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ABSTRACT

The Cymothoidae Isopoda (Crustacea: Peracarida) fauna of the 

Gulf of California is described and discussed. New species descriptions 

and revised generic descriptions are presented for ten species and four 

genera. Four new species of Cymothoidae are tentatively proposed. The 

history of the study of this group of isopods is discussed and major 

problems brought forth.

A natural history of the family Cymothoidae, in the eastern 

Pacific, is presented, including general biology, life history, host- 

parasite relationships, evolution and zoogeography.

This study has extended the known ranges of the following 

species of cymothoids as follows: Nerocila California. northward into 

the upper Gulf of California; Lironeca convexa. northward from Hondurus 

to Baja California and Catalina Island, California (about 2,420 miles); 

Lironeca panamensis, northward from Mazatlan to northwest Baja California 

and the upper Gulf of California (about 600 miles); Meinertia gilbert!. 

northward from Mazatlan to northwest Baja California and the upper Gulf 

of California (about 600 miles); Meinertia gaudichaudii. northward from 

Mazatlan to southwest Baja California (about 300 miles); and, Cymothoa 

exigua, northward from Panama to the upper Gulf of California (about 

2,620 miles).

x



INTRODUCTION

The Problem

Man has probably been noticing and observing parasitic isopods 

on fishes for a much longer time than he has been aware of other 

crustaceans of comparable size and occurrence. It could well be assumed, 

in fact, that ever since primitive man took up the endeavor of fishing, 

he has been noticing these interesting little creatures. It is partly 

for this reason, no doubt, that the majority of the cymothoids were 

described so many years ago.

The cymothoid isopods known from the eastern Pacific were all 

described between the years 1766 and 1918. It is obvious from the 

descriptions that workers during this period were approaching this group 

of crustaceans from a typological viewpoint. In nearly every case, 

species were probably described from a single specimen. This in itself 

is not inherently evil and is, in fact, often a necessity. The basis of 

these older typological descriptions, however, is not consistent with 

modern, population systematica (the "new systematics" of Mayr 1969) and 

did not anticipate the future discovery of new material. Published 

descriptions are cursory and inadequate, lacking information beyond that 

needed to distinguish the proposed species from those previously 

described. In most cases, important characters have been overlooked, 

resulting in a need to re-describe or more fully document generic and

1
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and specific taxa. Often type specimens were not designated, or were 

poorly preserved or lost. Most workers did not give the location of 

type material deposition , and rarely gave a clear indication of the type 

locality. Illustrations are superficial and inadequate for identifica
tion. Ecological data are entirely absent or are based on cursory ob

servations. Little attempt has been made over the years to determine 

proper generic and specific characters and boundaries. Host data are 

sparse, at best. Lemos de Castro (1958, p. 1) summed up the state of 

knowledge for the order Isopoda in general.

These monographs contain many transcriptions of brief original 
descriptions and of inadequate figures. There seems to have 
been no attempt by these authors to discuss the correct systematic 
position of most of the species. Thus, the study of these 
animals in America is somewhat difficult.

The cymothoid isopods represent one of the least studied of all 

groups of Crustacea. Of the thousands of papers published in the last 

200 years on the isopod crustaceans of the world, there are only about 

70 giving mention to the family Cymothoidae. Of these only a few give 

mention to the host fishes, and the host information given is often of 

little or no help owing to local, vernacular or incorrect names. The 

majority of the publications simply cite the host relationship given by 

previous authors, whose data were taken from workers previous to them

selves, and so on. There is no recent monograph on the family 

Cymothoidae, only scattered papers, the vast majority being of a strictly 

taxonomic nature or concerned with the presentation of a new distribu

tional record. The one attempt at monographing the family was made by 

Schioedte and Meinert in 1881 to 1884. There are no descriptions of
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the life cycle of any of the cymothoid species, and only a few authors 

have even dared to speculate on the matter. It isn't known how the 

parasite locates the proper host fish, how it initially manages to attach 

to the host, how it interacts with the host, or how it feeds. Mating in 

these parasites has never been witnessed. Indeed, there has been only 

one description of this event in the literature for the entire Order 

Isopoda (Naylor 1972). Besides myself, there exists only one other 

carcinologist actively studying the family Cymothoidae," Professor J. P. 

Trilles in France (Trilles 1968).

Of the eastern Pacific region the Gulf of California is the 

least-studied in terms of its isopod fauna. In fact, there have been 

but two papers published on the Isopoda of the Gulf of California: 

Richardson (1899) who presented a single new description (Rocinela 

tuberculosa) and a short chapter in Brusca (1973).

The problem, then, has been first to examine thoroughly all of 

the literature dealing with the cymothoid isopods, especially those 

occurring in the New World, and to search the pertinent literature deal

ing with the host fishes, especially ecological and behavioral material; 

then, to examine and describe the cymothoid fauna of the Gulf of Cali

fornia, and finally to synthesize those findings and amalgamate all of 

these data to formulate an over-all view of the natural history of this 
group. >

Treatment

The literature survey for this particular field of research has 

proven difficult due to the nature of the journals involved. Many are
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rather obscure, most are quite old, and several important ones no longer 

extant. In this endeavor, I received a great deal of help from Dr. J. 

Laurens Barnard and Dr. Thomas W. Bowman, of the U. S. National Museum, 

and from the personnel of the University of Arizona Interlibrary Loans 
Office,

Examination of cymothoids from the Gulf of California for the 

present work has been taking place since 1972. The main source of 

material has been from fish collected by otter trawls in the northern 

Gulf of California. These trawl collections were made principally by 

myself and Dr. J. R. Hendrickson and Dr. D. A. Thomson, and their stu

dents at The University of Arizona. Additional material has been ob

tained by these same people during shore collections using rotenone 

ichthyocides and seines.

In the summer of 1973, visits were made to the major institutions 

in California that might have had isopod material from the Gulf of 

California. Only two, the Allan Hancock Foundation at The University of 

Southern California, and the California Academy of Sciences, San 

Francisco, had cymothoid isopod material available in their invertebrate 

collections. These specimens were obtained on loan, as well as material 

from Pacific Baja California and California, for comparative purposes. 

Loan material was also obtained from the U. S. National Museum, including 

syntypes of Meinertia gilberti. The systematic treatment of the Gulf of 

California cymothoid fauna proved to be exceedingly difficult. The major 

reason for this being the absence of reliable generic and species 

descriptions. It was at first suspected, on the basis of older works.



that 20-30 species, in five genera, would be represented in the collec

tions from the Gulf of California. After extensive examination it was 

discovered that in actuality considerably fewer species of cymothoids, 

of four (rather than five) genera, existed. The phena in these col

lections then actually represent populations showing a remarkable degree 

of polymorphism. Not only is the degree of intraspecific variation 

great, though linear, but the characters displaying the variation are 

usually the same ones upon which the original descriptions were based.

An identical type of problem was dealt with by Menzies and Waidzunas 

(1948, p. 107 ) who stated, with regard to the species Pentidotea 

resecata (family Idotheidae), "It is significant that, in the species 

investigated, it was these features [those upon which the classification 

was based] that demonstrated the greatest degree of growth variation." 

What was required then was to examine each individual specimen in detail, 

making exhaustive notes on the characters present, both morphological 

and ecological, in an attempt to both record the range of variation and 

elucidate new characters which might prove reliable for species diagnoses. 

These objectives were eventually achieved. The result has been the 

writing of completely new descriptions of previously recorded cymothoid 

species, including ecological data and, usually for the first time, 

descriptions of the males. In addition, four new species have been 

described.

The classification followed in this paper is, of necessity at 

this time, based on Richardson (1905a) and the taxa are presented with 

the following inclusions.

5
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1. For previously described taxa the accepted scientific name is 

given, employed in agreement with the International Rules of 

Zoological Nomenclature, followed by the author and date. For 

new species sequential numbers are tentatively assigned, await

ing the collection and examination of additional material.

2. A complete generic or specific chresonymy is presented, includ

ing all pertinent published accounts in which the scientific 

name has been employed. The term chresonymy implies the so- 

called "synonomy" of classical taxonomic literature. In this 

case, the term "synonomy" is misleading because it has been 

universally defined as different names for the same species, 

yet taxonomists have also regularly used it to imply both this 

and another thing, that is a list of references to occurrences 

of any name or set of names in the literature. Following the 

proposal of Smith and Smith (1972), and noting the comments of 

Rentz (1973), I have therefore used the term chresonymy to 

designate a listing of references to a particular taxon.

3. Complete descriptions of all taxa are given, including new and 

revised species descriptions, and, to what extent has been 

possible, generic descriptions.

4. Illustrated keys to all taxa treated are included. All keys 

and illustrations (except Figure 22) are original.

5. Type locality and records are given for all species treated.

6. Intended deposition of type material for all new species is 

designated.
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7. Taxonomic and other remarks are included for all taxa. The

distributions of all species treated are discussed and distribu

tional maps are included. Records are indicated on the distri
bution maps by stars, or other notations. If a record exists 

beyond the range of the map, it is so indicated on the map.

All specimens are kept in 50 percent ethanol. Slide preparations 

were made from representative individuals and mounted with Permount 

(S0-P-15, Fisher Scientific Company), or as temporary mounts in alcohol. 

Microscopic observations were made with a Wild M5D dissecting microscope, 

equipped with a calibrated ocular micrometer.

Measurements are given both as absolute metric units and as 

ratios, including for each species a body index (length divided by width). 

The reporting of size alone, in the past, has been shown to be almost 

useless because of variation in dimensions due to normal growth as well 

as irregular somatic response to host attachment. Dissatisfaction with 

the traditional method of simple meristics has been reviewed by Werner 

(1971), Mayr (1969), and others.

The operational procedures of recognizing species groups have 

been reviewed by Mayr (1969), Ross (1974), Sokal (1973), Hansell and 

Chant (1973), and others. More recently a detailed discussion of Mayr's 

techniques has been presented by Doyen and Slobodchikoff (1974), in

corporating the use of ecological and distributional data into the 

process. The weighting of my own data, and the tactics used to sub

stantiate the phena I have dealt with, has been greatly influenced by 

this latter method. It must be realized that the Family Cymothoidae is
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still in a stage of alpha taxonomy, or at best, just beginning to re

ceive the scrutiny of beta taxonomy. This implies that we are still at 

the stage of describing the fauna and dilimiting the species. It must 

also be remembered that this is a group of animals that is generally 

collected in extremely small sample sizes, one or two individuals alone 

representing a collection. It is partly for this reason that past 

descriptions have apparently so often been based on only one specimen, 
as are nearly all of the records for the species since its original 

description was presented. It is a rare and exciting opportunity when 

one is at hand to witness the collection of a large sample (i.e., 

a heavily infested school of fish) or has on hand a large series of 

specimens from a particular area. For this reason descriptions of 

species based on a single, mature individual are justified, if the 

descriptions are complete enough to be able to accommodate future con

generic discoveries.

In this dissertation "Baja" refers to Baja California (collec

tively the state of Baja California Norte and the territory of Baja 

California Sur); "Gulf" refers to the Gulf of California (Figure 1).

Use of place names follows Brusca (1973). The reader should be well 

aware of the following two phrases, and the meanings of each. The 

first, east Pacific (or eastern Pacific), refers to the entire length 

of the eastern shore of the Pacific Ocean, from Alaska to Chile. The 

Eastern Pacific Zoogeographic Region, on the other hand, refers to that 

zoogeographic province ranging from the upper Gulf of California and 

Bahia Magdalena (on the west coast of Baja California), south to the
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Gulf of Guayaquil, Peru. The Eastern Pacific Zoogeographic Region cor

responds to what many authors have called the Panamic Region (Forbes 

1856, Woodward 1881, McLean 1969, Abbott 1958, Steinbeck and Ricketts 

1941, Brusca 1973). Briggs (1974), however, felt the need to subdivide 

the Eastern Pacific Zoogeographic Region into three separate provinces, 

reserving the term Panamic Province for the middle of these three, being 

that area from Tangola-Tangola Bay (in the northern part of the Gulf of 

Tehuantepec, Mexico) to the northwest corner of South America.

Taxonomy is a science requiring strict definitions of its termi

nology, or language. Lack of adherence to this philosophy has led to a 

great deal of confusion and misunderstanding between workers. Recently 

there has been a movement to correct this situation and to establish 

definite interpretations to universally used terminology (Mayr 1969,

Bock 1973, McCafferty and Chandler 1974). For this reason I have 

attempted to use what I consider the most generally accepted definition 

of the terms used in this dissertation. The source of the definitions 

for any terms I have found to be of variable interpretation is always 

cited in the text, generally after the first usage of such term. My use 

of the term sibling species adheres to its inherent geneological denota

tion of a pair, or a group, of species commonly descended through time 

from the most recent instance of speciation or point of phyletic diver

gence in the ancestry of each of the species involved (McCafferty and 

Chandler 1974, Gochfeld 1974, Steyskal 1972). The use of the terms 

allomorphic and symmorphic are also based on the interpretation of 

McCafferty and Chandler (1974).
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It is hoped that the characters and techniques used in describ

ing and delimiting the taxa I have treated in this dissertation will, 

when published, find their way into general use by workers in this field, 

and in so doing begin to lay the groundwork for an eventual revision of 
this family of symbiotic crustaceans.

