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ABSTRACT The description and application of a modified Scanning Electron Microscope
preparation technique using hexamethyldisilazane for small parasitic copepods was demon-
strated though a high resolution depiction of individuals of Ergasilus labracis sampled from
three spined stickleback (Gasterosteus aculeatus) in Bay D’Espoir, Newfoundland during
summer 2015 and from archival samples retrieved from Atlantic salmon par (Salmo salar)
stored at the Atlantic reference centre, St. Andrews, New Brunswick. The specimens were very
well preserved showing high quality detail of important features and verifying those previously
described using light microscopy by Hogans. Additionally the technique allowed excellent in situ
demonstrations of mouth parts, swimming legs, and unusual and previously undescribed fea-
tures of the second antenna including prominent striations and pore-like structures found to
define the claw. It is thought that this technique will become a quick and efficient tool for describ-
ing important taxonomic features of small parasitic copepods like E. labracis or other similar
small aquatic organisms. Microsc. Res. Tech. 00:000–000, 2016. VC 2016 Wiley Periodicals, Inc.

INTRODUCTION

Parasitic copepod infestations have become a global
epidemic for many species of cultured fish especially
salmonids, and are also known to be ecologically
important for many wild species (Costello, 2009; John-
son et al., 2004). The continued development and
expansion of brackish and marine aquaculture into
new areas has intensified the interest in understand-
ing the biology of these organisms and how they inter-
act with both wild and farmed species (Johnson et al.,
2004). While the most common parasitic copepods
reported from farmed and wild fish belong to the fam-
ily Caligidae, members of other families have also been
noted as significant (Johnson et al., 2004).

Ergasilus labracis is a small parasitic copepod belong-
ing to the family Ergasilidae first described by Kroyer
(1864) and subsequently redescribed by Wilson (1911)
and Hogans (1991). It is noted to be euryhaline and only
the female is parasitic on the gill and body surface of a
wide range of fishes (Eaves et al., 2014; Hogans, 1991).
Relatively recent observations of increases in the preva-
lence of this species in areas with an expanding aquacul-
ture industry (Eaves et al., 2014) and documented
incidents of reduced fitness and mortality in farmed and
stocked salmonids (Hogans, 1989; Tildesley, 2008) have
initiated new interest in the biology of this group includ-
ing external morphology which can be used for taxo-
nomic classification and the relationship between
structure and function, that is, morphological specializa-
tions for host specific grazing or attachment.

Scanning Electron microscopy (SEM) is well
accepted as one of the most important methods for
study of the morphologic characteristics of copepods
and related small crustaceans, including the parasites
(Grice and Lawson, 1971; Pulsifer, 1975). Unfortu-
nately, morphological studies of the Ergasilidae using
SEM techniques are rare. Abdelhalim et al. (1993) pro-
vided a brief comparative SEM study of some features
of the external morphology of adult female ergasilids
of the genus Ergasilus and Neoergasilus stating that
there is a lack of detailed information on the external
morphology of ergasilids generally, and that important
integumental structures have been overlooked. Sus-
umu et al. (2004) provided a partial SEM morphologi-
cal survey of ergasilid copepods sampled from
plankton collected near Hokkaido Japan but failed to
provide any information on how the material was pre-
pared. Similarly, Schlebusch (2014) in a study of the
phylogeny of the African genus Ergasilus included
some overview SEM images to supplement Camera
lucida drawings.

*Correspondence to: Harry M. Murray; Fisheries and Oceans Canada, North
Atlantic Fisheries Center, P.O. Box 5667, St John’s, Newfoundland and Labra-
dor, A1C 5X1 Canada. E-mail: Harry.Murray@dfo-mpo.gc.ca

Received 1 March 2016; accepted in revised form 19 April 2016

REVIEW EDITOR: Prof. George Perry

Contract grant sponsor: Department of Fisheries and Oceans Canada, Aqua-
culture Collaborative Research and Development Program (ACRDP) and Cooke
Aquaculture Inc.

DOI 10.1002/jemt.22680
Published online 00 Month 2016 in Wiley Online Library (wileyonlinelibrary.com).

VVC 2016 WILEY PERIODICALS, INC.

