups of elongate 
convoluted merozoites attached to a residual body are 
seen, some within host cells, others free (Fig. 15). The 
merozoites contain peripheral osmiophilic vesicles and 
crystalloids. They are surrounded by the trilayered 
pellicle typical of coccidia (Chobotar & Scholtyseck 
1982), but the residual body is surrounded only by a 
unit membrane (Fig. 16). 

Rounded uninucleate merozoites are found in vac- 
uoles in the host cell cytoplasm, which is highly vacuo- 
lated, and often reduced to a thin layer (Fig. 17). These 
become either multinucleate meronts or microga- 
monts, or macrogamonts (Fig. 18) Early multinucleate 
lneronts and microgamonts cannot be distinguished 
from each other (Fig. 19). Th.eir cytoplasm contains mi- 
tochondria, endoplasmic reticulum and peripheral 
amylopectln granules (Fig 20). Some multinucleate 
meronts have the early stage of the second generation 
merozoite, a pellicle encircling a lobe of each nucleus 
(Fig. 21). Subpellicular microtubules are present, and 
there are cisternae of endoplasmic reticulum and vesi- 
cles above the nucleus (Fig. 22). There may be a micro- 
pore (Fig. 23), and a centriole in the apical cytoplasm 
(Figs. 23 & 24). 

Some meronts contain elongate second generation 
merozoites (Fig. 25); others are filled with radiating 
merozoites continuous with the resldual body of the 
meront, which contains lipid droplets (Fig. 26). 
Rosettes of merozoites attached to the residual body of 
the mother meront are found, in which no cytoplasm 
remains between the merozoites (Figs. 27 & 28). The 
average size of 36 mature merozoites was 3.0 l m  wide 
(range 1.9 to 5.0 pm) and 16.1 pm long (range 11.3 to 
21.3 pm). The elongate nucleus is 2 to 3 pm in diame- 
ter, and contains a prominent nucleolus. A small apical 
complex is present. This consists of a conoid and a few 
organelles which appear to be secretory. The latter are 
club-shaped and electron-dense, and open via a duct 
at the pellicle (Figs. 29 & 30). There are also peripheral 
amylopectin granules and mitochondria, and a Golgi 

Abbrev~ations used in figures. AG = amylopectin granule; BV = blood vessel; C = conoid; Ce = centriole; CO = collagen; Cr = crys- 
tallold body; CT = connective tissue; E = epithelium; En = endothelial cell; Er = erythrocyte; EL = electron-dense layer; ER = en- 
doplasmic reticulum; F = fibroblast; FL = fibrous layer; G = granule; GB = Golgi body; HC = host cell cytoplasm; L = leukocyte; 
Ly = lysosome; LD = lipid droplet; Ma = macrogamont; Me = merozoites; Mem = membrane; Mer = rneront; Mi = mitochondrion; 
Mic = microtubule; Mp = micropore; N = neutrophil; Nu = nucleus; OM = oocyst membrane; OV = osmiophilic vesicle; P = para- 
site; Pe = pellicle; Ph = phagocyte; PV = parasitophorous vacuole; RB = residual body; RM = rete mirabile; S = sporocyst; 

SM = sporoblast or sporocyst membrane; SO = secretory organelle; SW = sporocyst wall; V = vesicle 
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Figs. 4 to ?. Goussia gadi parasitizing Melanogrammus aeglefinus. Fig. 4. Leukocytes and erythrocytes in a blood vessel, and 
leukocytes between the fibroblasts external to the endothelium. One phagocyte contains a large lipld droplet and a disintegrat- 
ing parasite. Fibroblasts are separated by spaces, some of which contain collagen. TEM; scale bar = 2 pm Fig. 5. Amoeboid leu- 
kocyte (neutrophil?) in the endothelium. TEM; scale bar = 2 pm Leukocyte (neutrophil?) contalning granules of varying 
sizes. TEM; scale bar = 1 pm. Fig. 7. Leukocyte (eosinophil?) containing large granules, surround~ng a sporozoite. TEM, 

scale bar = l pm 
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Figs. 13 to 16. Goussia gadi parasitizing Melanogramrnus aeglefinus. Fig. 13. TWO convoluted merozoites in a free trophozoite. 
TEM; scale bar = 2 pm. Fig. 14. Two adjoining meronts each contain 2 merozoites. An electron-dense layer separates the meronts 
from the host cell cytoplasm containing lysosomes. TEM; scale bar = 1 pm. Fig. 15. Group of merozoites with central residual 
body. TEM, scale bar = 2 pm Fig. 16. Same group of merozoites at a higher magnification. Lipid droplets and amylopectin gran- 
ules are present in the residual body, and merozo~tes containing crystalloid bodies and osmiophilic vesicles are surrounded by a 