An Annotated Review of the Literature Dealing with 
the Cymothoid Isopods of the Eastern Pacific 

(in Chronological Order)

Schioedte, J. C. and F. Meinert. 1879, 1881, 1883, 1884. A 

series of four papers dealing with what were then considered to be five 

families of isopod parasites on fishes: Aegidae, Anilocridae, Saophridae, 

Ceratothoinae, and Cymothoidae. All but the first comprises the present 

family Cymothoidae. Written in latin and containing keys, species 

descriptions and illustrations upon which much of the present taxonomy 

is based, via the transliteration of Richardson (1905b).

Richardson, H. R. 1900. Presents keys to all the North American 

species of Cymothoidae known at the time (17 species in eight genera).

No descriptions.

Richardson, H. R. 1901a. New species and records from the 

Hopkins Stanford Galapagos Expedition of 1898-1899. First description 

of Aegathoa excisa and synonomy and records for Meinertia gaudichaudii.

Richardson, H. R. 1904a. New species collected by the U. S.

Fish Commission Steamer Albatross (1900) and the U. S. S. Palos (1881). 

First description of Lironeca propinqua.

Richardson, H. R. 1904b. First description of Indusa carinata 

and Meinertia gilberti from the west coast of Central America.
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Richardson, H. R. 1904c. A list of the isopods collected by 

the Harriman Alaska Expedition plus a number of species from California. 

Synonomy and a new record for Lironeca vulgaris.

Richardson, H. R. 1904d. A list of the isopods collected in 

the Hawaiian Islands by the U. S. Fish Commission Steamer Albatross 

(1902). New records and a discussion of Cymothoa recta.

Richardson, H. R. 1905a. First description of Lironeca conyexa.

Richardson, H. R. 1905b. A monograph of the isopods of North 

America with keys and descriptions of all species known from this region 

at the time. A most valuable reference, still not replaced by any single 

work, although approximately 240 species of marine isopods have been 

described since its publication. Most of the cymothoid descriptions in 

this book are taken from other authors. Includes 27 species of Cymo- 

thoidae, in 11 genera.

Richardson, H. R. 1910. A report on the isopods of Peru. 

Synonomies and discussions of Meinertia gaudichaudii, Anilocra laevis 
and Cymothoa oestrum.

Richardson, H. R. 1914. Isopods collected by the U. S. Fish 

Commission Steamer Albatross in the eastern tropical Pacific from 1904 

to 1905. First description of Anilocra meridionalis.

Boone, Pearl L. 1918. First description of Braga occidentalis 

and the first record of this genus from the eastern Pacific (see discus

sion of this genus in the next chapter).

Van Name, W. 1924. Isopods from the Williams Galapagos Expedi

tion (Stanford University). Synonomies and records for Meinertia
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Kaudichaudii, Cymothoa exigua and Aegathoa excisa, plus a redescription 

of Meinertia gaudichaudii.

Keys, F. 1928. A new host record for Lironeca californica.

MacGinitie, G. E. 1937. Briefly mentions the occurrence of an 

uncertain species of Meinertia on mullet at Newport Bay, California.

Menzies, R. J., T. E. Bowman and F. G. Alverson. 1955. A com

prehensive treatment of the biology of Lironeca convexa, including 

descriptions of both males and females, distribution, life history, host- 

parasite relationships and the Cymothoidae as a group. The best paper to 

date on the cymothoids.

Bowman, T. 1960. First description and notes on the life 

history of Lironeca puhi.

Menzies, R. 1962a. A list of the isopods collected in Bahia 

San Quintin, Baja California by the Beaudette Foundation. Mentions a 

new species of Lironeca, apparently intermediate between L. californica 

and L. panamensis, but no host data or descriptions are given.

Menzies, R. 1962b. A report on the Lund University Chile 

Expedition, including ecology, zoogeography and a systematic section 

for the isopod fauna in general. Treats the cymothoids as a sub

family. Partial synonomies and diagnosis for Lironeca redmanni, L. 

raynaudi and Meinertia gaudichaudii.

Hobson, E. 1972. Briefly records the presence of Lironeca 

vulgaris in the branchial chamber of the California blue rockfish 

Sebastes mystinus.

Iverson, E. 1974. A range extension for Lironeca californica 
and new host record.
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As can be surmised from the above, literature dealing with the 

relationships between the isopods and their hosts is exceedingly rare. 

The only papers giving specific mention on this topic are by Menzies, 

Bowman and Alverson (1955), Bowman (1960) and three papers dealing with 

other regions written by Bowman and Mariscal (1968), Lincoln (1971), 

and Kroger and Guthrie (1972).



A CHECKLIST OF ISOPODA CYMOTHOIDAE REPORTED FROM 
THE EAST PACIFIC

The following checklist ranges from Alaska to South America. 

Those occurring in the Eastern Pacific Zoogeographic Region are desig

nated with one asterisk (*). Those whose occurrence in the Pacific 

Ocean is questionable have been designated by two asterisks (**), and 

those known to occur in the Gulf of California have three asterisks 
(***) beside their name.

Genus Lironeca

L. californica Schioedte and Meinert 1884
* VftYV;L, convexa Richardson 1905 ’

*L, panamensis Schioedte and Meinert 1884 ’

L, puhi Bowman 1960 (Hawaii)

L. raynaudii Milne-Edwards 1840
V c *L, redmanni Leach 1818 

L. vulgaris Stimpson 1857 

L. S£.? Mehzies 1962

Genus Meinertia

M. gaudichaudii (Milne-Edwards 1840) ’*

M. gilbert! Richardson 1904 '

M. S£.? MacGinitie 1937
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Genus Nerocila

N. californica Schioedte and Meinert 1881 ">“'wv
N. excisa Richardson 1914
N. sp. 1 Ms. >

* ̂ ***N. sp. 2 Ms.
S£. 3 Ms. • * V?**E. 9

N. sp. 4 Ms. * ***
J

Genus Cyroothoa

C. exigua Schioedte and Meinert 1884 ’
C. recta Dana 1852 

C. oestrum Linnaeus 1766 '

Genus Anilocra
A. meridionalis Richardson 1914 
A. laeyis Miers 1877

Genus Indusa
I. carinata Richardson 1904

Genus Braga
J. occidentalis Boone 1918 **

Genus Aegathoa

A. excisa Richardson 1901 (Trilles 1972 has synonomized this species
with Nerocila excisa)



BIOLOGY OF THE FAMILY CYMOTHOIDAE

The family Cymothoidae represents an evolutionary experiment in 
parasitism within the Suborder Flabellifera (Order Isopoda). The adults 

of this family are all obligate ectosymbionts on marine and freshwater 

fishes. Such collecting records as those naming squid as hosts, or of 
those found "free-living" probably are representative of fugitives in 
trawl samples or similar situations, where the parasites had abandoned 

their dying or stressed host, crawling off to look for better hunting 
grounds. This phenomenon has been noticed many times by this author and 

it would appear these crustaceans abandon their host immediately upon 

cessation of swimming activity of the latter. It seems likely this may 
be related to available oxygen supply to the isopod.

The family is cosmopolitan and seems to be most speciose in the 

warm temperate and subtropical regions of the world, although the group 
is much too poorly known at this time to make any sound speculations as 
to their zoogeographic origin. This is in agreement with the data of 

Kussakin (1973) who found the members of the suborder Flabellifera to be 
most representative of a hypothetical primitive form, and to be concen
trated primarily on the warm-water shelves of the world’s seas.

The cymothoids are among some of the largest of the living 

isopods, reaching 60 mm in length. They greatly resemble members of the 

family Aegidae, who are facultative (or temporary) ectoparasites on

17
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fishes. Cymothoids, however, do not have the large eyes and highly 

symmetrical bodies of the aegids, nor do they have the ambulatory an

terior legs of the aegids. Many other, more subtle characters are also 
used to separate these two similar taxa.

The body of a cymothoid is often slightly (but not grossly) 

twisted to one side or the other, probably the result of a physiological 

growth reaction to somatic stresses put on the parasite while its host 

fish swims about. The general body color of most species is brown and, 

although no work has been published on color in this family, Lee (1966) 

showed the brown coloration of Idothea granulosa to be due to a mixture 

of the pigment canthaxanthin and a green protein complex.

As in many other groups of parasites, most adult cymothoids have 

somewhat reduced sensory apparatus (eyes and antennae particularly).

The early young of these crustaceans are mostly indistinguishable from 

one another, and even in the adults it is no easy task separating 

species within a genus. Even the limits of most cymothoid genera have 

proved difficult to define precisely and good taxonomic characters re

main to be established in most groups. A hundred years ago, when only 

a handful of species was known, such vague and ambiguous characters as 

body size and size of the coxal plates (epimera) may have been adequate 

for separating the major groups, but these are no longer satisfactory. 

There is, in fact, one genus (Aegathoa) that is now known to consist 

entirely of juveniles of other genera. Needless-to-say, none of the 

members of this genus have been positively associated with a host fish, 

and only a few with their true adult species.
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As with all isopods, the young are brooded in the marsupium of 

the mother. Members of the Family Cymothoidae differ, however, from all 

other taxa of Isopoda in having small supplementary plates on peraeonites 

six and seven, in addition to the usual four or five sets of marsupial 

plates (oostegites). The ontogenetic scheme of cymothoid development is 
given as follows:

Ontogenesis of a typical cymothoid isopod: Centrolecithal egg -» 

Modified spiral clevage -* Stereoblastula (syncitial) -* Gastrulation 

(by involution) -» Histogenesis/Organogenesis -* Prehatch stages 

[I, II] -» Manca stage (postlarva or post hatch stage) [III] -+ 

"Aegathoid" stage (juvenile stage) [III] -* Transition to male [IV] -* 

Functional male [V] -» Transition to female [VI] —  Functional female 

[VII, VIII].

Montalenti (1941) recognized eight developmental stages in Anilocra, 

and Menzies, Bowman and Alverson (1955) discussed these in regards to 

Lironeca convexa. Their stages, however, do not correspond to instars.

In the above scheme the roman numerals given indicate the corresponding 

stage designation in Montalenti*s scheme. It is compiled from data in 

Montalenti (1941), Richardson (1904a), Menzies, Bowman and Alverson 

(1955) and my own data. This scheme differs considerably 

from that of most other isopods that have been examined developmentally 

(e.g., Holdich 1968) and these differences indicate further clarification 

of the ontogenesis of the Cymothoidae is needed.

The centrolecithal egg of isopods is enclosed in a vitelline 

membrane and a chorion (McMurrich 1895). It is believed that the
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chorion of isopods is derived from the follicle cells and is therefore a 

true chorion, although this has not been fully established (Shiino 1957). 

In isopod species thus far examined, superficial clevage takes place, as 

it does in most higher crustaceans (e.g., Malacostraca), representing 

a form of modified spiral clevage. This clevage is characterized by 

the fact that no cell boundaries are formed in connection with the 

earlier nuclear divisions, so that a multinuclear condition results.

Not until the number of nuclei has exceeded a certain level do they 

migrate to the egg cortex, where cell walls are suddenly and simul

taneously formed around each nucleus. These cell walls, however, are 

formed only at the contact planes between neighboring cells, leaving the 

bottoms of the cells open and still directly connected with the common 

mass of yolk. When the time comes for the formation of a second cell 

layer, the bottoms of the cells constituting the outer layer are parti

tioned off. Gastrulation is by the simple process of sinking inward 

by the primordial ectodermal cells of the blastula to form the endodermal 

germ layer. The primordia of all the segments are laid down on the 

blastoderm, and the embryonic body, forming no thoracico-abdominal 

process, shows a dorsal curvature from the beginning. Since many of the 

important developmental processes occur after the straightening of the 

body, the organogeny of various parts can be made out more easily in 

them than in the Decapoda or the Stomatopoda, the embryos of which remain 

folded ventrally until they reach a free-living stage (Shiino 1957).

As is usual in the case of crustaceans with large amounts of 

yolk in the eggs (telolecithal or centrolecithal) the
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naupliar-metanaupliar stages are passed within the embryonic life of 

the isopods. During the manca and juvenile stages the isopods 

clearly resemble miniature adults, reminescent most, perhaps, of an 

ancestral cirolanid-type isopod. As they mature they begin to take on 

the characters of the adults, but still lack the maturity of the gonads 

and related sex apparatus. These juveniles are usually equipped with 

long, marginal setae on the appendages to aid in their free-swimming 

existence. The presence of these setae is a generic character for the 

genus "Aegathoa." The setae are rarely retained in the adult. Once 

the isopod has become firmly established on its host, four noticeable 

trends can usually be seen: (1) reduction of the eyes, (2) loss of setae, 

(3) maturation of sex structures, and (4) an increase in pleopodal 

surface area (the development of accessory lobes, etc.) and/or pleating 

(at least in many species). This fourth trend is probably associated 

with the need for more respiratory surface as the animal secures itself 

within the gills or throat of its host. Trend three, maturation of the 

sex structures, is largely uninvestigated.

For many species (at least in the genera Cymothoa, Nerocila. 

