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Gretchen A. Messick , Henry A. Vanderploeg, Joann F. Cavaletto and Suzanne S. Tyler (2004) Histological
characteristics of abnormal protrusions on copepods from Lake Michigan, USA.  Zoological Studies 43(2): 314-
322.    Abnormal protrusions have been observed on crustacean zooplankton species from Lake Michigan
since 1994.  Copepods collected from 1994 to 2000 were assayed for the prevalence of protrusions, and histo-
logically characterized for various morphologies.  Protrusions occurred more frequently on nauplii than on cope-
podites or adults.  Most protrusions were located laterally on the copepod body.  External shapes and surfaces
of the protrusions varied from smoothly rounded to bossulated and amorphous.  Protrusions had diverse histo-
logical characteristics.  Necrotic tissue was present in 58% of protrusions.  Some protrusions had hyaline, crys-
tal-like structures either on the surface or embedded within tissues of the protrusion.  Nearly 40% contained
what appeared to be herniated host tissue.  A few copepods (3%) had elongated, symmetrical, somewhat
transparent gross protrusions that were histologically identified as ellobiopsid parasites.   Other protrusions had
a histology that suggested ellobiopsid parasites such as a bossulated, bud-like external morphology or a
smoothly rounded covering.  Additionally, round structures observed within protrusions were similar to sporula-
tion bodies of ellobiopsid parasites.  It is unlikely that these protrusions were due to fixation artifacts or were
caused by diatoms puncturing copepods in the collection devices.  A few protrusions were obvious ellobiopsid
parasites, but the histology of most protrusions is not consistent or obvious enough to allow identification of a
plausible etiological agent.  http://www.sinica.edu.tw/zool/zoolstud/43.2/314.pdf
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Protrusions, also called tumor-like abnor-
malities, on several copepod species are consid-
ered a serious emerging threat to the well-being of
the food web in Lake Michigan and other Great
Lakes in the USA and Canada.  The frequency of
protrusions among species in the Great Lakes
region ranged from 0% to 70% (Omair et al. 1999).
Protrusions with a similar gross appearance have
appeared on copepods from a small inland lake in
Michigan (Bridgeman et al. 2000), Lake Maggiore,
Italy (Manca et al. 1996), the Mediterranean Sea
(Crisafi and Crescenti 1975), and the Gulf of
Finland (Silina and Khudolei 1994).  The histology
of necrotic herniated protrusions on copepods
from Lake Michigan has been described (Omair et
al. 2001) as well as a brief histologic description

given of an ellobiopsid parasite on copepods with
cysts from a small inland lake in Michigan
(Bridgeman et al. 2000).  The purposes of the cur-
rent study were to describe the various histological
characteristics of protrusions on copepods from
Lake Michigan; to assay the prevalence of these
characteristics; to assay whether the prevalence
varies among collection date, season, or life stage;
and to define an etiological agent.

MATERIALS AND METHODS

Copepods were collected by duplicate tows of
a 0.5-m-diameter, 153-µm-mesh plankton net
towed vertically from 2 m off the bottom to the sur-
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Michigan.  The high frequency of occurrence in
nauplii was obviously the source of variance
among taxa.  In all other years, no more than 30%
of nauplii had protrusions at the 110 m site (Figs.
1~3).  The highest occurrence of protrusions on
Diacyclops (33%) occurred on June 22, 1995; after
June 29, 1995 the occurrence of protrusions on
Diacyclops was well below 5% of the population.
High frequencies of protrusions also occurred on
calanoid copepods (Leptodiaptomus spp. and
Limnocalanus) during this period (Figs. 2, 3).

At the other Muskegon sites, M15 and M45,
protrusions also occurred most often on nauplii.
The highest rates occurred at M15 in Apr. 2000
(Fig. 4) and at M45 in May 1999 (Fig. 5).  Less
than 5% of adult and immature cyclopoid and
calanoid copepods from M15 and M45 had protru-

Table 1. Number of copepods with protrusions
(ai), number of copepods examined (ni), and pro-
portion (pi) of copepods in different development
stages or taxa with protrusions from 7 collections
made at site M110 during June and July 1995, the
period of maximum protrusion occurrence.  Chi-
square test showed that the proportions observed
among groups significantly differed at the p <
0.005 level

Variable Nauplii Diacyclops Leptodiaptomus Limnocalanus Total
spp.

ai 746 164 251 12 1191
ni 1928 2088 5764 149 9778
pi 0.39 0.08 0.04 0.08 0.12

Fig. 2. Percent frequency of protrusions on adult and the
copepodite cyclopoid Diacyclops thomasi and calanoids
Leptodiaptomus spp. and Limnocalanus macrurus collected
from 110 m depth in Lake Michigan near Muskegon, MI from
June 1994 to Sept. 2000.