pellicle. TEM; scale bar = l pm 

apparatus anterior to the nucleus (Fig. 29). In some me- DISCUSSION 
rozoites the conoid is protruded (Fig. 30), and small 
crystalloid formations occur in the cytoplasm (Fig. 31). Landsberg & Paperna (1985) state that Goussia gad1 
Merozoites are surrounded by a pellicle, which is not develops in the gas gland but, as shown in this study, 
present around the residual body (Fig. 32). Some large the gland itself is not affected, and the parasites de- 
meronts appear to be dividing in two (Fig. 33), and velop only in loose connective tissue surrounding the 
there are vacuoles containing 2 rosettes of merozoites rete mirabile of the gland. The finding by Fiebiger 
(Fig. 34). (1913) that there were no coccidia in the epithelia1 cells 
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F ~ g s  32 to 34 Go~rssia gadi parasitiz~ng Melanog~ammus deglefinus. Fig. 32. The residual body of the meront containing hpld 
droplets 15 surrounded by a single membrane, second generation merozoites are surrounded by a pellicle. =M; scale bar 1 pm 
Fig 33. Multlnucleate meront is partially divided into two by a membrane. TEM; scale bar = 2 5 pm. Fig 34. Two rosettes ol 

second generation merozoltes In a host cell vacuole. JB4, tolu~dlne blue; scale bar : 10 pm 

of the swimbladder is corroborated by the present 
study. The sporozoite-shaped trophozoltes usually 
found in phagocytes but also found free show no signs 
of degenerat~on, and appear to be able to enlarge and 
develop in the phagocyte. They may be derived from 
sporozoites or merozoites. Presumably those under- 
going endodyogeny are der~ved from sporozoites, 
since similar stages were also fou.nd within the oocyst 
membrane Fiebiger (1913) described mult~nucleate 
sporozoites within the oocyst membrane, although he 
shows drawings only of blnucleate stages, as found in 
this study The osmiophilic vesicles at the ends of the 
trophozoite may be the remnants of the apical com- 
plex, and seem to be the means by which the parasite 
gains nutrients and disposes of waste products by pmo- 
cytosis. According to Chobotar & Scholtyseck (19821, 
coccidian sporozoites have often been reported In 
macrophages, and can repeatedly invade and escape 
from them. However, developmental stages such as 
the endodyogeny found In G, gad1 ale rarely found in 
other coccidlans in phagocytes The electron-dense 
layer around some trophozoites in phagocytes may be 
an early stage in the formation of the more obvious 

electron-lucent parasltophorous vacuole. The phago- 
cytes apparently disintegrate and are reduced to mem- 
branous sacs, like the host cells containing the devel- 
oping stages of G caseosa and G. cichlldarum 
(Landsberg & Paperna 1985, Paperna et  a1 1986). 

I t  [vas difficult to ~dentlfy the leukocytes described In 
the present study, because specific stains for blood cell 
types were not carried out. and the ultrastructure of 
the leukocytes of cod has not been studied. The litera- 
ture on tish granulocytes is contradictory (Ellis 1977). 
In the present study the amoeboid granulocytes con- 
taining numerous granules of varylng sizes are prob- 
ably neutrophils (heterophils), the most commonly re- 
ported granulocyte in the peripheral blood of fish, 
although the granules are not elongate and striated as 
descnbed in some species (Hawkins et al. 1981). The 
leukocytes contaming numerous large, dense granules 
are probably eosinophils, and the granules are the 
same size as those reported In eoslnophlls by Hawkins 
et a1 (1981) Little is known about the function of these 
cells, although neutrophils migrate to inflammatory 
sites (Ellis 1977) Slnce there is an extensive host reac- 
tion to Gouss~a gadi in the swimblddder, it is likely that 
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the host may sometimes survive the infection. There is 
usually little host response to coccidian infections in 
fish, but extensive leukocyte infiltration was also found 
In response to infect~on by Calyptospora filnduli 
(Hawkins et al. 1981). The monocytes contained resid- 
ual bodies, but no lipid droplets as reported in G. gad1 
infections. In the latter, lipid probably accun~ulates due 
to the ingestion of stages of G. gadi containing lipid 
droplets. 

Fiebiger (1913) and Shulman & Shtein (1962) report 
that the stages of Goussia gad1 usually develop free in 
the connective tissue, but in the present account they 
were often found to be intracellular. It is not known 
whether phagocytes, probably macrophages, are the 
normal site of infection by sporozoitcs of G. gadi, or 
whether this only occurs in more advanced infections, 
such as those we studied, where numerous phagocytes 
had invaded the loose connective tissue layer of the 
swimbladder wall via the bloodstream. The merozoites 
resulting from endodyogeny could infect phagocytes 
or another type of host cell, such as a fibroblast. 
However, the original host cell type is difficult to deter- 
mine since the cytoplasm around developing gamonts 
and multinucleate meronts, if still present, is reduced 
to a thin layer and is highly vacuolated; often only a 
membrane remains. However, no cc11 junctions were 
found between the host cells, indicdting that they were 
originally motile phagoc).tes. Moreover, no other host 
cell type is present in large numbers in the loose con- 
nective tissue of the swimbladder wa.11 (Morrison 1987). 