MICROSCOPY RESEARCH AND TECHNIQUE 00:00–00 (2016)



Traditional SEM preparation protocols are known to
be particularly rigorous and time consuming, and thus
not always considered routine for the quick prepara-
tion of small delicate organisms due to their structural
complexity and relatively delicate integument (Pulsi-
fer, 1975). Critical points drying (CPD) and/or freeze
drying are considered the gold standard for drying
specimens prior to coating with heavy metals or carbon
for SEM visualization (Boyd and Wood, 1969).
Unfortunately, the cost of such equipment and time
can be inhibitory for some applications, especially
when working with delicate tissues or organisms. Over
the past number of decades alternative methods for
drying and tissue preparation for SEM have been
developed (i.e., Hexamethyldisilazane, Peldri II, tetra-
methylsilane, and methoxypropane) and have shown
good results for the preparation of small delicate speci-
mens with less time and expense, achieving high qual-
ity surface structure representation (Barre et al.,
2006; Bray et al., 1993; Braet et al., 1997; Dey et al.,
1989; Laforsch and Tollrian, 2000; Lerosey-Aubril and
Meyer, 2013; Mitchell and Miller, 2008; Muller and
Jacks, 1975; Shively and Miller, 2009).

The hexamethyldisilazane (HMDS) method relies on
replacement of an ethanol dehydration medium with
HMDS, which is subsequently evaporated. HMDS has
a lower surface tension than water and is believed to
provide structural support by cross-linking proteins
(Braet et al., 1997 as cited in Barre et al., 2006; Nation,
1983). The suitability of HMDS for drying biological
specimens has been shown on insects (Heraty and
Hawks, 1998; Nation, 1983) and small aquatic organ-
isms typically less than 10 mm (Hochberg and Litvai-
tis, 2000; Laforsch and Tollrian, 2000; Moraes and
Bouzon, 1995).

This article reports on a simplified HMDS treatment
using uncoated specimens for SEM visualization and
demonstrates detail of the external morphology of
adult female Ergasilus labracis, including the swim-
ming legs, antennae, and mouth structures. These
observations will contribute to the further clarification
of features related to taxonomy and the relationship
between structure and function in these parasites. It is
thought that this simplified technique will provide a
routine method for high resolution studies of copepod
parasites like E. labracis.

MATERIALS AND METHODS
Sample Collection

Adult female E. labracis (Kroyer, 1864) were
obtained from three-spinedsticklebacks (Gasterosteus
aculeatus) sampled monthly from beaches adjacent to
commercial trout farms in Bay D’Espoir, NL, from May
to September 2015. Fish were surveyed for E. labracis
and copepods were collected from the pectoral fin
(underside of the fin and axil) and the pelvic fin, axil
and belly adjacent to the abdominal spine. Individual
copepods were removed and fixed in 10% Neutral buf-
fered formalin in a 20 mL scintillation vial at 48C for
24–48 hours. Additional samples were obtained from
Atlantic salmon gills sampled from the St. John River,
New Brunswick during July 1988 and kept in archival
storage (70% isopropanol) at the Atlantic Reference
center, St. Andrews, NB, Canada.

Post Fixation Washes

Due to the presence of contaminating tissue and
mucus from the host thought to possibly prevent the
visualization of fine structures, freshly formalin fixed
samples were passed through a series of post-fixation
washes. Washes were carried out in small plastic Pet-
rie dishes. Solutions from each wash were decanted
using a transfer pipette. Post fixative washes were of 5
minutes duration with gentle swirling. Each wash was
threefold and included (1) 13 Dulbecco’s phosphate
buffered saline; (2) Distilled water; (3) 0.1% Tween 80
in distilled water; followed by three final washes in dis-
tilled water. Samples were passed through an ethanol
series to 100%, transferred back to a glass scintillation
vial and stored at 48C to wait further processing.

The archival samples arrived stored in 70% isopro-
panol and were not washed according to the same pro-
tocol as the fresh samples. They were placed directly
into 100% ethanol and stored overnight to await
HMDS treatment.

HMDS Treatment

The majority of the ethanol was decanted from the
vial carefully and replaced with 2 mL of HMDS
(Sigma) as a wash. The vial was swirled and then
allowed to sit for 2 minutes. The remaining HMDS/
ethanol was decanted and replaced with 1.5 mL of
pure HMDS. The vial was covered and allowed to sit
for 30 minutes. After the 30 minutes the vial (without
lid) was placed in a newly charged desiccator, evac-
uated, and allowed to sit overnight in order for the
HMDS to completely evaporate (�12 hours).

Following desiccation, samples were removed from
the vial using a small camel hair brush and trans-
ferred to a plastic Petri dish, following which individu-
als were moved and oriented on SEM stubs coated
with carbon mounting tape using an eye lash brush.