Anilocra, Lironeca, Artystone and Icthyoxenos) it is known that the 

juvenile first matures into a male, then later in life undergoes trans

formation into a female— a phenomenon known as protandric hermaphroditism 

or simply protandromorphism. This was first observed by Bullar (1876) 

and confirmed by Mayer (1879). More recently this phenomenon was re

viewed by Montalenti (1941) and Legrand (1952). Most authors assume on 

the evidence of those species investigated that all cymothoids are
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protandric hermaphrodites. To my knowledge there has been only one New 

World species of this family that has been shown to actually undergo 

this transition, Lironeca convexa. Protandry is not uncommon amongst 

the Crustacea and is known to occur in other families of isopods 

(Rhyscotoides, Cyathura, etc.). Burbanck and Burbanck (1974) and others 

have demonstrated that most (if not all) members of the Anthuridae 

undergo an opposite transition, from female to male, called protogynic 

hermaphrodism. In the anthurids so far examined, the sex reversal mani

fests itself in a single molt.

All seven pairs of peraeopods (the adult thoracic legs) of the 

cyraothoids terminate in a very sharp, slightly recurved finger, the long 

"prehensile" dactyl article. Even the maxillipedal palp (primitively a 

thoracic appendage) of most species appears to be furnished with minute 

hooks, assisting the powerful legs in clinging to the host. Different 

isopod species may attach to the skin of their host (as in the genus 

Nerocila) or within the gill chamber or in the mouth (as in the genera 

Cymothoa, Meinertia and Lironeca). Attachment to the skin generally 

occurs at the base of a fin or on the isthmus.

The degree of parasitism, or even the feeding mechanism itself, 

of cymothoids has never been agreed upon. Barnes (1969) describes the 

mouth parts as piercing-sucking. Schultz (1964) pictures them as chewing- 

biting. Richardson (1905a) side-steps the issue completely, as does 

Brusca (1973). One often reads sentences in the literature inferring 

or stating that the isopods of this family suck the juices of their 

hosts. This is an unfortunate perpetuation of misleading information.
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Bowman and Mariscal (1968) reported Renocila heterozota as being 

responsible for considerable tissue damage to the host (the anemone fish 

Amphiprion akallopisos Bleeker), including erosion down to the myonemes. 

Lincoln (1971) suggested Lironeca convexa (a parasite in the throat of 

the jack Chloroscombrus orqueta) may utilize food trapped by the gill 

rakers of the host. Bowman (1960) observed that in the Hawaiian Moray 

Eel (Gymnothorax eurostus). parasitized by Lironeca puhi, nearly all of 

the gill filaments are missing on the one side of the parasite, but he 

does not speculate on this. He does state that it is not known whether 

the isopod is feeding at the expense of the host or not. This seems to 

be a rather conservative statement because this moray eel is known to 

swallow its prey whole and its gills were highly eroded where the para

sites were attached. Kroger and Guthrie (1972) stated that Olencira 

praegustator definitely damaged the gill filaments of juvenile Atlantic 

Menhaden (Brevoortia tyrannus) but it wasn't known whether the isopods 

ingested the host tissue or the damage was caused by abrasion. Westman 

and Nigrelli (1955), however, mentioned no isopods whatsoever in their 

discussion of parasites and related mortalities of Brevoortia, while 

Goode (1879) considered Olencira to be a commensal of this fish rather 

than a parasite. Richardson (1904a) remarked that the female of this 

species exists as a commensal rather than a true parasite. Menzies, 

Bowman and Alverson (1955, p. 277) state for Lironeca convexa "whether 

the male eats fish flesh is not known and the examinations made of the 

stomachs of males, and females as well, give no clues as to their food 

habits." They follow this by noting the fact that the gills of the
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host fish are considerably eroded by the male, but the female, located 

on the tongue, appears to cause no direct injury to the host fish.

Finally, it should be pointed out that most of the statements of Noble 

and Noble (1964) may be discounted, and even the photograph must be 

considered an artifact (Noble and Noble 1964, p. 389). It is highly un

likely that a large Nerocila orbignyi would naturally attach on the very 

tip of the nose of a small sardine, and backwards at that! Conclusions 

drawn from my own data on this subject may be found in a later portion 
of this dissertation.

Certain species of cyraothoids are known to harbor parasitic 

monogenetic trematodes (Euzet and Trilles 1961).

There are eight genera of Cymothoidae reported from the east

Pacific.

Lironeca Leach;

Lironeca Leach is a large taxon whose males typically occur 

in the gill cavity and the females in the mouth of the host. Ten species 

are described from the Western Hemisphere, eight occurring in the eastern 

Pacific. Principal references to this genus are Schioedte and Meinert 

(1884), Milne-Edwards (1840), Richardson (1905a), Menzies, Bowman and 

Alverson (1955), and Schultz (1964).

Meinertia Stebbing:

Meinertia Stebbing is a small taxon, the males being notice

ably smaller than the females, the former being found on the gills, the 

latter in the mouth of the host fish. Four species are described from
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the Western Hemisphere, two from the eastern Pacific. Principal refer

ences to this genus are Richardson (1905a), Schioedte and Meinert (1883), 

and Schultz (1964).

Anilocra Leach:

This is a small taxon, like the two genera above occurring in 

the mouth and on the gills of their hosts (females and males respective

ly). Four species are described from the Western Hemisphere, two of 

which occur in the eastern Pacific. The principal reference is 

Richardson (1905a).

Nerocila Schoedte and Meinert:

This is a small taxon whose members typically attach to the skin 

of the host fish, usually at the base of a fin or on the isthmus. Five 

species have been described from the Western Hemisphere, two of which 

occur in the eastern Pacific. This dissertation anticipates the 

published description of four additional species in the eastern Pacific. 

Principal references to this genus are Schioedte and Meinert (1881), 

Milne-Edwards (1840), Richardson (1905a) and Schultz (1964).

Cymothoa Fabricus:

Cymothoa Fabricus is a small taxon whose residency in the 

eastern Pacific has not yet been well-examined. Members of this genus 

are typically reported as being attached to or within the mouths of 

their hosts. The finding of specimens attached to the lips or perioral 

region in general probably represents individuals in the process of
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escaping the buccal cavity of a stressed fish. The normal location is 

no doubt the base of the tongue as in Lironeca, Meinertia, and Anilocra. 

Five species have been described from the Western Hemisphere, three of 

them occurring in the eastern Pacific. Principal references to this 
genus are Schioedte and Meinert (1884), Richardson (1905a), Menzies and 

Frankenberg (1966), and Schultz (1964).

Indusa Schioedte and Meinert:

This is a dubious taxon based on only one species, Indusa 

carinata Richardson (1904a). The original description was based on a 

male and a female found in the mouth of a mullet, Mugil hospes from 

Panama. There have been no records since the original. The only other 

cymothoid known to attack mullet is Meinertia gilberti. Principal 

reference for this genus is Richardson (1905b).

Braga Schioedte and Meinert:

This is a tropical, freshwater genus known from the east coast 

of South America. The only report of this genus in the eastern Pacific 

was a new description (Braga occidentalis Boone 1918) from a collection 

made in California. This record and/or species has not since been sub

stantiated and remains questionable. Principal references to the genus 

are Schioedte and Meinert (1881), Schouten (1933), and Lemos de Castro 

(1959).

Aegathoa Dana:

This is a small, polyphyletic genus composed of juveniles of 

other genera of Cymothoidae. They are immature and therefore rarely
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associated with a host fish. The only record of this genus in the east
ern Pacific is Aegathoa excisa(Richardson) from the Galapagos Islands. 

The specimen was taken from the fin of the dolphin fish (Coryphaena 

hippurus). This species was synonomized with Nerocila excisa by 

Trilles (1972). Principal references to the genus are Richardson 

(1905b), Menzies and Frankenburg (1966), and Schultz (1964).

It may be noted that there are five generic names of parasitic 

isopods representing anagrams of the proper name Carolina (Lironeca, 

Nerocila. Anilocra, Olencira. and Rocinela; the latter being a member
of the family Aegiidae).



Table 1. A Distributional List of the Eastern Pacific Cymothoidae, with Comments on Their
Reported Host Fishes. -- a. Pelagic schooling fishes; b. principally bottom dwelling 
fishes, or at least bottom feeding fishes; c. principally bottom/schooling fishes; 
d. Pelagic, solitary fishes.

Isopod Species Reported Host Fish(es) Known Range of Isopod

Lironeca
californica

convexa

panamensis

puhi

raynaudii

redmanni5

a. Fundulus parvipinnis (California 
killifish)

a. Micrometrus minimus (dwarf surfperch) 
a. Shiner^ 
a. SmeltZ

a. Trachinotus sp.(Pompano) 

a. Chloroscombrus orqueta^

Unknown

Alaska to Bahia San Quintin, 
Baja California

Catalina Island, California to 
Ecuador

Upper Gulf of California and 
upper west coast of Baja to 
Panama

b. Gymnothorax eurostus (moray eel) 

Unknown

c. Kingfish and others^

Hawaii

South Chile, Japan, Africa, 
Australia, New Zealand

Chile, West Indies to Brazil



Table 1. A Distributional List —  continued.

Isopod Species Reported Host Fish(es) Known Range of Isopod

vulgaris b. Rock Cod& Washington State to Bahia
b. Flounder? Magdalena (west coast Baja
a. Hyperprosopon argenteum^ California Sur)
b. Sebastes mystinus (California Blue 

Rockfish)
b. Steindachneri sp. 
b. Ophiodon elongatus^O

S£.? Unknown Bahia San Quintin, Baja Cali 
fornia, Mexico.

Meinertia
gaudichaudii a, Trachinotus sp. (pompano) 

a. Trachinotus paloma^ 
a. Thunnus spp.12 
a. Sarda chilensis^ 
a. "Jurel" (Peru record)14

West coast of lower Baja and 
Mazatlan to Chile, Galapagos 
Peru, New Guinea (?)

gilberti c. Mugil h o s p e s ^  
c. Mugil

West coast of upper Baja and 
upper Gulf of California to 
Mazatlan, Sinaloa (Mexico)41

sp.? c. Mugil sp.lG California

Nerocila
californica c, Mugil cephalus 

b. cat fish^/
b, Gyropleurodus francisi^-®

San Diego (California) to 
Panama, throughout the Gulf c 
California



Table 1. A Distributional List -- continued.

Isopod Species Reported Host Fish(es) Known Range of Isopod

excisa

sp. 1 (MS.)

sp. 2 (MS.) 

sp. 3 (MS.) 

sp. 4 (MS.)

b. Paralabrax clathratus^9 
b. Scorpaena guttataZO
b. Triakis semifasciataZl
c. Myliobatis sp.22 
b. Promicrops guttatus23 
b. Syacium sp.^ 
b. Sphoeroides annulatusZS
a. Cetengraulis mysticetis26
b. Syacium ovale?/
a. Oligoplites roundus (the leather

28Coryphaena hippurus

d. Istiophorus platypterusZ9 
a. Leuresthes sardina^U

Unknown

Unknown

c. Orthopristis reddingi^l

Tropical eastern Pacific 
(9°57'N 137°47'W)

Throughout Gulf of California 
(El Golfo de Santa Clara to 
Mazatlan, Sinaloa)

Morro Colorado (Sonora), Gulf 
of California

El Golfo de Santa Clara 
(Sonora), Gulf of California

Puerto Penasco (Sonora), Gulf 
of California



Table 1. A Distributional List —  continued.

Isopod Species Reported Host Fish(es) Known Range of Isopod

Cymothoa
exigua

recta

oestrum40

b. Citharichthys sordidus32
c. Pomadasys panamensis33 
c. Orthopristis reddingj34
c. grunt35
b. Etropus sp.36

Unknown
b. Bagre marina37
d. Tarpon atlanticus38 
a. Caranx ruber

Anilocra
meridionalis Unknown

laevis Unknown

Indusa
carinata c. Mugil hospes^^

Upper Gulf of California to 
Panama and the Galapagos

Hawaii

Peru (by Miers 1877), Virginia 
to the Gulf of Mexico

Galapagos 

Peru, Martinique

Panama

Braga
occidentalism Unknown California



Table 1. A Distributional List —  continued.

1. Probably the shiner perch Cymatogaster aggregata (Alaska to Bahia San Quintin, Baja 
California).

2. Probably the surf smelt, Hypomesus pretiosus pretiosus (Alaska to Long Beach, 
California).

3. The Pacific bumper (San Pedro, California, and the Gulf of California to Peru); a 
bait fish of minor importance to the California-based tuna fleet (Menzies, Bowman and Alverson 
1955).

4. By kingfish is quite possibly intended Menticirrhus sp., the common kingfish genus; 
what the "others" were is impossible to say.

5. Lironeca redmanni is a tropical Atlantic species; the occurrence of this form in 
Chile is highly unlikely and considered here to represent a probable misidentification.

6. There are so many species of "rock cod" and related fishes— 55 species of rockfish 
occur in California waters, according to Miller and Lea (1972)--that it is impossible to say 
which species (or even which genus) is in question here, although quite probably it was a 
member of the genus Sebastes.

7. Again, there are so many species of flounder and "flounder-like" fishes, it is im
possible to say which one is in question. There are two species of "true flounder" in Cali
fornia (Miller and Lea 1972): the starry flounder, Platichthys Stellatus, and the arrowtooth 
flounder, Atheresthes stomias, but 25 other species of flatfishes also occur there.