Nothing is known about the transmission of Goussia 
gadi to other hosts, although the possibilities are dis- 
cussed by Fiebiger (1913). Like many species of 
Goussia, the life-cycle of G. gad1 takes place in an 
extra-intestinal site where oocysts have no means of 
discharge from the living host (Overstreet et al. 1984). 
Fiebiger suggests that infected fish could be ingested 
bp larger fish, but that the most likely mode of trans- 
mission is by death of the host, millions of spores being 
liberated after the abdominal and swimbladder walls 
disintegrate. Sporozoites may be released from the 
spores after ingestion by the piscine host, penetrate the 
intestinal epithelium, enter the bloodstream and be 
carried to the swimbladder. Since sporozoites easily 
enter phagocytes, and trophozoites of G, gadi are 
found in phagocytes in the connective tissue of the 
swimbladder, they could be transported in the blood- 
stream in this manner Presumably sporozoites could 
also be transported from the swimbladder to the intes- 
tine, and be released with the faeces to infect other 
hosts. Sporocysts have been reported in blood vessels 
near the swimbladder (Odense & Logan 1976), and so 
could presumably enter or exit the swimbladder by this 
route, although it is difficult to imagine how they could 
cross the endothelium lining the blood vessel. 

An intermediate host is not essential for Goussia 
gadi, since it is able to complete its cycle within the 
swimbladder, but one could be involved in transmis- 
sion to another host. In G. carpelli (Steinhagen & 
Korting 1990) direct transmission by faecal contamind- 
tion can occur, but reinfection of carp was only possible 
with a tubificid intermediate host. Overstreet (1981) 
has suggested that haddock are more likely to be 
infected by ingestion of a secondary host such as a 
crustacean containing G. gadi than by ingestion of an 
infected gadoid or its remains, since they are small- 
mouthed bottom feeders; but according to Scott & Scott 
(1988) they also eat fish such as elvers, herring, argen- 
tines, sdtld lance, capelin and silver hake. G. gadi was 
not found in 34 silver hake examined by Odense & 
Logan (1976). 

In Goussia gadi there appear to be 2 generations 01 

merozoites, dividing by 2 different types of endogene- 
sis. The firs1 type, endodyogeny, in which 2 daughter 
organisms form, using up the mother cell (Chobotar & 
Scholtyseck 1982), has rarely been described in piscine 
coccidians (Landsberg & Paperna 1987, Paperna 1991, 
Kim & Paperna 1992, Lukes 1992). Since there can be 
more than one cycle of this type of division, a group of 
first generation merozoites could be formed as shown 
in Figs. 15 & 16. 

First generation merozoites then apparently form 
multinucleate meronts which divide by endopolygeny, 
giving rise to a rosette which may contain more than 40 
second generation merozoites (Fiebiger 1913). These 
differ from the groups of first generation rnerozoites in 
being more numerous and less convoluted, and in pos- 
sessing numerous amylopectin granules and a small 
apical complex. The secretory organelles associated 
with this complex are open at the surface of the mero- 
zoite and are shaped like rhoptries, but they do not 
open through the conoid, and are not obviously paired. 
It has been suggested that micronernes may be an 
early stage in the formation of rhoptries, and may form 
a structural unit with them (Chobotar & Scholtyseck 
1982), so the secretory organelles may be the forerun- 
ners of this system. The second generation merozoites 
were found to be longer in the present study than in 
the study by Fiebiger (1913), who reported that they 
were 8.0 X 2.5 pm. Endopolygeny has been described 
in several piscine coccidia (Paterson & Desser 1981, 
Steinhagen 1991), but Goussia gadi differs from these 
coccidia in that no vesicles are formed around the de- 
veloping merozoltes, and more than one rosette may 
be found in a common vacuole, as reported by Fiebiger 
(1913). The radiating form of merogony found in G. 
gad1 would suggest development by exogenesis, but 
no early stages of exogenesis, in which the apical com- 
plexes of the merozoites develop next to the limiting 
membrane of the meront, were found (Paterson & 
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Desser 1981, Jastrzqbski 1989). Although the mero- 
zoites originate internally in associat.ion with nuclei 
during endogenesis, in later development they assume 
a peripheral location and grow outward at the surface, 
so that the appearance is similar to that of exogenesis 
(Chobotar & Scholtyseck 1982). 
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