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Abstract
The family Lamippidae (Cyclopoida) are endosymbionts mainly occurring in shallow water octocorals and records from deep-
sea corals are few. Here we investigated the relationship between the lamippid Gorgonophilus canadensis Buhl-Mortensen 
& Mortensen, 2004 and its host the deep-sea coral Paragorgia arborea. Twenty-one specimens of G. canadensis was found 
inside eight gall-like structures on a P. arborea colony collected in 2010 at 318 m depth off Norway. The galls contained on 
average 1.6 females, 1.0 males, and 7.5 egg sacs estimated to contain 400 eggs each. Females were larger than males (4.6 mm 
compared to 2.0 mm). The gall volume increased with the number of egg sacs, females, and the length of females inside, the 
latter correlation was significant (p < 0.05). The number of egg sacs in galls was positively correlated with the abundance 
and length of females (p < 0.05), and by adding Canadian data from 17 galls the relation between egg sacs and numbers of 
females and males in galls became stronger (p < 0.01 and p < 0.05, respectively). Scanning electron microscopy revealed that 
this highly modified endoparasite has thoracic appendages with non-segmented flexible spines with a specialized structure at 
their tips through which threads are excreted. We speculate that this adaptation could relate to feeding or attachment of egg 
sacs inside the galls. Thread production has rarely been reported for copepods and we explore its function in the group as 
well as other crustaceans. The age and size of the parasite, and the introduction to and release from the host is also discussed.
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1 Introduction

The endoparasitic gall-forming copepod Gorgonophilus 
canadensis Buhl-Mortensen & Mortensen 2004a  lives 
inside the gorgonian coral Paragorgia arborea (Linnaeus 
1758). This copepod was recorded for the first time in 2001 
as part of a study on coral distribution in Atlantic Canada on 
the shelf and slope off Nova Scotia (Mortensen et al. 2006) 
and described as a new species and genus (Buhl-Mortensen 
and Mortensen 2004a). In 2010, it was also discovered in 

Norwegian waters during a MAREANO (Marine Areal 
Database for Norwegian Coasts and Sea Areas) seafloor 
mapping campaign. Here we describe the Norwegian mate-
rial of this parasite to increase the understanding of the com-
plicated and poorly understood relation between the parasite 
and its coral host.

G. canadensis belongs to the copepod family Lamippi-
dae, all species of which are obligate endoparasites in octo-
corals (Buhl-Mortensen and Mortensen 2004a). They live 
inside galls formed by the coral (hollow structures of dif-
ferent shapes), or in the coral’s digestive cavities or polyps 
(Fig. 1) (Bouligand 1960, 1966). There are 54 species and 
11 genera of lamippid copepods of which only five species 
induce formation of galls in soft corals (Williams et al. 2016; 
Korzhavina et al. 2021). The Lamippidae has been divided 
into two subfamilies (Lamippinae and Linaresiinae) that 
collectively contain eleven genera (Stock 1988; Williams 
et al. 2016; Korzhavina et al. 2021). Gorgonophilus Buhl-
Mortensen & Mortensen 2004a is monotypic and is one of 
the 9 genera of Lamippinae.

 * Lene Buhl-Mortensen 
 lenebu@hi.no

1 Institute of Marine Research (IMR), C. Sundts gate 64, 
NO-5817 Bergen, Norway

2 University of Bergen (UiB), Thormøhlens gate 53A, 
NO-5006 Bergen, Norway

3 Department of Biology, Hofstra University, Hempstead, NY, 
USA

http://orcid.org/0000-0003-0530-7119
http://crossmark.crossref.org/dialog/?doi=10.1007/s13199-022-00866-9&domain=pdf


 L. Buhl-Mortensen et al.

1 3

The geographic distribution of G. canadensis is linked to 
the host coral P. arborea which is widely distributed from 
the Norwegian Sea to the northwest Atlantic and it occurs 
mainly from 200 to 600 m in depth and at temperatures of 
3–8 °C (for a review see Buhl-Mortensen et al. 2015). P. 
arborea acts as a host for a rich assemblage of crustacean 
symbionts of which G. canadensis is the only one known 
to change its growth form (Buhl-Mortensen and Mortensen 
2004b, 2005).