8. The walleye surf perch (Vancouver Island, Canada to Punta San Rosarito, Baja 
California).



Table 1. A Distributional List -- continued.

9. This is probably a misidentification as species bearing this generic name are either 
deep-water ratfishes (by Jordan and Everman 1969) or freshwater. South American catfishes.
Both of these groups are highly unlikely as host fishes for a species of Lironeca. It is also 
quite possible that the isopod was indeed found'in a trawl on a ratfish but that this may have 
been an individual that had escaped from its normal, stressed host in the trawl.

10. A ling cod (Alaska to Punta San Carlos, Baja California).

11. A true pompano of the family Carangidae (= T. paitensis).

12. Tuna.
13. The Chilean bonito (San Francisco to Chile).

14. A local vernacular name for fishes of the jack family, Carangidae.

15. A common Gulf of California mullet.

16. Probably Mugil cephalus, the striped mullet. In the eastern Pacific, this species 
ranges from Monterey, California, and the upper Gulf of California to the Galapagos Islands.

17. Probably a marine catfish of the family Ariidae.

18. A horn shark.
19. A kelp bass (Washington State to Bahia Magdalena, Baja California, Galapagos 

Islands).
20. The California spotted scorpion fish (Santa Cruz, California, to Uncle Sam Bank, 

Baja California, Gulf of California).



Table 1. A Distributional List —  continued.

21. The leopard shark (= Heterodontus francisi); ranges from Monterey Bay, California, 
to the Gulf of California.

22. An eagle ray, family Myliobatidae. ’

23. This is probably a mis identification of the very similar appearing jewfish, 
Epinephelus itajara (= Promicrops itajara).

24. An unidentified species of flatfish (Syacium); tissue damage on the host fish is 
evidence of true parasitism by N. californica.

25. The bullseye puffer; probably an accidental association.

26. One of the most common and abundant anchovies in the Gulf of California; tissue 
damage to the fish indicates true parasitism was involved and the large number of infested 
individuals is a strong indication that this fish is one of the normal hosts of this isopod.

27. Tissue damage on the host evidences true parasitism.

28. The isopod was found in the stomach of the dolphin fish, Coryphaena hippurus, and 
Aegathoa excisa (with which it is conspecific) has been recorded from the skin of this same 
fish.

29. See the discussion on fugitive isopods. It is likely that this was a chance meet
ing of isopod, sailfish and fisherman, and had the fish not been brought aboard,the parasite 
might have soon abandoned this fish to continue seeking a more proper host.

30. The Gulf of California grunion; tissue damage (extensive in some cases) indicates 
this fish is truly being parasitized by the isopod.



Table 1. A Distributional List -- continued.

31. The most common and abundant grunt in the Gulf of California. Extensive tissue 
damage to the fish and the high degree of infestation in the grunt population indicates this 
fish is a normal host and the isopod was acting as a true parasite.

32. The Pacific sandab (Bering Sea, Alaska to Caps San Lucas, Baja California).

33. A sandy bottom, schooling species of grunt.

34. See footnote 31, above.
35. Probably Orthopristis reddingi.

36. Probably E. crossotus, the fringed flounder.

37. A marine catfish.

38. The Atlantic tarpon. This may be'an artifact or a misidentification, or it may be 
the correct host.

39. A common Gulf of California mullet.

40. This record is probably a mistake; see discussion of this genus of isopods.

41. Although the northernmost record for a positive identification of this species is 
the one presented in this dissertation (Punta Banda, Baja California Norte) there exists a 
record of "Meinertia sp." ("new species" from Newport Bay, in southern California, MacGinitie 
1937). It is very likely that the species of Meinertia that MacGinitie was dealing with was 
indeed M. gilbert!. The host was given as Mugil cephalus, the normal host of M. gilbert!.



CYMOTHOIDAE OF THE GULF OF CALIFORNIA

Systematics

Family Cyroothoidae

Cirolanoidea with all seven pairs of peraeopods "prehensile" 

(dactyls sharp and strongly recurved). Pleopoda without plumose setae 

in adults. Maxillipedal palp composed to two articles with the terminal 

article bearing stout, claw-like setae. Antennae reduced, not elongated 

and without a clear distinction between peduncle and palp. Pleopods 

without setae. Figures 3-20 are included with their respective genera.

Key to the Genera of Cymothoidae Known from 
the Gulf of California

' 1. Border between cephalon and peraeonite 1 trisinuate,
or tri-lobed (Figures 8 and 9); cephalon never deeply
immersed into peraeon (Figures 7 to 9 ) .......... Nerocila

Border between cephalon and peraeonite 1 broadly 

rounded, not trisinuate (Figure 14); cephalon im

mersed into peraeon (Figure 1 7 ) ................ .. 2

2 (1). Basal articles of antennae 1 dilated and touch

ing (Figure 2 d ) ................................. . Meinertia

Basal articles of antennae 1 not dilated and 

touching (Figure 2d) . ..................  . . . . .  3

36
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3 (2). Pleon abruptly narrower than peraeon or

narrowly attached to peraeon (body not forming 

a continuous convex line between pleon and

peraeon) (Figure 20) ............................  Cymothoa

Pleon and peraeon forming a continuous 

convex body margin (or at least pleon and 

peraeon not abruptly constricted where they

meet) (Figures 14 and 1 5 ) ......................  Lironeca

Genus Nerocila Leach

Chresonvmv

Leach. 1818. Diet. Sci. Nat. Xii, Paris: 351.

Desmarest. 1825. Cons. Gen. Crust: 307.

Latreille. 1829. Regn. an. ed. 2, IV: 133 (Ichthyophilus). 

Milne-Edwards. 1840. Hist. Nat. Crust. Ill: 250.

Dana. 1853. U. S. Explor. Exped., Crust. II: 747.

Miers. 1877. Proc. Zool. Soc. London: 677 (Anilocra). 

Koelbel. 1878. Neu. Cyra: 13 (Emphylia).

Schioedte and Meinert. 1881. Naturhis. Tidsskift. ser. Ill,

4. Vol. il;4.

Richardson. 1900. Amer. Natur. 34: 219.

Richardson. 1901. Proc. U. S. Nat. Mus. 23: 527.

Richardson. 1905. Bull. U. S. Nat. Mus. 54: 219.

Schultz. 1969. Marine Isopod Crustaceans. Brown, Iowa: 150
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Generic Diagnosis

Body relaxed, very often flattened, and only rarely twisted to 

one side or the other (Figures 8 and 9). Head posteriorly produced into 

three lobes, not at all immersed into the peraeon. First 

pair of antennae almost contiguous at the base, arising on either side 

of the clypeus. Mandibular palp of three articles (Figure 3).

First peraeonal segment with the anterior margin deeply trisinu- 

ate (to match the three-lobed posterior border of the cephalon). 

Posterolateral angles of the peraeonites produced, increasing gradually 

in length from anterior to posterior, the first being often little pro

duced, the seventh being always produced. Anterior epimera shorter than 
posterior epimera, the posterior ones almost always extending beyond the 

posterior border of their respective peraeonal segment. Body usually 

tan or some shade of brown, with two pale longitudinal stripes, one on 

either side of the mid-dorsal axis. Peraeopods similar, more posterior 

ones slightly longer than anterior ones.
Pleon free, rarely covered at the base or sides by the peraeon. 

Pleonites of about equal length, the first two, however, often being 

much wider than the others. Pleopods vary little among the species, 

basically all consist of two oval lamellae, without fringing setae or 

other distinguishing characteristics (Figure 3).



Figure 2. Anatomy of a Cymothoid Isopod.

a. Entire body, dorsal aspect

I. Cephalon (= head)

1. Antenna 1
2. Antenna 2

II. Peraeon (= thorax)

3. Peraeonite 1 (= first free thoracic segment); 
note that the epimere of this segment is com
pletely fused with its peraeonite.

4. Epimere (= coxal plate; coxal extension).

III. Pleon (= abdomen)

5. Basis of right uropod (= peduncle; protopod; 
sympod; basipod)

6. Exopod of right uropod
7. Endopod of right uropod
8. Pleotelson (includes uropods) (= caudal segment; 

anal somite)

b. Peraeopod (= thoracic leg)

9. Basis (= basipodite)
10. Ischium (= Ischiopodite)
11. Merus (= Meropodite)
12. Carpus (= Carpopodite)
13. Propodus (= Propodite)
14. Dactylus (= Dactylopodite); note the basalmost 

article of the peraeopod (the coxa or coxopodite) 
is missing from this illustration. It rarely 
comes detached from the body segment as it
forms the epimera and marsupial plates (oostegites) 
of the respective peraeonites.

c. Antenna

d. Ventral view of head, showing basal articles of antennae 1 
and illustrating the difference between Meinertia (upper 
figure) in which the basal articles are dilated and touch, 
and Cymothoa and Lironeca (bottom figure) in which the basal 
articles are not dilated and touching.



Figure 2. Anatomy of a Cymothoid Isopod.
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d

Basal articles of 
antennae one 

dilated and 
touching

/

Basal article-:: of 
antennae one 

not dilated and 
touching

Figure 2. Anatomy of a Cymothoid Isopod--continued.
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Taxonomic Remarks

Little work has been done on this group at the generic level.

The last generic description was that of Richardson in 1905b. Since 

that time the only publications to appear concerning these isopods have 

been scattered species descriptions and an occasional habitat note.

The characters classically used to distinguish the species of 

this genus have been shown to be somewhat unreliable. Such features as 

the visability of the epimera in the dorsal aspect or the width and 

length of the various peraeonites, are highly variable and cannot be 

used in a specific diagnosis or a dichotomous key. There was also, in 

years past, a tendency to include various generic characters in the 

species descriptions, such as the shape of the peraeopods or mouth parts, 

and the presence of the three-lobed posterior border of the cephalon. 

This, perhaps, was due partly to the poor state of knowledge of the 

generic boundaries themselves. Further, it isn't known precisely just 

what characteristics are and aren't consistent throughout the genus.

For example, all of the specimens examined by this author have the first 

epimera completely fused with the first peraeonite and indistinguish

able from it. Nowhere in the literature, however, is this character 

mentioned. Is this a generic character or is it unique to the Nerocila 

populations of the region presently under study. Likewise with the 

presence of the shallow transverse groove in the dorsolateral quarter 

of peraeonites 4-7, which is present in all of the specimens from the 

Gulf of California, and quite distinct. Were these features shown to 

be reliable generic characters (which they probably are) it might
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aid in the separation of Nerocila from closely related genera, such as 

Anilocra. Only a study of actual specimens from the entire world (i.e., 

a generic revision) could clear up problems such as these.

The species of Nerocila known at this time show little distinct

ness, and those of the Gulf of California are no exception. The char-: 

acters of the species I have found to be most taxonomically reliable are 

the morphology of the epimera and the pleotelson, which careful examina

tion of all available characters has proven to show the least amount 

of intraspecific and the greatest amount in interspecific variation.

It must, of course, be assumed that these phenotypic displays reflect 

genome types.

Although the establishment of reliable characters is encouraging, 

workers must be warned that the pleotelson has been shown to be the most 

likely part of the anatomy of Nerocila specimens to be damaged and thus 

bear artificial contours. Many of the eastern Pacific specimens, 

examined by this author, have had damaged pleotelsons, most likely from 

predation by other animals (such as cleaner fishes, etc.).

There are presently five species described in this small taxon, 

from the New World, only two of which are known from the eastern Pacific 

(N. californica and N. excisa). This dissertation anticipates the addi

tion of four new species to this fauna. The four new species described 

in this dissertation are at least as distinct from one another, and all 

other species in this genus, as are all previously described species. 

Unlike most other genera of Cymothoidae, members of the genus Nerocila 

are entirely external and are quick to abandon their host upon capture.
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It is no doubt partly for this reason that lesser numbers of these 

animals are captured than is the case with other genera. For this reason 

three of the new species described in this dissertation are based on 

single, distinct individuals (phena). It is possible that one or more 

of these assumed species represents a member of a local population of a 

polymorphic species as yet not determined as such. Publication of these 

three species will therefore await the advent of additional material, 

with better host data.

Key to the Species of Nerocila in 
the Gulf of California

1. Posterior corners of epimera 2-3 rounded (Figure 

9); antennae 2 composed of 8-9 articles (Figure

5) . ......................... ....................
Posterior corners of epimera 2-3 slightly 

to strongly pointed; antennae 2 composed of 7 or

10-11 articles (Figure 5) . . . .  ..............

2 (1). Antennae 2 composed of 7 articles (Figure 5); 

exopod of uropods scalloped (Figure 4e); distal 

margin of peduncle of uropod forming 2 spines

(Figure 4e) ...................................