Fig. 3. Detailed view of percent frequency of protrusions on
adult and copepodite cyclopoid (Diacyclops thomasi) and
calanoid copepods (Leptodiaptomus spp. and Limnocalanus
macrurus) collected from 110 m depth in Lake Michigan near
Muskegon, MI in 1995, the period of highest occurrence.

Fig. 4. Percent frequency of protrusions on naupliar, adult, and
copepodite cyclopoid Diacyclops thomasi and calanoid
Leptodiaptomus spp. or Limnocalanus macrurus collected from
15 m depth in Lake Michigan near Muskegon, MI from Feb.
1998 to Nov. 2000.

Fig. 5. Percent frequency of protrusions on naupliar, adult, and
copepodite cyclopoid Diacyclops thomasi and calanoid
Leptodiaptomus spp. or Limnocalanus macrurus collected from
45 m depth in Lake Michigan near Muskegon, MI from Feb.
1998 to Nov. 2000.
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sions (Figs. 4, 5).
The occurrence of protrusions on copepods

from the St. Joseph sites, 96 km (60 mi) south of
Muskegon, was relatively low, as was expected for
the period 1998~2000.  The highest rate of protru-
sion occurrence was 16% of Leptodiaptomus sp. in
Mar. 1998 at the 10 m site.  On the same day at
the 73 m site, 7% of Leptodiaptomus sp. had pro-
trusions.  All other cases of protrusions on cope-
pods from the St. Joseph region occurred on less
than 1% of organisms on a given date and site,
and most of the time no protrusions occurred.

The prevalence of gross characteristics
reported here is for a subset of copepods selected
for histological analysis because they had protru-

sions.  The prevalence of described characteristics
does not reflect the prevalence in the population.
The location of protrusions on analyzed copepods
varied considerably.  Fifty-six percent of protru-
sions occurred on lateral surfaces (Table 2).  Many
lateral protrusions originated from the prosome
between the cephalosome and metasome.
Bilateral protrusions generally erupted opposite
each other on the same metasome (Fig. 6).

Categories for location were combined into
lateral, dorsal/ventral, and anterior/posterior; some
animals may have been included in more than 1
category.  Lateral protrusions comprised 66%, dor-
sal/ventral 24%, and anterior/posterior 13% of the
total.  Chi-square analysis determined that the

Table 2. Prevalence of gross and histological protrusion characteristics in
naupliar, copepodite, and adult calanoid and cyclopoid copepods sampled
from 1995 to 2000 from various sites within Lake Michigan

Gross and TLA All Adult Copepodite Nauplii

histology description # % # % # % # %

gross number of animals 188 15 9 81
gross no. protrusion 5 3
gross anterior 5 3 2 13 1 11 0 0
gross posterior 13 7 1 7 0 0 6 7
gross laterally on right side 56 30 1 7 0 0 31 38
gross laterally on left side 48 26 2 13 0 0 23 28
gross dorsal 24 13 1 7 2 22 4 5
gross ventral 9 5 2 13 3 33 2 2
gross attached 3 1
gross bossulated 85 45 0 0 0 0 39 48
gross grainy 9 5 1 7 0 0 5 6
gross smooth 50 27 1 7 3 33 27 33
gross elongate transparent 6 3 0 0 0 0 1 1
gross crystalline rods 5 3 0 0 0 0 1 1
histologically no. protrusion 16 8.5 0 0 3 33 6 7
histologically no. tissue 52 28 0 0 0 0 42 52
histologically no. with protrusion in section 120
histologically necrotic 67 58 4 27 0 0 12 31
histologically hyperchromatic cells 13 11 0 0 3 33 5 13
histologically cells with diffuse nuclei 5 4 2 13 0 0 1 3
histologically granular material 40 33 7 47 1 11 10 31
histologically non-cellular material 19 16 3 20 0 0 6 15
histologically herniated 47 39 1 7 2 22 20 51
histologically host muscle 9 8
histologically host hemocytes 57 48 6 40 3 33 21 54
histologically lipid-like material 22 18 3 20 0 0 0 0
histologically communication between 21 18 0 0 1 11 3 8

copepod and protrusion
histologically glassy-like material 27 23 0 0 1 11 13 33
histologically refringent specks 34 28 0 0 0 0 8 20
histologically eosinophilic round bodies 9 8 1 7 0 0 2 5
histologically ellobioposid-like parasites 7 6 2 13 0 0 2 5



occurrence of lateral protrusions was greater than
expected by random chance (x2 = 30.6; df = 2; p <
0.001).

Bossulated protrusions consisting of numer-
ous raised knobby or bud-like protuberances along

the outer periphery of the protrusion (Fig. 7) were
found on 45% of affected copepods.  Bossulated
protrusions on nauplii could be 1/2 or more of the
size of the entire affected copepod.  Nauplii were
found to have greater numbers of lateral and
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Fig. 6. A copepod with abnormal bilateral protrusions (arrows)
projecting opposite each other from between the cephalosome
and metasome.   Line = 0.2 mm.