The purpose of this study was to investigate the eco-
logical association between G. canadensis and P. arbo-
rea, including new morphological details on this highly 

specialized copepod parasite. We describe the morphology 
of the galls, the position of the parasite (females, males 
and egg sacs) within the galls, and analyze the relationship 
between gall volume and the number of females, males, and 
egg sacs within galls. These observations are compared with 
data from Canada (Buhl-Mortensen and Mortensen 2004a). 
Scanning electron microscopy was used to examine mor-
phological details of specialized thoracic appendages of this 
endoparasitic copepod and thread production by a parasitic 
copepod is reported for the first time.

2  Material and methods

The galls studied were all from a single colony of Para-
gorgia arborea that was sampled in an epibenthic sledge 
during a MAREANO cruise in the Norwegian Sea in 2010, 
station R534 (70° 41.61'N,  18o 38.58'E) at 318 m. Eight seg-
ments with galls were cut off from the coral branches and 
preserved in 70% ethanol. Each gall was assigned a number 
to keep track of content and to be able to relate content to 
gall morphology. The height (H) and horizontal width (W) 
of the galls was measured and volume was estimated using 
the ellipsoid formula: Volume = 4/3 * π * A * B * C where 
A – C are the radius for the ellipsoid in all three dimensions. 
A = gall height/2, B = gall width/2, and C = the smallest of 
A or B.

The number of “chimneys” (a protruding structure on top 
of the gall) was recorded, and their length measured (Fig. 2). 
The galls were carefully dissected to document the content 
and provide an overview of the inner arrangement (Fig. 3). 

Fig. 1  Schematic longitudinal section of octocorals with lamip-
pid species in the coral coenosarc. a The host Alcyonium palmatum 
with the species: A. Lamippina aciculifera, F. Lamippella faurei, 
and E. Enalcyonium rubicundum. b The host Paramuricea chamae-
lion with the species M. Linaresia mammillifera (females and males), 
P. Enalcyonium parvum, and S. Enalcyonium setigerum inside. The 
males are in general smaller than females and are reported to move 
freely in the coenosarc. The highly modified and large females of L. 
mammillifera and Gorgonophilus canadensis probably have a per-
manent position within a polyp or gall. Figure modified from: Bou-
ligand 1960

Fig. 2  a Branch of the deep-water coral Paragorgia arborea (adopted 
from: Buhl-Mortensen and Mortensen 2005) scale bar 5 cm. b a gall, 
with three chimneys from the outer parts of a coral branch and with 
several normal polyps below, scale bar 1 cm
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In some galls, the positions of females were documented. 
Female and male parasites inside the gall were counted and 
measured by length. Egg sacs were counted; length of only 
two egg sacs were measured due to their brittleness. All dis-
sected material was stored on 70% alcohol. For photographs 
and measurements, a Leica stereomicroscope connected to 
a digital camera and the program QImaging were used. The 
relation between the volume of galls, and the number of 
females, males, and egg sacs within galls was investigated 
using linear regression analysis. The analysis was con-
ducted on the eight Norwegian galls described here, and 
on an increased dataset by adding 17 galls from a Canadian 
material (of in total 23 galls) for which single gall content 
was available from Buhl-Mortensen and Mortensen (2004a).

Large and intact female and male individuals were selected 
for detailed morphological studies using Scanning Electron 
Microscopy (SEM). For SEM preparation, specimens were 
dehydrated in an ascending ethanol series, starting with 70% 
and ending with 100% (10 min per dilution through 95% and 
15 min × 3 for 100%). Drying of specimens was completed 
with a Samdri 795 Critical Point Dryer and then specimens 
were mounted on aluminum stubs followed by coating with 
gold using an EMS-550 sputter coater. Specimens prepared 
for SEM were examined using a FEI Quanta 250 SEM. Fig-
ures were produced using Adobe Photoshop and measure-
ments of structures were made using ImageJ software.