Antenna 2 composed of 9-11 articles 

(Figures 5b-5d); exopoda of uropods not scalloped 

(Figures 4a-4d); distal margin of peduncle of 

uropod crenulate or forming 3 or more spines 

(Figure 4) .....................................

species 1

2

species 4

3
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3 (2). Uropoda short, extended to but not beyond

posterior margin of pleotelson (Figure 4b) . . . .  species 2 

Uropoda longer, extended beyond posterior 

margin of pleotelson (Figures 4c-4d) . . ........  4

4 (3). Pleonites 1 and 2 extended laterally

(Figure 8); antennae 2 of 10-11 articles 

(Figure 5c); exopoda lanceolate (Figure 4c); 

epimera 7 do not extend beyond posterior margin

of peraeonite 7 ................................. californica

Pleonites 1 and 2 not extended laterally, 

but the same width as 3-5; antennae 2 of 

9 articles (Figure 5d); exopoda blade-like 

(Figure 4d); epimera 7 do extend beyond

posterior margin of peraeonite 7 ................  species 3

Nerocila californica Schioedte and 
Meinert 1881

Chresonymy:

Schioedte and Meinert. 1881. Naturhis. Tidsskift. (3)13:72. 

Richardson. 1899. Ann. Mag. Nat. Hist. (7)4:172.

Richardson. 1899. Proc. U. S. Nat. Mus. 21:830.

Richardson. 1900. Amer. Natur. 34:220.

Richardson. 1905. Bull. U. S. Nat. Mus. 54:221.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa:151.
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Description of Female:

Body. Width 7-12 mm, length 14-24 mm (body index: non-ovigerous 

female 1,85-2.51, mean 2.08; ovigerous female 1.75-2.26, mean 1.99); 

general color (in alcohol) brown or tan to yellowish.

Cephalon. About as wide as long, averaging 3 mm x 3 mm; front 

rounded; eyes oval, set in posterolateral corners, moderately large; 

antenna 1 of 8 articles, distal 5 with small tufts of setae (Figure 6b); 

antenna 2 of 10-11 articles, terminal article with small tuft of setae 

(Figure 5c).

Peraeon. Peraeonite 6 widest and longest; peraeonites 1, 5, 

and 7 subequal, next longest; peraeonites 2-4 subequal and shortest; 

posterolateral corners of all peraeonites (or just posterior peraeonites) 

produced into acute angles, those of peraeonite 7 extending 1/4 to 1/2 

the way into the pleon; peraeonites 4-7 with a shallow, transverse groove 

in each lateral quarter; epimera of peraeonite 1 completely fused with 

their segment, indistinguishable; epimera of peraeonites 2-7 usually all 

visible in dorsal aspect, although on specimens in which the dorsal 

surface is more convex the epimera tend to be directed more ventrally 

and are less easily seen in this aspect; epimera 2-7 free, those of seg

ments 4-7 forming sharp posterolateral points, increasing in over-all 

size and length posteriorly (Figure 8).

Pleon. Pleonites subequal in length, first and second with long, 

posterolateral processes (those of pleonite 1 extending at least to
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pleonite 4, usually to anterior margin of pleotelson; those of pleonite 

2 extending to midline of pleotelson); pleotelson slightly acuminate 

on posterior margin (Figure 4c); posterior margin of peduncle of uropods 

forming a single, large, medial spine, remainder of margin undulate 

(Figure 4c); exopod of uropods lanceolate, distal end acute (Figure 4c); 

endopod of uropods phylloform, shorter than exopod (Figure 4c); exopod 

and endopod extended beyond posterior border of pleotelson.

Description of Male ;

Width 3-10 mm, length 10-20 mm (body index 1.87-3.23, mean 2.67); 

similar to female except for the following; much more slender than female 

(note body indices above); anterior margin of cephalon slightly more 

acute than in female; eyes about twice the size of the female, and usually 

much darker; peraeonite 1 longest; peraeonites 4-5 widest; posterolateral 

corners of peraeonite 7 barely extending into pleon; lateral extensions 

of pleonites 1-2 directed ventrally, not visible in dorsal aspect; 

uropoda with terminal setae (smaller, younger males have greater amounts 

of setae); exopod of uropods more broad and triangular than in female, 

not at all lanceolate.

Former Known Range :

San Diego, California to Panama (Richardson 1905a, listed Ft.

Sur as a collection record for this species).
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New Records and Host Data;

Mexico, Sonora, Estero de Santa Clara (6-7 miles No. El Golfo 

de Santa Clara); D. G. Lindquist (DGL 720529-1); 29 May 1972; 21 females, 
some gravid; host unknown.

Mexico, Sonora, Rio Colorado (between Isla Montague and Baja 

California); D. G. Lindquist (DGL 720529-2); 29 May 1972; University 

of Arizona Fish Collection No. 72-27; 7 females, some gravid; 1 male; 
host unknown.

Mexico, Sonora, Puerto Penasco; otter trawl (shrimp boat);

L. T. Findley; 29 April 1972; 1 female; possibly from Syacium sp. 
(flounder).

Mexico, Baja California Norte (10-15 miles N. San Felipe); otter 

trawl (shrimp boat); D. G. Lindquist (DGL 720531-2); 31 May 1972; 2 
females, gravid; host unknown.

Mexico, Sonora, El Golfo de Santa Clara (4 miles E. of town); 

captured in bag seine along sandy shore; D. G. Lindquist (DGL 730407-1); 

1 male; attached to body of puffer, Sphoeroides annulatus. This may be 

an accidental association as no tissue damage was visible on the fish 

and it was particularly small to be infested by the large isopod.

Panama, Panama Market; Meek and Hildebrand; 19 January 1912;

1 female, host unknown; specimen on loan from the U. S. National Museum 

(U. S. N. M. No. 66072).

Mexico, Sonora, El Golfo de Santa Clara (4 miles E. of town);

D. G. Lindquist (DGL 730407-1); 7 April 1973; 3 females, gravid;



attached to the base of the left pectoral and isthmus of Cetengraulis 

mysticetis (anchovy); tissue damage present.

Mexico, Gulf of California, delta of the Rio Colorado (Sonoran 

shore), directly north of vest end of Isla Pelicano (near channel inlet); 

L. T. Findley (LTF 730710-1); 10 July 1973; collected with a 50 foot 

bag seine over firm mud/clay; Univ. Ariz. Fish Coll. No. 73-92; 19 

females; 3 males; 1 juvenile; approximately 98 percent of the anchovy 

(Cetengraulis mysticetis) captured were infested with one or two isopods, 

the usual place of attachment being at the base of the pectoral fin, 

along the side of the dorsal fin or variously along the ventrum; all 

fish showed tissue damage, some having considerable damage; many of the 

females were ovigerous; water Temp. 28.8°C; salinity 40 ppt.

Mexico, Baja California Norte (west coast), Estero Punta Banda;

C. L. Hubbs; 16 December 1945; on Mugil cephalus; 3 females; 1 juvenile; 

loan material from Allan Hancock Foundation, Los Angeles.

Mexico, Gulf of California, delta of the Rio Colorado (on Baja 

side), small channel in mainland near spot where channels of Isla 

Montague and Isla Pelicano meet; C. Flanagan; 12 June 1973; Univ. Ariz. 

Fish Coll. No. 73-65; collected in a 20 foot bag seine over clay/mud; 

water Temp. 26.5°C; salinity 39.5 ppt; 11 females; 23 males; all attached 

to Cetengraulis mysticetus (anchovy); tissue damage present (extensive).

Mexico, Gulf of California, delta of the Rio Colorado about 3 

miles NW of north end of Isla Montague (31°51.51 N latitude); L. T. 

Findley (LTF 730709-2); 9 July 1973; 1 female, gravid; attached to base

48
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of dorsal fin of Cetengraulis mysticetus (anchovy); tissue damage 
present.

Mexico, Sonora, El Golfo de Santa Clara; L. T. Findley; 24 April 

1970; Univ. Ariz. Fish Coll. No. 70-39; 1 female, attached at base of 

dorsal fin on Oligoplites mundus (the leather jack); tissue damage 

present.

Mexico, Sonora, about 8 miles SSW Puerto Periasco; otter trawl, 

12-14 fathoms; J. R. Hendrickson and F. M. Lopez; 4 December 1970 (1815- 

1930 hours); Univ. Ariz. Fish Coll. No. 70-2; 1 male, attached to base 

of pectoral fin on Syacium ovale; tissue damage present.

Mexico, Sonora, Puerto Penasco; R. C. Brusca; 10 September 1971; 

otter trawl (shrimp boat); 1 female; host unknown.

Mexico, Gulf of California, Consag Rock (31°7' N latitude); 

otter trawl; D. G. Lindquist (DGL 720602-2); 2 June 1972; 1 female; 
host unknown.

Remarks

Specimens of Nerocila californica in the author's collections 

are similar to Richardson's (1905b) description in nearly all respects. 

The great number of specimens in my collections show a good spectrum of 

variability, which include some characters upon which the original 

description was based. The author's specimens differ from the published 

description of N. californica in the following ways; The body is shorter 

in respect to the width; the eyes are much larger and more distinct, 

and; peraeonite 6 is the longest (not peraeonite 1). These differences 

are not significant taxonomically, representing variable characters.
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There are a few small differences between my specimens and those illu

strated by Richardson (1905b), also. Richardson, however, based her 

figures on those of Schioedte and Meinert (1881); for this reason (and 

to illustrate the genus), I have made entirely new, accurate drawings of 

the first and second pleopods, the mandible and mandibular palp, and 

the fifth peraeopod (Figure 3).

It is of interest to note that specimens of Nerocila californica 

from the Gulf of California have been consistently found as parasites 

on the anchovy Cetengraulis mysticetis and the flounder Syacium.

Tissue damage to the anchovies was almost always present and was most 

evident in the region of the isopod's head. It would appear from the 

records that there exists in the northern Gulf of California a rather 

large and stable population of this isopod, living at the expense of 

the anchovy population in that region. It is also of interest to note 
that along the west coast of the United States N. californica has never 

been reported from anchovy, but rather from rocky shore fishes and sharks 

and rays. The genus Cetengraulis does not occur along those shores, but 

other genera of anchovies do.

The female of this species retains the secondary male character 

of the appendix masculinum, although it appears to be reduced in many 

specimens. Ovigerous females have been collected in April, May and
June.
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Nerocila sp. 1 n, sp.

Description of Female:

Body. Width 10-11 mm, length 22-23 mm (body index 1.9-2.2); 

general color (in alcohol) dark purple.

Cephalon. Slightly wider than long, 3.2 mm x 3.5 mm in the holo- 

type (ratio of width to length = 1.1 to 1.3); front slightly rounded; 

eyes in posterolateral angles, moderately large; antenna 1 of 8 articles; 

antenna 2 of 8-9 articles; antennae subequal in length, without setation 

(Figures 5a and 6a); antennae reaching midline of first peraeonite.

Peraeon. Peraeonites 2-4 shortest, of equal length; peraeonites 

1 and 7 longer, of equal length; peraeonites 5-6 longest and widest, 

subequal; posterolateral corners of peraeonites 1-5 not produced, those 

of peraeonite 6 just slightly produced and those of peraeonite 7 forming 

a short, blunt, produced point; peraeonites 5-7 with a shallow, trans

verse groove in each lateral quarter; epimera of peraeonite 1 completely 

fused with segment, indistinguishable; epimera of peraeonites 2-4 small 

and rounded, largely fused with their respective segment and extending 

just to or slightly beyond posterolateral border of their respective 

peraeonite; epimera 5-7 larger, produced to form dull posterior angles, 

but not extending much, if at all, beyond the posterior border of their 

respective segments; epimera 7 largest; epimera may or may not be visible 

in the dorsal aspect.
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JPleon. Pleonites subequal in length; pleonites 1 and 2 with 

long, pointed lateral extensions, set off from main body of pleonite 

and at first resembling epimera; posterolateral tips of pleonite 1 

extending to anterior margin of pleonite 4; posterolateral tips of 

pleonite 2 extending to or beyond the anterior margin of the pleotelson; 

pleonite 3 with a minute, indistinct, lateral spine; pleonites 4-5 lack

ing extensions or spines; pleotelson evenly rounded (Figure 4a); 

posterior margin of peduncle of uropods forming a medial point and a 

lateral point, the medial being the larger (Figure 4a); exopoda narrow 

and moderately acute; endopoda leaf-like, shorter than exopoda (Figures 

4a and 49); exopoda and endopoda extend beyond posterior border of 
pleotelson.

Description of Male:

Body 6 mm x 12 mm. Similar to female except for the pleotelson, 

whose posterior border in the male appears slightly acuminate (this, 

however, may be artificial, due to damage).

Holotype ;

Female; gravid; 10 mm x 22 mm; to be deposited California 

Academy of Sciences, San Francisco.

Type Locality ;

Mexico, Sinaloa, Mazatlan; collected by Paul Wares, 1969. No 

other locality data available. Collected from the body of the sailfish, 

Istiophorus platypterus Shaw and Nodder, 1791. Specimen loaned to 

author by California Academy of Sciences.
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Records and Host Data :

Mexico, Sinaloa, Mazatlan; Paul Wares; 1969; from the body of 
the sailfish Istiophorus platypterus Shaw and Nodder, 1791. The holo- 

type and 2 paratopotypes (males).

Mexico, Sonora, El Golfo de Santa Clara; L. T. Findley; 24 

April 1970; Univ. Ariz. Fish Coll. No. 70-39; attached to isthmus of the 

Gulf grunion, Lauresthes sardina; 2 females (gravid), on separate fish, 

one attached on midventrum between the isthmus and pelvic fins, the 

other attached on the mid-ventrum between the pelvic fins and the anal 

fins; slight tissue damage present.