Fig. 7. Naupliar stage copepod with a bossulated abnormal
protrusion consisting of numerous raised knobby or bud-like
protuberances (arrow) on the outer periphery of the protrusion.
Line = 0.1 mm.

Fig. 9. Naupliar stage copepod with a bossulated protrusion
that appears as if its smooth covering (open arrow) has rup-
tured, released its contents, and formed a bossulated surface
(closed arrow).  Line = 0.1 mm.

Fig. 11. Copepod with a lateral round protrusion with glassy or
rod-like structures adhering to the surface of the protrusion
(arrow) and that appear to adhere only to the protrusion.  Line
= 0.1 mm.

Fig. 8. Naupliar stage copepod with an abnormal smooth pro-
trusion with a translucent and rounded external surface and
visible contents within its limiting membrane or smoothly round-
ed covering (arrow).  Line = 0.1 mm.

Fig. 10. Copepod with a dorsal protrusion that is elongate and
transparent with round bodies inside (arrow).  This type of pro-
trusion is very similar to ellobiopsid parasites containing round
bodies that are spores at various stages of development.  Line
= 0.5 mm.



Messick et al. -- Histology of Abnormal Protrusions on Copepods 319

bossulated protrusions than did copepodites or
adults (Table 2).    Some copepods were not desig-
nated a life stage, so numbers of animals listed
under nauplii, copepodites, or adults in table 2
might not equal the total animals assayed.

Protrusions categorized as smooth were
found on 27% of analyzed animals.  These usually
had a translucent and rounded external surface
with contents sometimes visible within a limiting
membrane or smoothly rounded covering (Fig. 8).
Some bossulated protrusions appeared as if they
previously may have had a smooth covering that
had ruptured, released the contents, and formed a
bossulated surface (Fig. 9).

Grainy protrusions were found on 5% of ana-
lyzed copepods.  The surface of these protrusions
was finely granular and amorphous in shape.
Grainy protrusions had a finer and less-uniform
surface than did bossulated protrusions.

Three percent of analyzed copepods had
elongated transparent protrusions. These protru-
sions occasionally contained variously sized round
structures.  Elongated transparent protrusions
were very similar to those produced by ellobiopsid
parasites which often contain round bodies that
are spores in various stages of development
(Bridgeman et al. 2000) (Fig. 10).  Elongated
transparent protrusions were more abundant in the
fall than in any other season, while winter abun-
dance was higher than that in spring or summer.  

Glassy or rod-like structures on the surface
of protrusions were seen on 3% of affected cope-
pods.  The rod-like structures seemed to adhere to
the protrusion and aggregated there rather than on
other parts of the copepod body (Fig. 11), although
normal copepods without protrusions were

observed with glassy or rod-like structures inter-
spersed among appendages.

Histological Characteristics

Only 120 of the initial 188 animals grossly
observed were successfully processed to obtain
accompanying histological sections.  Some cope-
pods lost their initial eosin or rose Bengal stain
during dehydration and infiltration making it impos-
sible to see them in the molten paraffin.  Lack of
staining and the small size sometimes made it diffi-
cult to obtain tissue sections oriented in a position
which best demonstrated the histological charac-
teristics of the copepod protrusion.  In other situa-
tions, some sections did not reflect what was
observed as the gross appearance of protrusions.
The prevalence of histological characteristics
includes only copepods that had tissue sections of
protrusions on slides and does not reflect the actu-
al prevalence in the population.

Necrotic tissue was present in 58% of cope-
pod protrusions.  Tissues were observed from the
early stages of necrosis to late stages at which
time tissues had little cell structure remaining.
Hyperchromatic or pyknotic cells were present in
11% of protrusions, and cells with diffuse or
enlarged pale-staining nuclei were found in 4% of
protrusions.  Tissue necrosis, pyknosis, and diffuse
or enlarged pale-staining nuclei are histological
characteristics indicative of irreversible cell injury
or cell death.  Protrusions that contained areas of
finely granular, usually eosinophilic, material were
found on 33% of copepods.  Protrusions consisting
of non-cellular material were found on 16% of
copepods (Fig. 12).

Fig. 12. Histological section of a copepod with herniated
necrotic tissue.  The interior of the protrusion contains finely
granular, non-cellular material (closed arrow).  Internal host tis-
sue appears to be channeling out to the protrusion (open
arrow).  Line = 100 µm.

Fig. 13. Protrusion on a copepod consisting of herniated mus-
cle tissue (closed arrow) along with finely granular, non-cellular
necrotic material (open arrow).  Line = 100 µm.