3  Results

The galls mainly occurred on the outer parts of the 
branches of the host colony. On top of each gall one to 
three chimney-like structures were present, representing 

a possible pathway for passage of larvae from the inside 
of the gall to the surroundings (Figs. 2, 3 and 4, Table 1). 
The male, female, and egg sacs were often situated close 
to the inner wall of the gall, and the large egg sacs that 
were attached to the wall were easily destroyed during 
dissection (Figs. 3 and 4). Females were often oriented 
head down in the gall, away from the upper parts with the 
chimneys.

Morphology In general, the female morphology matches 
the original species description with a spindle-shaped body 
with weak segmentation and the cephalothorax was bent 
downwards, often at a steeper angle in females than males 
(Fig. 5a). The females have large lateral lobes on each side 
of the head that is typical for this species and were 4–5.7 mm 
in length. The males are 1.9–2.3 mm long and in general less 
than half of the female length. The gonopores are clearly 
visible on the lower part of the female body (Fig.  5b). 
There are two pairs of antennae; antennules appear unseg-
mented with setae, antennae have 3 segments. Two pairs 
of legs are present, both biramous with single segmented 
exopodite and two segmented endopodite. Exopodite and 
endopodites terminate with palmately arranged digitations 
on distal segments. In large females, the exopodites have 
at least eight modified spines and the endopodites have six 
(Fig. 4F in Buhl-Mortensen and Mortensen 2004a). The two 
egg sacs measured were 2.4 and 2.8 mm in length (Fig. 3) 
and approximately half the length of females. The egg sacs 
(Fig. 5d) contained eggs approximately 125 µm in diameter 
that are arranged in a spiral pattern within the egg sac, and 
a single egg sac is estimated to contain 400–500 eggs. No 
free larvae were encountered inside the galls but a few fully 

Fig. 3  Longitudinal section of the a chimney-like structure. Two 
egg sacs measuring 2.8 and 2.4  mm inside the gall are shown with 
arrows; lamellae of the polyps can also be seen and may have stabiliz-
ing functions, scale bar is 1 mm Fig. 4  Opened gall with large female in the middle and three egg sacs 

attached to the wall of the gall, scale bar is 1 mm
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developed nauplius larvae (125 µm) were recorded among 
the eggs (Fig. 5c).

Gall size and content Size and estimated volume of galls 
varied from the smallest with a height and width of 3.1 and 
5.2 mm, respectively, and an estimated volume of 0.209 
 cm3 to the largest with the corresponding measures being 
12.5 and 8.2 mm and 3.52  cm3 (Table 1). On average, galls 
contained 1.6 females, 1.0 males and 7.3 egg sacs. The two 
largest galls both housed 3 females and 1 male together with 
10 and 17 egg sacs; in contrast, only a single male individual 
inhabited the smallest gall (Table 1). Numbers of females, 
length of females, and number of egg sacs increased with 
increased estimated gall volume (Fig. 6a−e). The relation 

between gall volume and length of females was significant 
(r = 0.53; p < 0.05, df 12). The number of egg sacs in the 
galls showed a positive and significant correlation with 
number and length of females, r = 0.84 (p < 0.05, df 7) and 
r = 0.56 (p < 0.05, df 12), respectively (Fig. 6d, e). Com-
paring our Norwegian results with data from Canada pub-
lished by Buhl-Mortensen and Mortensen (2004a) (Table 1) 
showed that the Canadian material had a larger range in 
numbers of males and females per gall with a maximum of 
five and seven, respectively. The largest female in the Cana-
dian material was 8.5 mm while in the Norwegian material 
it was 5.7 mm. We also analyzed the larger combined dataset 
of 25 that included eight Norwegian galls and 17 galls from 
the Canadian material (Fig. 7). The correlation between 

Fig. 5  Photos of Gorgonophilus 
canadensis: a Mature female 
(5.2 mm) and male (1.8 mm) in 
lateral view. The female shows 
the typical forward bent posture 
with head and mouth close to 
the thoracic appendages and 
weak segmentation is visible. b 
SEM photos of mature female, 
ventral side with a bundle 
of threads visible below the 
head and gonopores on the 
abdomen. c Photo of nauplius 
(length = 125 μm) from egg in 
egg sac, d SEM of an egg sac 
showing spiral packing of eggs, 
e SEM detail of the female 
gonopore
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numbers of females and egg sacs in galls (Fig. 7a, b) was 
positive and significant (r = 0.60, p < 0.01) when one outlier 
of 7 females in one gall was excluded. The relation between 
presence of males and egg sacs in galls (Fig. 7c) was also 
significant (r = 0.40, p < 0.05).