Mexico, Sonora, El Tornillal (about 25 miles S. El Golfo de 
Canta Clara); beach seine on sandy beach; D. A. Thomson; 25 March 1967; 

Univ. Ariz. Fish Coll. No. 279• host unknown; 1 female.

Mexico, Sonora, Puerto Pe'nasco, Bahia Cholla; L. T. Findley;
26 March 1971; 1 female; host unknown.

Other Data: *

The holotype is heavily infested with parasitic barnacles of the 

genus Conchoderma, probably C. virgatum (Spengler), Figure 9. Total 

lengths of the barnacles and their locations of attachment is given as 

follows.

Left Side.

Anterior border of cephalon (2) 1.5 mm; 1.5 mm

Posterolateral border of peraeonite 6 1.5 mm

Lateral surface of pleonite 1 1.5 mm



54
Lateral surface of pleonite 2 

Anterolateral surface of pleotelson 

Undersurface of peduncle of uropod (2)

3.0 mm

4.5 mm
4.5 mm; 11 mm

Right Side.

Posterolateral border of pleonite 7 5.5 mm

Undersurface of peduncle of uropod 9.0 mm

Hastings (1972) discussed the occurrence of Conchoderma virgatum 

on Nerocila acuminata [which, in turn, was attached to the orange file 

fish Alutera schoepfi (Walbaum)] from Panama City, Florida. These 

barnacles are commonly found attached to non-living objects, fish, cope- 

pods parasitic on fish and whales, and occasionally on other crustaceans, 

turtles, etc. To my knowledge this represents the second record of the 

attachment of Conchoderma to an isopod. The large, well-developed 

marsupium of the females from Mazatlan and El Golfo de Santa Clara con

tain only a few eggs, no larvae. Either the others were lost upon cap

ture and preservation or they had already released the young and the 

eggs remaining represent those that failed to develop properly. The 

females from El Tornillal and Bahia Cholla are without eggs or larvae.

Relationships:

Nerocila sp. 1 is similar to Nerocila californica but is unlike 

all other described species in the genus. Further material may eventually 

prove Nerocila sp. 1 to be representative of polymorphic variants of N. 

californica. It is the only member of this genus in the Gulf of 

California whose color (in alcohol) is purple (the dorsum is mottled dark
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purple and pale lavender) } all other species being tan to cream colored. 

The significance of "this color difference remains to be explained. 

Nerocila sp. 1 may be distinguished from N. californica, and all species 

in this genus, by the following combination of characters: the shape and 

arrangement of the epimera; the number of articles to antennae 2; the 

color; and, the characters of the pleotelson.

Remarks;

The host record for the holotype (sailfish) seems questionable. 

This fast-swimming, solitary, pelagic fish is a highly unlikely host.

The Gulf grunion, however, is a quite logical host and the tissue damage 

seen on these fish infested with Nerocila sp. 1 (from El Golfo de Santa 

Clara) is strong evidence that these are the normal host fish for this 

species. Ovigerous females have been collected in April only.

Nerocila sp. 2 n. sp.

Description of Female;

Unknown.

Description of Male:

Body. Width 5 mm, length 13 mm (body index 2.6); general color 

(in alcohol) brown; entire body more-or-less flattened.

Cephalon. Wider than long, 1.7 mm x 2.1 mm (ratio of width to 

length = 1.2); front rounded; eyes in posterolateral corners, small and 

round; antenna 1 composed of 8 articles; antenna 2 composed of 10



56

articles (Figures 5 and 6); antennae subequal in length, extending just 

barely beyond posterior margin of cephalon.

Peraeon. Peraeonite 1 longest; peraeonites 2-7 subequal in 

length; peraeonite 4 widest; posterolateral corners of all peraeonites 

produced, especially more posterior ones; posterolateral corner of 

peraeonite 7 extending to 4th pleonite; peraeonites 5-7 with a shallow, 

transverse groove in each lateral quarter; epimera 1 completely fused 

with peraeonite, indistinguishable; pleonites 2-7 with free epimera; 

epimera of peraeonites 2-3 clearly visible in dorsal aspect; epimera 

of peraeonite 4 not visible in dorsal aspect, and those of peraeonites 

5-7 barely visible; epimera large, subequal, entirely ventral, and acute

ly pointed posteriorly; more posterior epimera with distinct 90° bend 

toward the posterior, more anterior ones curving gradually in the same 

direction.

Pleon. Pleonites subequal in length, first two much wider than 

others but without the long, posterolateral extensions seen in Nerocila 

sp. 1; lateral tips of pleonite 1 extending to anterior margin of 

pleotelson; pleotelson evenly rounded, but with a slightly acuminate 

posterior border (Figure 4b); distal margin of peduncle of uropods forms 

3-4 weak points (Figure 4b); exopods and endopods phylloform, exopods 

more narrow and longer than endopods; exopods reaching posterior border 

of pleotelson, endopods failing to do so (Figure 4b).
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Holotype ;

Male; 5 mm x 13 mm; to be deposited California Academy of 

Sciences, San Francisco.

Type Locality;

Mexico, Sonora, 4-5 ton off Morro Colorado (about 25 miles N. 

of Guaymas); Alex Kerstich; 22 October 1971; Univ. Ariz. Fish Coll.

No. 71-74.

Records and Host Data:

Holotype only; host unknown (see above).

Other Data;

The holotype and only specimen was taken from a collection made 

from various fishes in several trawl catches (small otter trawls) around 

Morro Colorado. The fish were destined to become fish meal, to be used 

for fertilizer and/or poultry feed. According to the local fishermen 

these trawls were made from various depths ranging from 5 to 10 fathoms, 

4 to 5 kilometers from the village of Morro Colorado. However, the 

collector (Mr. Alex Kerstich) noted that many of the fish had bulging 

eyes and protruding air bladders and he suspected that some of the 

trawls might have come from deeper water than indicated by the fisher

men, perhaps 30-50 fathoms. A list of the fishes taken in this collec

tion may be found in the University of Arizona Fish Collection catalog

record UA 71-74.
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Relationships ;

Nerocila sp. 2 bears some resemblances to Nerocila californica 

Schioedte and Meinert 1881, in antennal segmentation, uropodal morphology 

and in having peraeonite 1 the longest. It differs from this species, 

and all others described in this genus, by the following combination of 

characters: produced pleonites on segments 1-5 of pleon; short uropodal 

podites; a highly flattened body; and, none of the epimera extend beyond 

the posterior border of their respective peraeonite.

Nerocila sp. 3 n. sp.

Description of Female;

Body. Width 5 mm, length 11 mm (body index 2.2) ; general color 

(in alcohol) tan; body quite flat.

Cephalon. As long as wide, 2 mm x 2 mm; front bluntly rounded; 

eyes in posterolateral angles, very large; cephalon more-or-less tri

angular, not forming the usual three distinct lobes along the posterior 

border, but rather the lateral lobes are somewhat free from the 

peraeon (Figure 6); antenna 1 composed of 8 articles; antennae 2 of 9 

articles, terminal article with small tuft of apical setae (Figures 5d 

and 6c); antennae subequal in length, extending just into the first 

peraeonite.

Peraeon. Peraeonite 1 longest; peraeonites 2-4 subequal;

peraeonites 5-7 subequal, compressed, and much wider than 1-4, 5 and 6 

being the widest; posterolateral angles of peraeonites rounded, those of
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6 and 7 just slightly produced; peraeonites 4-7 with a shallow, trans

verse groove in each lateral quarter; epimera of peraeonite 1 completely 

fused with their peraeonite, not distinguishable; epimera 2-7 distinct 

in dorsal aspect, those of peraeonites 2-3 not much produced, and not 

extending beyond the posterior border of their respective segments; 

epimera 4-7 free and produced, extending beyond the posterior border of 
their segments.

Pleon. Pleonites all subequal in size, none being produced 

laterally; pleotelson slightly acuminate (Figure 4d); peduncle of uro- 

pods crenulate; exopods blade-like, extending well beyond posterior 

margin of pleotelson; endopods phylloform, extending to or slightly 

beyond posterior margin of pleotelson (Figure 4d).

Description of Male ;

Unknown.

Holotype :

Female; 5 mm x 11 mm; to be deposited California Academy of 

Sciences, San Francisco.

Type Locality;

Mexico, Sonora, El Golfo de Santa Clara; other trawl (shrimp 

boat); K. Muench and others; 29 February 1968.

Records and Host Data;

Holotype only; host unknown.
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Relationships;

Nerocila sp. 3 is quite unlike any other species described in 

the genus. The unusual configuration of the head, the absence of long, 

lateral extensions on the first two pleonites and the size of the eyes 

all stand out to make this species quite distinct and easily recognized. 

Nerocila sp. 3 shares some features with Nerocila sp. 2, such as number 

of antennal articles and similarities in uropodal peduncle shape and 

exopod and endopod shape.

Nerocila sp. 4 n. sp.

Description of Female?

Body. Width 13 mm, length 23 mm (body index 1.8); general color 

(in alcohol) tan.

Cephalon. Slightly wider than long, 3.7 mm x 4.7 mm (ratio of 

width to length = 1.3); front truncate, with a slight curvature; eyes in 

posterolateral angles, greatly reduced; antenna 1 composed of 8 articles, 

apical articles with slight setation (Figure 6a); antenna 2 composed of 

7 articles (Figure 5e); antenna 1 slightly longer than antenna 2, both 

short, barely reaching the posterior margin of cephalon.

Peraeon. Peraeonite 1 longest; peraeonites 2-4 shortest, sub

equal; peraeonite 6 widest; posterolateral corners of all peraeonites 

form acute angles, those of segment 1 short and blunt, those of segment 

2 longer and acute, and those of remaining peraeonites becoming longer 

posteriorly; posterolateral spines of peraeonite 7 extend well beyond
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the posterior margin of pleonite 5; peraeonites 5-7 with a shallow, 

transverse groove in each lateral quarter; epimera of peraeonite 1 

completely fused with segment, indistinguishable; epimera 2-7 distinct, 

free, all visible in dorsal aspect and forming posteriorly directed 

spines; epimera 2-3 extend beyond the posterior border of their respec

tive segments, 4-7 are directed somewhat downward and do not.

Pleon. Pleonites subequal in length; pleonites 1 and 2 with 

long, pointed lateral extensions, extending past the anterior margin of 

the pleotelson; distal margin of peduncle of uropods forms 2 strong 

spines, the medial one being very long and acute (Figure 4e); exopod 

lanceolate, endopod blade-like (Figure 4e); exopod and endopod of uropod 

extend slightly beyond posterior margin of pleotelson; posterior margin 

of pleotelson indented medially (Figure 4e).

Description of Male;

Unknown.

Holotype;

Female; 13 mm x 23 mm; to be deposited California Academy of 

Science, San Francisco.

Type Locality;

Mexico, Sonora, Puerto Penasco (about 1.5 miles WSW of town);

otter trawl (shrimp boat), in 10-13 fathoms; L. T. Findley, J. R. 

Hendrickson, and others; 29 April 1972; Univ. Ariz. Fish Coll. No. 72-23.



Figure 3. Nerocila California Female.

a. Pleopod 1

b. Pleopod 2

c. Mandible (with mandibular palp)

d. Fifth peraeopod



62

Figure 3. Nerocila californica Female.



Figure 4. Nerocila— Pleotelsons.

a. Nerocila sp. 1 
HOLOTYPE.

b. Nerocila sp. 2 
HOLOTYPE.

c. Nerocila californica 
Mexico, Sonora, Puerto Penasco

d. Nerocila sp. 3 
HOLOTYPE

e. Nerocila sp. 4 
HOLOTYPE

Note: Although the uropods and telsons are drawn separately, 
their relative sizes are correct and the degree of projection, 
of the uropods, beyond the posterior border of the telson is 
accurate.
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Figure 5. Nerocila--Second Antennae

a. Nerocila sp. 1 
HOLOTYPE

b. Nerocila sp. 2 
HOLOTYPE

c. Nerocila californica 
Mexico, Sonora, Puerto Penasco

d. Nerocila sp. 3 
HOLOTYPE

e. Nerocila sp. 4 
HOLOTYPE



64

Figure 5. Nerocila--Second Antennae.



Figure 6. Nerocila--First Antennae.

a. Nerocila sp. 1*
HOLOTYPE

b. Nerocila californica 
Mexico, Sonora, Puerto Penasco

c. Nerocila sp. 3 
HOLOTYPE

d. Nerocila sp. 4 
HOLOTYPE

* The first antennae of Nerocila sp. 2 is identical to that 
of Nerocila sp. 1 and is, for this reason, not figured.
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l/2mm

Figure 6. Nerocila— First Antennae.
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Figure 7. Nerocila sp. 3--Anterior Region of Body.
-- Note unusual configuration of head and 
first peraeonite.
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Figure 8. Nerocila californica--Dorsa1 Aspect.
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Figure 9. Nerocila sp. l--Dorsal Aspect. -- Note attached barnacles
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Records and Host Data;

Holotype only (see above); attached to the base of the caudal 

peduncle of the grunt, Orthopristis redding!.