Light Microscopy

Fresh unfixed specimens of E. labracis were visual-
ized and photographed using a Motic SM2168 series
stereo zoom microscope equipped with a Moticam 580
5.0 mega pixel camera with Motic Images plus 2.0 soft-
ware. Images were organized into plates using Photo-
shop Elements 11.

Scanning Electron Microscopy

Samples were viewed on a Phenom Pro X desktop
scanning electron microscope without coating. The
scan settings were set at 5 kV and 1024 resolution in
point mode for best quality image viewing and capture.
Images were organized into plates using photoshop
elements 11.

RESULTS

Ergasilus labracis was found in high densities in
association with the abdominal (pelvic) spine and pec-
toral fin of freshly sampled three-spined sticklebacks
(Gasterosteus aculeaus) from Newfoundland, Canada
(Fig. 1a) and from fixed gill filaments of Atlantic
salmon parr from New Brunswick, Canada (Hogans,
1989). Gravid females were approximately 1 mm in
length (Figs. 1b and 1c). In total, approximately 60
archived samples (NB) and over 5000 fresh fixed

2 H.M. MURRAY ET AL.

Microscopy Research and Technique



samples (NL) were examined during the study using
standard light microscopy. Of these, 100 of the NL and
30 of the NB copepods samples were used for SEM
observation. No distinguishable morphological differ-

ences were noted between samples from New Bruns-
wick (NB) and Newfoundland (NL).

Figure 1c is an overview SEM for a single gravid
female following fixation, ethanol dehydration and
HMDS treatment. Well preserved surface detail was
evident following the HMDS protocol and the following
descriptions illustrate the application of this protocol
in preserving fine structural detail and have the bene-
fit of providing the first high resolution description of
the external features of the species.

Antennae and Antennule

Figure 2a gives an SEM overview of the anterior
region (top-right in figure) of E. labracis including
both the antennules and the grasping second anten-
nae. The antenna is divided into three segments
including a terminal claw. The first segment is thick-
ened and robust and screened partially by a large
inflated membrane structure (Fig. 2a). The inner mar-
ginal joint between the first segment and the subchela
(segment 2) possesses five small sensory setae (Fig.
2b). The subchela is further characterized by a protu-
berance on the inner margin near the distal end (Fig.
2c) and by a small sensillum appearing midway along
the same structure (Fig. 2b) The claw (segment 3) is
defined by two flat blunt teeth near the proximal end
and further characterized by linear grooves which run
along its length, each containing rows of small pores
ending near the tip (Figs. 2b–2d).

The antennules were paired and organized into six
segments, defined by numerous setae, primarily ori-
ented anteriorly and slightly to the ventral (Figs. 3a
and 3b). The terminal segment has five setae which
extend laterally (Fig. 3c). The third segment has a
small shortened seta or possibly a sensillium (Fig. 3b).

Mouth

Morphological details of the mouth of E. labracis are
shown in Figure 4. All component structures appear
well preserved with good detail. The mouth is defined
by a slightly protruding labrum on the ventral side of
the cephalothorax and situated just anterior to the
first legs (Fig. 4a). The lip of the labrum is armored
with a row of spicules and fine hairs on its outer edge
(Figs. 4a and 4b). The mandibles are situated adjacent
to the labrum with the heavily fringed surface pointing
down toward the labium and the maxilla. The setae
making up the fringe are curved inward toward the
mouth (Fig. 4c). The first maxillae are stout knob-like
structures with two robust setae pointing outward
away from the mouth. The upper surface of these max-
illae is covered with rows of small setae (Fig. 4b). The
second maxillae are large comb-like structures situ-
ated above the labium. The comb portion is made up of
rows of sharply hooked setae (Figs. 4b and 4c).

The basal joint of the second maxilla is shown to be
robust and prominent with a smaller terminal joint
guiding it’s the comb (Fig. 4a).

Swimming Legs

Morphological details of the swimming legs are
shown in Figures 5a–5c. Ornamental structures and
armature were well preserved and generally all prepa-
rations showed a high degree of detail. All legs were

Fig. 1. Overview micrographs of Ergasilus labracis. (a) Abdominal
spine region of a three-spined stickleback heavily infested with E.
labracis; (b) light micrograph of gravid female E. labracis (arrow
indicates second antennae); (c) scanning electron micrograph of a
gravid female E. labracis following formalin fixation, cleaning, etha-
nol series dehydration, and final drying with HMDS (arrow indicates
second antennae). Pec fin, pectoral fin; Erg, infesting E. labracis; Ab
spine, abdominal spine. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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biramous. Rami are three segmented with the excep-
tion of the exopod of leg four which was two segmented
(Fig. 5a).