New observation of highly specialized appendages SEM 
analysis of the new Norwegian material shows that the 
spines of the legs are tubular and 50–100 µm long (Fig. 8b); 
the distal end of the spines have a ring of approximately 30 

rounded digitations surrounding an opening (Fig. 8c, d). The 
spines appear elastic, flexible, and have no segmentation 
(Fig. 8b). In some specimens a bundle of threads appeared 
to be excreted from this distal opening, forming a dense 
matt of threads below the female head (Figs. 8c, 9a, b). The 
threads appear to be excreted from glands opening below the 
rounded digitations at the tips of the spines. High magnifi-
cation of the excreted threads reveal that they are approxi-
mately 1–3 µm in diameter and exhibit round, droplet-like 
formations along the lenth (Fig. 9c, d).

Fig. 6  The relation betweeen estimated gall volume and content of; 
a number of females, b length of females, and c number of egg sacs. 
The relation berween number of egg sacs in a gall and d number of 

females and e length of females in the gall. Based on the Norwegian 
material of eight galls containing 13 females. *: p < 0.05
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Fig. 7  Plots of the relation between gall content of egg sacs, females 
and males based on the 25 galls, 8 galls from the new Norwegian data 
and 17 galls from the Canadian data reported by Buhl-Mortensen & 

Mortensen (2004a). a and b relation between number of females and 
egg sacs, in b the extreme value of 7 females in one gall is excluded. 
c numbers of males in relation to egg sacs. **: p < 0.01, *: p < 0.05

Fig. 8  SEM photos of Gorgono-
philus canadensis: a Female 
head with antennae and upper 
body with the two pairs of 
thoracic appendages. b Close 
up of appendages below the oral 
cone. c Lateral view of the tip 
of a single spine on a thoracic 
appendage with multiple threads 
being excreted. d Distal end of 
a spine showing rounded digita-
tions at the tips
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4  Discussion

The content of galls (Table 1) was similar to observations 
in the Canadian study of the parasite, where the average 
numbers in galls was 2.0 females, 1.2 males and 7.5 egg 
sacs (Buhl-Mortensen and Mortensen 2004a). However, the 
size of the female and male described in the Canadian mate-
rial (8.5 mm and 2.5 mm, respectively), and the maximum 
number of males and females in a gall, were considerably 
larger than in the Norwegian material. This was probably 
because the Canadian material included three times more 
galls than the Norwegian material and came from four dif-
ferent colonies, while the Norwegian material was from one 
colony. However, the Norwegian material was in better con-
dition, stored directly in 70% ethanol after collecting, while 
the Canadian galls were from frozen colonies, affecting the 
quality of their content.

Size, age, and content of galls The galls with the largest vol-
ume contained females and egg sacs above average, and the 
smallest gall had no egg sacs and was inhabited by the small-
est female recorded and a small male (Table 1). Gall volume 
showed a positive correlation with abundance of parasites 
and egg sacs inside (Fig. 6). It is not known how the cope-
pods induce gall formation or how it interacts with its host 
to cause the gall to increase in size as the inside population 

increases (but see review of gall-inducing lamippids by Kor-
zhavina et al. 2021). However, the large numbers of females/
gall (e.g., 7 in a single gall) could indicate that the Canadian 
galls were older and had grown to a substantial size; unfortu-
nately, the galls in this material were not measured.