Relationships;

Nerocila sp. 4 does not bear a close resemblance to any other 

described species in this genus. It differs from all others by the 

following combination of characters: antenna 2 with 7 articles; posterior 

border of pleotelson excavate; arrangement and morphology of epimera; 

and, morphology of the uropodal peduncle.

Genus Lironeca Leach

Chresonymy:

Leach.. 1818. Diet. Sci. Nat. XII, Paris:351.

Desmarest. 1825. Cons. Gen. Crust:307.

Hilne-Edwards. 1840. Hist. Nat. Crust. 111:259.

Dana. 1853, U. S. Explor. Exp., Crust. 11:747.

Schioedte and Heinert. 1884. Naturhis. Tidsskift. (3)14:340. 

Richardson. 1900. Amer. Natur. 34:220.

Richardson. 1901. Proc. U. S. Nat. Mus. 23:525.

Richardson. 1905. Bull. U. S. Nat. Mus. 54:256.

Menzies, Bowman and Alverson. 1955. Wasmann Jour. Biol.

13(2):290.

Bowman and Diaz-Ungria. 1957. Mem. Soc, Ciencias Natur. la Salle:

113.



Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa;162.

Menzies and Frankenberg. 1966. Common Marine Isopod Crustaceans 

of Georgia:28.

Alperin. 1966. New York Fish and Game Jour. 13:121.

Menzies and Glynn. 1968, Common Marine Isopod Crustacea of 

Puerto Rico (studies on the fauna of Curacao and other 

Caribbean Islands 27):46.

. Lincoln. 1971. Marine Observer 41(234):185.

Brusca. 1973. Common Intertidal Invertebrates of the Gulf of 

California:205.

Generic Diagnosis:

Body suboval, often more or less twisted to one side or another. 

Head most always deeply immersed into first peraeonite. First 

pair of antennae widely separated at base, basal articles rather com

pressed. Eyes moderately large.

Peraeonite 1 with anterior margin widely sinuated in the middle, 

more-or-less sinuated or incised at the anterolateral angles.. Peraeopods 

lack stout setae on inferior margins.

Pleon continuous with peraeon except for the first or first and 

second pleonites, which may be narrow and immersed into the peraeon.

In general, the pleon is not much narrower than the peraeon.

Taxonomic Remarks :

Relative to other genera, Lironeca represents the best known
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genus of cymothoid isopods in the eastern Pacific at this time, and yet
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even at this it remains poorly known at best. It is the only genus in 

the family having enjoyed some recent taxonomic and ecological work 

published on it. One paper in particular stands out, that of Henzies, 

Bowman and Alverson (1955) in which, for the first time, a large series 

of specimens (L. convexa) was examined. Their efforts were obviously 

directed towards the discovery of new taxonomic characters for the group, 

and their descriptions are quite lengthy. Still, it remains a task to 

separate the majority of species, most of which were described before 

the turn of the century. The extensive descriptions of the adult pleo- 

pods given by Henzies, Bowman and Alverson (1955) may well turn out to be 

a major clue, eventually allowing the species of this genus to be more 

easily distinguished, as it has done for the Gulf of California fauna. 

Their attempts to establish a life cycle (through secondary data) is 

another step forward and should be compared to speculations made in this 

paper on the same topic. A second recent description, again done in 

detail, is that of Bowman (1960) for L. puhi, a Hawaiian species.
There exist, at this time, ten described species of Lironeca in 

the New World, eight of which have been reported from the east Pacific.

In addition, Henzies (1962a) mentions one he considered to be a new 

species from Bahia de San Quintin, Baja California, but gives no descrip

tion beyond stating it is somewhat intermediate between Lironeca 

californica and Lironeca panamensis. Considering the descriptions he 

had to go on, it could well have been either species, or a third species 

entirely, that he was dealing with.
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The species of Lironeca in the eastern Pacific, like those of 

the other genera of Cymothoidae in this region, show few morphological 

differences between one another. The characters I have found to be 

most reliable are those of the pleotelson and the pleopods, especially 

the latter.

The question of symmetry is especially perplexing. Only some of 

the individuals of a population are twisted, and when they are the 

bodily parts take on unusual proportions and configurations. The uro- 

pods especially becoming enlarged or reduced on opposite sides. However, 

it would appear that the direction in which the body is twisted, and the 

enlargement or reduction of the opposing urdpods are not correlated.

The first pleonite also is thrown out of position occasionally by the 

twisting of the body. Why is it that only some individuals become so 

twisted? What role does the attaching of the parasite on its host play 

on the eventual body configuration it assumes?

Another interesting problem is the localized occurrence of these 

isopods. Why is it that some areas reveal catches of fish with 80 or 

90 percent infestation, while other areas reveal only one or two fish 

out of an entire trawl that are infested? The degree of host specificity 

is totally unknown. What relationship does this play in their distribu

tion and life cycle, or more importantly, what role has it played in

their evolution?
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Key to the Species of Lironeca in 
the Gulf of California

1. Pleopods 1 and 2 with an accessory lobe on the 

endopod (Figure 13); peduncle of pleopod 2 with 

two accessory lobes (Figure 13b); pleotelson as 

long as wide, or longer (Figure 12d); body

strongly convex (Figure 15) . . .  ..............  convexa

Pleopods 1 and 2 without accessory lobes 

on the endopod (Figure 11); peduncle of 

pleopod 2 with a single accessory lobe (Figure 

11); pleotelson wider than long (Figure lOd); 

body weakly convex (Figure 14) . . .  ............  panamensis

Lironeca convexa Richardson 1905

Chresonymy:

Richardson. 1905. Proc. U. S. Nat. Mus. 29:445.

Henzies, Bowman and Alverson. 1955. Wasmann Jour. Biol. 13(2):277. 

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa;167.

Lincoln. 1971. Marine Observer 41(234):185.

Brusca. 1973. Common Intertidal•Invertebrates of the Gulf of 

California:205.

Description of Female;

Body. Width 11 mm, length 22 mm (body index 2.0); general

color (in alcohol) yellowish-tan.
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Cephalon. About 1/6 wider than long; frontal border evenly con

vex; eyes separated from each other by a distance equal to about 1/2 

the width of the cephalon; antenna 1 composed of 7-8 articles; antenna 

2 of 9-10 articles; mandibular palp with three articles, the first 

being the longest.

Peraeon. Peraeonite 1 longest; peraeonites 4-5 widest; epimera 

of peraeonite 1 strongly fused with their segment; epimera 2-6 less 

tightly fused, sutures obvious; epimera of peraeonite 7 free distally, 

but with rounded posterior corners; epimera extend to posterior margins 

of their respective segments, but not beyond; epimera hidden in dorsal 

aspect due to strongly convex dorsal body surface; propods of peraeopods 

without setae; peraeopods similar, increasing in length posteriorly; 

carina of basis of posterior peraeopods strongly developed.

Pleon. Pleonites subequal in length; pleon 1/5 longer than 

wide; pleotelson about 1/3 length of pleon; pleotelson tapers to point, 

being as long as wide (Figure 12); uropods flexed under pleotelson so 

as to be scarcely discernible in the dorsal aspect (Figure 15); peduncle 

of uropods with a few minute setae on the medial margin, distal medial 

angle otherwise lacking setae; exopod pointed, equal to or slightly 

longer and much narrower than endopod; endopod with broadly rounded 

apex, about twice as long as wide (Figure 12); plebpods fleshy, lacking 

marginal setae; pleopod 1 with accessory lobe attached to outer margin 

of peduncle; endopod with accessory lobe on inner margin; peduncle of 

pleopod 2 with two accessory lobes, the more proximal folded and incised
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on outer margin; endopod with an accessory lobe and an appendix masculi- 

num (Figure 13); pleopods 3-5 similar to first except that the endopods 

and accessory folds are progressively more fleshy and pleated.

Description of Male :

Cephalon. One-seventh wider than long; frontal border more 

pronounced than in female; eyes separated from one another by a distance 

equal to about 1/3 the width of the cephalon; antenna 1 of 8 articles; 

antenna 2 of 10-11 articles.

Peraeon. About twice as long as wide; paired penis lobes on 

ventral surface of peraeonite 7.

Pleon. Uropods less inflexed than in female, hence more visible 

in the dorsal aspect; uropodal peduncle with about 10 marginal setae; 

exopod with about 16 marginal setae; endopod with about 20 marginal 

setae; exopod slightly larger than endopod, less pointed than that of 

female; pleopods similar to those of the female except that their folds 
and pleats are less extensive.

The above description is based on Henzies, Bowman and Alverson 

(1955) and specimens in the author's collections from the west coast of 

Baja California.

Former Known Range;

Honduras to the Gulf of Guayaquil, Ecuador.
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New Records and Host Data ;

Mexico, Baja California Norte (west coast), Bahia Juanico;

J. W. Knudsen; 8 February 1955; from gills of Pompano; 2 females; 2 

males; 2 juveniles; loan material from the Allan Hancock Foundation, Los 
Angeles.

California, Santa Catalina Island; collector, date and host un

known; 1 female; loan material from the Allan Hancock Foundation, Los 
Angeles.

Remarks:

Menzies, Bowman and Alverson (1955, p„ 278) remarked:

Dr. W. L. Jones collected a single specimen of this species in 
1885 in Panama. A host was not recorded. The type and only 
specimen was described by Richardson and deposited in the col
lection of the University of Pennsylvania. Dr. D. H. Wenrich 
of the Zoological Laboratory of that institution was unable 
to locate the specimen (in litt., April, 1953). A search of 
the collection of the United States National Museum by Dr. Fenner 
A. Chace, Jr., curator of marine invertebrates, was similarly 
fruitless. Therefore, it seems probable that the holotype of 
Livoneca convexa has been lost. To our knowledge, the species 
has not been recorded since its original description. Our 
record of over 200 speciments, all from Chloroscombrus orqueta, 
indicates the species to be rather common and perhaps a serious 
fish pest.

The excellent description given by the above authors is one of 

the few modern descriptions in existence for a species of New World 

cymothoid. It is obvious from their account that they were well aware 

of the problem of poor descriptive material in older accounts. Their 

redescription of this species includes many characters not previously 

used to distinguish members of this family, especially relevant being 

those of the pleon. Their work extended the distribution of this



species from the type locality (Panama) to the Gulf of Guayaquil,

Ecuador and San Lorenzo Bay, Honduras. In a collection I received from 

the Allan Hancock Foundation there exists material for two additional 

records, both well north of the previous ones (the northwest coast of 

Baja California and Catalina Island, off Los Angeles). The two northern

most records for the host are from Los Angeles harbor (Fry 1940) and 

San Quintin Bay, Baja California (Fitch 1949), so these new records are 

not surprising. On the basis of this new data establishing L. convexa 

as a wide-ranging species, it now appears probable that it occurs also 

in the Gulf of California, and for this reason it has been included in 

this dissertation.

This is the only species of cymothoid reported as attaching in 

the host's throat with the head directed posteriorly. Menzies, Bowman 

and Alverson (1955) claimed this put the mouth of the isopod next to the 

gill rakers for feeding purposes.

The detailed description of each of the pleopods of this species 

(given by Menzies, Bowman and Alverson) is especially important. They 

did not, however, figure any of the adult pleopods and to this author's 

knowledge no figures or descriptions of all five adult pleopods of any 

New World cymothoid exist. For this reason, pleopod figures are here 

given for both Lironeca convexa and Lironeca panamensis. This appears 

to be a good example of mosaic evolution at work, as the differences 

seen in the pleopods of members of this group are much greater than the 

differences seen in any other character of the genus. .
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ing characters, a totally new key has been written for the species of 

this genus occurring in the eastern Pacific, north of the Equator.

Based on the discovery of the pleopods as reliable distinguish-
'

characters, a totally new key has been written for the species of 

s genus occurring in the eastern Pacific, north of the Equator.

Key to the Species of the Genus Lironeca 
Known*from the Eastern Pacific, North of 

the Equator (Including Hawaii)

1. Basis of peraeopods 5-7 with a c a r i n a ..........  2

Basis of peraeopods 5-7 without a carina . . .  4

2 (1). Second pleopod (of female) lacking an appendix 

masculinum (or with only a small remnant of one); 

body large, to 35 mm long; uropods do not reach, by 

a good distance, the distal margin of the pleo-

telson ....................... ....................  vulgaris

Second pleopod (of female) with a well- 

developed appendix masculinum; body smaller, less 

than 25 mm long; uropods nearly reach, or extend 

beyond, distal margin of pleotelson . . . . . . .  3

3 (2). Uropods extend to or beyond distal margin of 

pleotelson; pleopods 1 and 2 with an accessory 

lobe on endopod; pleotelson as long as wide . . . convexa

Uropods fall short of distal margin of 

pleotelson; pleopods 1 and 2 without accessory 

lobes on the endopod; pleotelson wider than

long . . . . . . . . . . . . . .  ..............  . panamensis

78



79
4 (1). Head wider than long; known only from

Hawaii............ ..............................  puhi

Head as long as wide; Alaska to southern 

California . . ................................... californica

Lironeca panamensis Schioedte and Meinert 1884

Chresonymy♦

Schioedte and Meinert. 1884. Naturhis. Tidsskift. (3)14:349.