The proximal segment of the exopod of the first leg
has a patch of denticles and a spine distally located on
the outer margin (Figs. 5b and 5c). The medial seg-
ment of the leg one exopod also has an additional two
rows of denticles on the outer rim (Fig. 5b). The distal
segment has a patch of denticles marginally located
with two short spines exhibiting serrations on the
outer edge (Figs. 5b and 5c), plus four short setae and
one elongated setae on the inner margin (Fig. 5c). The
endopod of the first leg also possesses a row of short
denticles at the protopod attachment site (Fig. 5b). The
medial segment of the endopod also has a row of den-
ticles on the marginal portion of the outer edge
(Fig. 5b). The distal segment has two spines of unequal
sizes with the inner longer than the outer (Fig. 5b).

Each of the remaining legs is armored with denticles
along the outer margins of both the exopods and endo-
pods (Fig. 5a). The distal segments of the rami typi-
cally contain up to six blunt setae (Fig. 5a).
Occasionally the medial segments of either the endo or
exopods will possess one or two setae on the inner mar-
gin (Fig. 5a). The fifth vestigial leg was difficult to see
and frequently found to be held close to the anterior
end of the genital segment (Fig. 5a).

DISCUSSION

The SEM preparation method applied in this study
was developed after it was shown that other rapid
methods did not produce satisfactory results for E. lab-
racis. It was observed that passing samples through
an ethanol dehydration series without HMDS resulted
in the appearance of collapsed soft tissues. Also the
use of a freezing stage (Phenom) on wet samples
resulted in obscured features due to the formation of
ice and a general reduction of resolution (unpublished
observations). Abaunza et al. (2001) in a study of the
rare parasitic copepod Pennella balaenopterae from fin
whales had difficulty in producing good quality prepa-
rations for SEM, likely due to post mortem changes in
the parasite, whale grease contamination and a lack of
appropriate fixation prior to dehydration and coating.
In the current study, we used a combination of routine
chemical fixation, an aqueous detergent based wash
step, followed by HMDS treatment to provide high
quality SEM images of E. labracis showing well-
preserved surfaces and surface structures. The proc-
essing of samples followed by gold sputter coating have
previously been shown to provide good results in other
small aquatic organisms and insects, including other
small species of the genus Ergasilus (Abdelhalim et al.
1993; Alston et al. 1993; Heraty and Hawks, 1998;

Fig. 2. Ergasilus labracis, scanning electron micrographs. (a) Over-
view of the anterior region (top-right in figure) demonstrating the sec-
ond antenna and it’s three distinct segments (1 2 3); Asterisk, inflated
membrane. (b) High resolution image of the inner margin of the sec-
ond antenna showing setae at the joint between segment 1 and 2
(subchela) (large white arrow), a small sensillium situated approxi-

mately midway along the inner margin of segment 2 (white arrow
head) and a blunt protuberance near the distal end of the segment
(black arrowhead); (c) segment 3 (claw) showing presence of distinct
striations and two blunt flat blunt teeth (black arrows); (d) high reso-
lution image of claw showing detail of striations including pores
(black arrowheads).
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Laforsch and Tollrian, 2000; Nation 1983; Serrao,
2001). Alston et al. (1993) also included extensive
wash steps in SEM preparations of Ergasilus briani in
order to remove mucus contamination prior to critical
point drying and sputter coating with gold. Images
produced from the present study were comparable to

those presented in Alston et al. (1993) including fine
detail of the spicules on the swimming leg rami and
mouth structures. Unfortunately this study failed to
provide any comparable high resolution features of the

Fig. 3. Ergasilus labracis, scanning electron micrographs. (a) Over-
view of the anterior region demonstrating the antennules angled
slightly to the posterior (white arrowheads); (b) high resolution image
of antennule showing detail of the segmental setae and a small sensil-
lium situated laterally on the third segment (white arrow); (c) high
resolution image of the distal segment of an antennule showing detail
of the distal setae. st, setae; ds, distal setae.