We have shown that the galls of G. canadensis not only 
house the large females and the minute males, but the walls 
are also used to anchor the egg sacs. This may explain the 
close relationship between gall size and number of egg sacs 
and females. Based on the linear relation between number 
of females (NF) and gall volume (GV) from the Norwegian 
material: NF = 0.0006 × GV(mm3) + 0.45 (see Fig. 6a) a gall 
with 7 females would be predicted to have a volume of 10917 
 (mm3). The female length to gall volume relation from the 
Norwegian specimens: FL(mm) = 0,0003 × GV(mm3) + 4.2 
(see Fig. 6b) indicates that the largest female in the Canadian 
material may have come from a gall of approximately 14333 
 mm3. This suggests that the largest Canadian gall was 3–4 
times larger than the largest gall in the Norwegian material 
(3600  mm3). The occurrence of large numbers of egg sacs 
together with several adult females inside a single gall of 
G. canadensis could indicate that the gall and parasite are 
long-lived and/or has multiple generation cycles inside a 
gall. Furthermore, we did not observe any remnants of for-
mer inhabited galls; however, at present, we can only specu-
late on how long a gall exist and the age of its inhabitants. 

Fig. 9  SEM photos of Gorgono-
philus canadensis: a Head of 
female showing the dense matt 
of threads from to the thoracic 
appendages. b Close-up of of 
the thoracic appendages, mostly 
obscured by the threads. c and 
d High magnification of the 
excreted threads with round 
droplet-like formations
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Grygier (1981) similarly concluded that the gall forming 
ascothoracid barnacle Gorgonolaureus muzikae was long-
lived based on the findings of many adult females parasitic 
in a Hawaiian gorgonian.

During the dissection of the eight Norwegian galls, 
including their chimneys, no free nauplius larvae were 
found and we do not know how it enters the host. Our new 
record of G. canadensis from Norway shows that it occurs 
on both sides of the North Atlantic. The intensity of para-
sites in hosts is often high with as many as 8 galls in a single 
colony, each of which includes several copepod specimens. 
This shows that this newly described species is widely dis-
tributed, and its larva is able to disperse well. The galls are 
mainly found on the outer parts of the host colony branches. 
We speculate that the copepod larva settles on the colony 
surface and enters the coenenchyma via the polyp; once 
inside the host, it can develop and gradually induce gall 
formation. The galls do not appear to have additional open-
ings other than their chimney(s) and it has been suggested 
that larvae hatched in the gall could escape by using the 
narrow passage through the chimney (Buhl-Mortensen and 
Mortensen 2004a). Penney et al. (2021) suggested nauplii 
(~ N5 stage) of L. bouligandi were released from the host 
for dispersal to nearby or distant sea pen hosts. Once a host 
coral is infested, studies shows that lamippid copepods can 
move inside the host coenosarc (Bouligand 1960, and Fig. 1) 
and it is potentially able to parasitize other parts of the host.

In addition to G. canadensis there are four gall forming 
species in the lamippid family. Isidicola antarctica (Gra-
vier 1914a, b) and Sphaerippe caligicola (Grygier 1980), 
appear to induce gall formations in their hosts Primnoisis 
formosa Gravier, 1913 and Callogorgia sp., respectively 
(Williams et al. 2016). According to Gravier (1914a, b), 
the galls inhabited by I. antarctica normally contain one 
small male, one small female, several juveniles and free 
eggs. He suggested that the parasites can orient in the gall 
using their antenna to detect stimuli. There might be several 
sensors located on their body helping them to orient inside 
their gall as suggested by Bouligand (1960, 1996). Lina-
resia magna Grygier, 1980 is a gall forming species from 
the Hawaiian gorgonian Placogorgia sp.. Grygier (1980) 
found that galls typically contained a female and male pair 
(rarely 2–3 males) and eggs; in some cases, females were 
found associated with galls produced by the ascothoracid 
barnacle G. muzikae and solitary males were found occa-
sionally outside of galls (Grygier 1980). A recently discov-
ered lamippid copepod Ptilosarcoma athyrmata Williams 
et al. 2016 infests leaves of the sea pen Ptilosarcus gurneyi 
(Gray 1860), living in the Strait of Georgia, British Colum-
bia, Canada (Williams et al. 2016). The galls are spherical 
structures along the leaves, showing differences in size and 
shape. Females and males have an average size of 2.1 mm 
and 1.4 mm, respectively, and every gall contains one of 

each sex. G. canadensis differs both by containing an aver-
age of two females and one male per gall and by having a 
substantially larger size, with average measures of 4.9 mm 
and 2.0 mm, respectively (Table 1). Another difference is the 
presence of egg sacs inside the galls of P. arborea, whereas 
eggs were reported as loose inside the galls for all the other 
species.

New morphological observations Details not reported by 
Buhl-Mortensen and Mortensen (2004a), include high mag-
nification SEM photos of thoracic appendages and the posi-
tion of the female gonopore. The appendages appear to be 
flexible and the elasticity of the cuticle allows movement 
without segmentation. The spines of the thoracic append-
ages appear to have glands on their tips through which thin 
threads are excreted. Threads or mucous secretions like this 
have only been reported in a few cases among crustaceans. 
A small number of copepod species are known to produce 
mucus to aid in food capture (Cahoon 1982; Hicks and Gra-
hame 1979; von Vaupel Klein and Koomen 1994) or for 
tube-building (e.g., Chandler and Fleeger 1984; Williams-
Howze et al. 1987). Similarly, the production of “silk” to 
build tubes has been documented in amphipods (Kronen-
berger et al. 2012a, b; Neretin 2016; Neretin et al. 2017) 
and tanaids (Kakui and Hiruta 2014, 2017; Kaji et al. 2016; 
Kakui et al. 2021).

The function and chemical composition of the threads 
produced by G. canadensis remain unknown but could be 
composed of mucus or a mixture of mucopolysaccharides 
and protein. Based on the morphology of the threads, they 
appear to be similar to the silk threads produced by amphi-
pods (e.g., compare Fig. 9C herein to Fig. 3E in Neretin 
et al. 2017). Whether they are true spun “silk” (Vollrath and 
Porter 2009) is in need of further research, and future work 
could also include silk proteomic studies as has been done in 
tanaids (Kakui et al. 2021). As to the function, the excreted 
threads could be involved in feeding (see below) or involved 
in gall formation or fastening of eggs sacs within the host.

Some lamippid copepods are morphologically adapted 
to move around inside their host, as was described by 
Bouligand (1960, 1966) (see Fig. 1). Bouligand (1960) 
reported that mobile species have small, slender bodies 
(males smaller than females) and can move freely in the 
coenosarc. He suggest that species with the highly modi-
fied and larger females have a permanent position within a 
polyp or gall. The larger and highly modified females of G. 
canadensis are likely not able to move outside the gall while 
the smaller males and larvae might be able to use channels 
in their hosts coenosarc or move to the surface of the host 
and parasitize other parts of the colony. The coral genus 
Paragorgia is unique by having three large channels in its 
medulla (Sánchez 2005).
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Mature females residing in the galls likely survive by eat-
ing the tissue of their host, by scraping it from the wall, as 
suggested by Patton (1976), Mortensen and Buhl-Mortensen 
(2004a) and Penney et al. (2021). The feeding biology of 
lamippids is poorly known, but Bouligand (1960) showed 
Enalcyonium feed on eggs and endodermal material from the 
host. G. canadensis has not been documented to be an egg 
predator of the host, and eggs of the host were not observed 
in the galls. It should be investigated whether the excreted 
threads could be involved in the feeding by copepods on host 
endodermal and/or gonadal tissue.

Bouligand (1960, 1996) examined adaptations of lamip-
pids and noted their elastic cuticula that allowed for peri-
static movement and excretion of droplets from its surface. 
According to his observations using light microscopy, sev-
eral lamippids have “ …. at the tip of setae, a bundle of 
needles (or aciculae), with droplets slowly running along 
them…”, in some species this occurs only on the furca and 
others they are found on all appendages. Our observations 
of droplet-like formations on the threads excreted by the 
appendages of G. canadensis are likely not homologous with 
the droplets described by Hipeau-Jacquotte (1986) and Bou-
ligand (1996). Many questions remain to be answered the 
functions of these features and to better understand the natu-
ral history of lamippid copepods. We hope that our study 
of the Norwegian material of G. canadensis will increase 
the understanding of the ecology of this highly specialised 
parasite and its relation to its coral host.
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