Fig. 4. Ergasilus labracis, scanning electron micrographs. (a) Over-
view of the mouth region demonstrating the labrum with hair-like
ornamentation (black stars) and the left second maxillae; (b) high
resolution image of the mouth showing detail of the first (small white
arrow head) and second maxillae, armature at the lip of the labrum
and further detail of the labrum ornamentation; (c) high resolution
image of the mouth demonstrating the organizational relationship
between the mandibles and the second maxillae, note the secondary
mandible comb (large white arrowhead). lb, labrum; mx1, maxilla 1;
mx2, maxilla 2; md, mandibles.
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second antennae as demonstrated in the current study.
In a similar investigation, comparing individuals from
the genus Ergasilus and Neoergasilus Abdelhalim
et al. (1993) provided high resolution images of gold-
coated specimens illustrating detail of the dorsal
cephalic shield, antennule and some features of the
mouth. The quality of the preparations provided in
this study were again comparable to those presented
in the current study, including images made at high
magnification. The production of high quality prepara-
tions and excellent images even in the absence of criti-
cal point drying (CPD) and sputter coating in the
present study allows for improved efficiency in sample
preparation as well as an increase in the number of
samples that can be processed at any point in time.

To the best of our knowledge the present study is the
first to examine E. labracis specimens at high resolu-
tion and has provided an opportunity to verify and add
to previous descriptions of the species. E. labracis was
originally described by Kroyer (1864) and again by
Wilson (1911). Roberts (1970) provided a revision and
key to various species of the genus Ergasilus from dif-
ferent hosts but only added a brief morphological
description of E. labracis. Hogans (1991) provided the
first comprehensive description of the species following
that of Wilson (1911).

Within the present study we were able to verify the
structural features of the first and second antennae
described by Hogans (1991). The first antenna as
observed by Hogans (1991) was six segmented and arm-
ored with varying numbers of setae depending on the
segment, due to orientation issues it proved difficult,
however, to verify the exact numbers of setae per seg-
ment in our samples. Morphological details of the sec-
ond antenna were verified, including a three segmented
format. Specific features like the protuberance on the
inner margin of the subchela and the two blunt teeth
structures at the base of the claw were also substanti-
ated. Interestingly high resolution imaging in the pres-
ent study also showed distinct striations with pores
specific to the claw. These have not been previously
described and could be used as an important taxonomic
feature. Descriptions of striations on the claw of the sec-
ond antenna of parasitic copepods are rare. Interest-
ingly, Dezfuli et al. (2008) did describe similar features
on the proboscis hooks of the Acanthocephalan parasite
Dentitruncus truttae but did not indicate the presence
of pores. They showed that there was little support for
the idea that the surface striations might enhance
attachment in the intestine of brown trout. Alterna-
tively, the occurrence of the striations in E. labracis
might provide additional structural strength to the
claw when grasping gill structures or even more so
when attaching to the outer surface epidermal struc-
tures of the host where the parasite is less protected.

Swimming leg characteristics were also very well
preserved in preparations from the present study. The
majority of the morphological features described by
Hogans (1991) were verified here, including two rows
of denticles on the inner margin of all protopods except
those of the first leg, where only a short row of den-
ticles was observed to be adjacent to the attachment
site of the endopod. We were unable to verify the
Hogans (1991) description of a single elongate seta
near the base of all protopods.

Fig. 5. Ergasilus labracis, scanning electron micrographs. (a) Over-
view of the abdominal region showing organization of the swimming
legs and the gonadal segment; (b) morphological detail of the first set
of swimming legs showing the biramous configuration and ornamen-
tation of both the endo and exopods (white arrowheads indicate arma-
ture and ornamentation on segments, white arrows indicate modified
setae on the distal segments); (c) high resolution image of the outer
margin of the first swimming legs showing an extended seta on the
distal segment of the exopod (thin white arrow) and further detail of
marginal armature (thick white arrow head) (black arrowhead dem-
onstrates short spine at the distal end of the proximal segment, thin
white arrowhead demonstrates blunt setae situated on the distal seg-
ment). SL1, leg one; SL2, leg two; SL3, leg three; SL4, leg four; SL5,
leg five; prp, protopod; exo, exopod; endo, endopod; GS, gonadal seg-
ment; ES, egg string.
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The description of the mouth provided by Hogans
(1991) is concise but is based on dissected components.
One of the benefits provided by the preparations in the
present study is the ability to observe structures in
situ and how they relate to one another. The structure
of all mouth components were very well preserved and
in line with that described by Hogans (1991). The prep-
aration in the present study also provided detail of
small hairs decorating the posterior and lateral por-
tions of the labrum.

In summary, the application of HMDS to the SEM
preparation of parasitic copepods has proven to be
effective and provides an efficient method for the visu-
alization of fine detail important for taxonomic and
form/function studies of these organisms. Bray et al.
(1993) noted several features of HMDS that make it a
method of choice for preparing animal tissue for SEM.
These include minimal experimental set-up, fast infil-
tration and drying times and no significant expense.
These are in line with our experience during the
course of this study.
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