Richardson. 1899. Proc. U. S. Nat. Mus. 21:830.

Richardson. 1899. Ann. Mag. Nat. Hist. (7)4:172.

Richardson. 1905. Bull. U. S. Nat, Mus. 54:257.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa:167.

Brusca. 1973. Common Intertidal Invertebrates of the Gulf of 

California:205.

Description of Female;

Body. Width 7-11.4 mm, length 11.2-21.5 mm (body index 1.7-2.0, 

mean 1.8); general color (in alcohol) yellow (Figure 13).

Cephalon. About twice as wide as long ( 2 x 4  mm in most speci- 

ments); front weakly truncate; eyes well-developed, located in postero

lateral quarters of head; antenna 1 composed of 8 articles, antenna 2 of 

10 articles (Figure 10); specimens have been examined with only 7 articles 

to the first antenna, and with 8-11 articles to the second; these varia

tions are not common and are probably due to somatic repair to damaged 

appendages (in these cases the antennal articles appear somewhat
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asymmetrical or otherwise indicative of irregular growth); antenna 1 

extends to posterior border of cephalon, antenna 2 to about 1/3 the 

distance back onto the first peraeonite; first pair antennae separated 
by about 1 mm.

Peraeon. Peraeonite 1 longest; peraeonites 4-5 widest; epimera 

on peraeonite 1 tightly fused to its segment, sutures hardly visible; 

epimera of peraeonites 2-4 less tightly fused, sutures obvious; epimera 

5-7 free distally and with posteriorly directed acute angles; epimera 

extend at least to posterior border of their respective peraeonite; all 

epimera visible in dorsal aspect (Figure 14); peraeopods similar, in

creasing gradually in length posteriorly; peraeopods with slight carina 

on basis, becoming more distinct on posterior legs.

Pleon. Pleonites subequal in length; pleonite 1 more or less 

covered by peraeonite 7, in some cases hardly immersed at all, in others 

greatly immersed so that lateral margins are not visible, occasionally 

even the posterior border being hidden; young individuals tend to have 

the first pleonite more exposed than older individuals; midline of 

pleon occasionally slightly elevated, forming a longitudinal rise; 

pleotelson evenly rounded, wider than long (about 4 mm x 6 mm in average 

sized specimens); some specimens have a wavey or crenulate posterior 

margin to the pleotelson, this probably representing predator damage to 

the isopod; pleopods as in Figure 11; uropods subequal, evenly rounded, 

not extending beyond posterior border of pleotelson (Figure 10).
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Description of Male:

Width 3.8-11.5 mm (mean = 5.7 mm); length 7.0-21.0 mm (mean =

10.7 mm); body index 1.6-2.2 (mean = 1.9); similar to female, except 

with a more distinctly truncate cephalon, not much wider than long, and 

in having the posterior peraeopods with a more distinct carina on the 

basis.

Former Known Range;

Mazatlan, Sinaloa, Mexico to Panama.

New Records and Host Data;

Mexico, Baja California Sur, Bahia Concepcion; otter trawl;

Scripps Alpha Helix Baja Cruis No. 18 III 74-3; R. C. Brusca; 18 March 

1974; water Temp. 64°F; 1 male; host unknown.

Mexico, Baja California Norte (west coast), Bahia San Quintin; 

otter trawl (depth 150 ft.); Scripps Alpha Helix Baja Cruise No. 18 II 

74-2: R. C. Brusca; 18 February 1974; 3 females (ovigerous); host unknown.

Mexico, Gulf of California south of Isla Tiburon (28°361 N 

112° W); 26-35 fathoms; Te Vega Cruise Station No. XVI 98-99; J. Nybakken 

and D. A. Thomson; 17 October 1967; 2 males; 1 female; host unknown.

Mexico, Baja California Norte, 10-15 mi. N. San Felipe; otter 

trawl; D. Lindquist (DGL 720531-2); 31 May 1972; 8 males; host unknown.

Mexico, Sonora, El Golfo de Santa Clara; 100-500 mi. offshore;

C, D. Lockwood; 6 June 1968; 1 male; host unknown.

Mexico, Gulf of California, mouth of the Colorado River, between 

Isla Montague and Baja California; otter trawl; D. G. Lindquist;

(DGL 720529-2); 29 May 1972; 1 male; 1 female; host unknown.
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Mexico, Sonora, Estero Santa Clara (6-7 mi. N. El Golfo de Santa 

Clara); D. G. Lindquist; 29 May 1972; 2 females; 1 male; host unknown.

Mexico, Sonora, Puerto PeTiasco; otter trawl (shrimp boat) 30 km 

SW town; R. C. Brusca; 13 January 1971; 3 females (2 ovigerous); host 

unknown.

Mexico, Baja California Norte, 10-15 mi. N. San Felipe; otter 

trawl; D. G. Lindquist (DGL 720531-2); 3 May 1972; 9 females (some 

ovigerous); 2 males; host unknown.

Mexico, Baja California Sur, Mulege (outside Bahia Concepcion); 

26054l N 111°54' W; 26-30 Ftms; Te Vega Cruise No. XVI-48; D. A. Thomson; 

3 October 1967; 1 male; host unknown.

Mexico, Sonora, Morro Colorado (25 mi. N. Guaymas); 4-5 mi. off

shore; otter trawl (60 ft.); A. Kerstitch (ANK 051171-1); 5 November 

1971; 1 female; host unknown.

Mexico, Baja California Norte, 10-15 mi. N. San Felipe; otter 

trawl; sandy bottom (30 ft.); D. G. Lindquist (DGL 720531); 3 April 1972; 

1 female; host unknown.

Mexico, Gulf of California, Consag Rock (W. side of large rock); 

otter trawl; D. G. Lindquist (DGL 720602-2); 2 June 1972; 2 females; 1 

male; host unknown.

Remarks:

Specimens of Lironeca panamensis in the author's collections are 

identical to the description of this species given by Richardson (1905b) 

in all but two respects: the fifth and sixth epimera of L. panamensis 

are said (Richardson 1905b) not to reach the posterior margin of their
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peraeonite, whereas in the specimens from the Gulf of California and 

Baja California in my collections they not only reach but in some cases 

extend beyond the margin, and, the first pleonite of L. panamensis is 

said to have its posterior border hidden by peraeonite 7, but in the 

author's specimens it is obvious that this is a highly variable character 

in that some are so hidden while others are not. The lateral edges of 

the first pleonite are likewise sometimes hidden and sometimes not. Both 

of these characters are unreliable for use in species diagnoses and 

should be dropped from the literature in this regard. These, like so 

many other highly variable features of this family have been passed on 

from generation to generation of zoologist, indicating that a large 

series of these animals has never been properly studied, or if so, the 

person making the study failed to notice or publish these findings.

The use of the pleopods as distinguishing characters in this 

genus appears to be very useful. The only two species that have had the 
pleopods fully described are Lironeca panamensis and L. convexa; 

distinct differences occur between these two, as can be seen from the 

descriptions. It is of interest to note that the second pleopod in 

female specimens of L. panamensis retains the characteristic male 

appendix masculinum. Menzies, Bowman and Alverson (1955) noticed this 

same phenomenon in L. convexa.

Ovigerous females of Lironeca panamensis have been found in 

January, February, and May.

The major differences between L. panamensis and L. convexa (the 

only two species of this genus expected to occur in the Gulf of Cali

fornia) are presented in Table 2.
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Table 2. Comparison of Lironeca convexa to Lironeca panamensis.

L. convexa L, panamensis

Basis of peraeopods with strong 
carina (basis of peraeopod 7-- 
2 . 3 x 4  mm).

Basis of peraeopods with weak 
carina (basis of peraeopod 7-- 
1 x 2  mm).

Body highly convex; torpedo
shaped.

Body weakly convex; subovate.

Larger (13 x 27 mm). Smaller (12 x 22 mm).

Pleotelson barely acuminate; 
as long as wide.

Pleotelson rounded; wider than 
long.

Pleopods highly folded and 
creased.

Pleopods not folded; smooth.

For nearly 100 years now, the identity of the host fishes of 

Lironeca panamensis has eluded scientists. The reason for this is un

known but perhaps the simplest explanation would be that the adults are 

(1) very short-lived, or (2) have a tendency to abandon their host under 

the least amount of stress (see section entitled "Biology of the Family 

Cymothoidae"). Of the two, the second reason seems most likely. Since 

these isopods are nearly always captured in trawling gear it may be that 

the simple cessation of swimming activity by the host fish is enough 

to stimulate the isopod to detach itself and begin wandering.



Figure 10. Lironeca panamensis Female I. -- Mexico, Baja 
California Norte, 10-15 Mi. N. San Felipe.

a. First antenna

b. Second antenna

c. Right uropod

d. Pleotelson
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1 m m Figure 10. Lironeca panamensis Female I,



Figure 11. Lironeca panamensis Female II. —  Mexico, Baja 
California Norte, 10-15 Mi. N. San Felipe.

a. Right pleopod 1 (inside margin on left)

b. Right pleopod 2

c. Right pleopod 3*

* Pleopods 3-5 are identical.
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Figure 11. Lironeca panamensis Female II.



Figure 12. Lironeca convexa Female I. -- Figures modified from 
Henzies, Bowman and Alverson 1955.

a. Antenna 1

b . Antenna 2

c. Uropod

d. Pleotelson
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Figure 13. Llroneca convexa Female n. -- Mexico, Baja California 
Norte (west coast), Bahia Juanico. a

a. Right pleopod 1

b. Right pleopod 2*

* Pleopods 3-5 are identical to pleopod 1.
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Figure 13. Lironeca convexa Female II,
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Figure 14. Lironeca panamensis Female (Dorsal Aspect).
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Figure 15. Lironeca convexa Female (Dorsal Aspect).
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Genus Meinertia Slabbing 1884

Chresonymy;

Slabbing. 1884. Trans. Devonshire Assoc. Adv. Sci., Lit., Art. 
Plymouth.

Schioedte and Meinert. 1884. Naturhis. Tidsskift. (3)3:335. 

Richardson. 1900. Amer. Naturl. 34;220.

Richardson. 1901. Proc. U. S. Nat. Hus. 23:525.

Richardson. 1905. Proc. U. S. Nat. Hus. 54:236.

Schultz. 1969. Marine Isopod Crustaceans. Brown, Iowa:156.

Generic Diagnosis:

Head more or less deeply set into first peraeonite. Eyes dis

tinct. First pair of antennae dilated, contiguous at the base (basal 

articles of peduncles touching). Basis of second pair of antennae com
pressed.

First peraeonite with the anterior margin widely sinuated or 
almost straight. Anterior epimera do not reach, by a great but gradual

ly decreasing distance, the posterior angle of their respective segments. 

The posterior epimera nearly reach or sometimes extend a little beyond 

the posterior angles of their respective segments. First three pairs 

of peraeopods manifestly shorter than the others.

Pleotelson triangular, rectangular, ovate or bilobed.

Taxonomic Remarks;

Meinertia is one of the most poorly known genera of Cymothoidae. 

There has been no real work on this group since it was first described



by Stabbing. It is a small taxon, with only four species being known 

from the New World, only two of which have been reported from the 

eastern Pacific: Meinertia gaudichaudii and Meinertia gilberti.

Neither have been previously reported from the Gulf of California, al

though both have been found at Mazatlan, Sinaloa, Mexico.

Key to the Species of Meinertia in 
the Gulf of California

1. High carina present on basis of last 4 pair of 

peraeopods (Figure 18); uropods extend beyond

terminal border of pleotelson ..............

Without carina on basis of any peraeopods 

(Figure 16f); uropods do not extend beyond 

terminal border of pleotelson . . .  ........

Meinertia gilberti Richardson 1904
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gaudichaudii

gilberti

Chresonymy: ,

Richardson. 1904. Proc. U. S. Nat. Mus. 27:53.

Richardson. 1905. Bull. U. S. Nat. Mus. 54:241.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa;158. 

Brusca. 1973. Common Intertidal Invertebrates of the Gulf of 

California:205.

Description of Female;

Body. Width 7.5 mm, length 20.0 mm (body index 2.65); general 

color (in alcohol) brown, cephalon and pleon lighter than peraeon.
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Cephalon. Somewhat triangular, front acutely rounded; posterior 

margin straight; wider than long, 1.5 mm x 3.0 mm (ratio of width to 

length = 2.0); eyes large, on lateral borders; antenna 1 composed of 7 

articles; antenna 2 of 8 articles; antennae 1 extend posteriorly to 

middle of eyes; antennae 2 extend nearly to posterior border of cephalon; 

articles of both antennae stout, decreasing in size evenly from base to 
tip (Figures 16a, 16b).

Peraeon. Peraeonites 1, 4, and 5 largest, subequal; peraeonite 

1 lacking epimera; epimera of 2-7 joined tightly to peraeonites; about 

the same length as their respective peraeonites and evenly rounded, 

without acute posterior processes; all epimera visible in dorsal view 

(Figure 17); peraeopods similar, first three pairs shorter than remain

ing four pairs; basis of peraeopods lack carina.

Pleon. First pleonite very narrow; pleonites 2-5 wide, extended 

laterally, becoming slightly wider posteriorly; pleotelson much wider 

than long (3 mm x 7.5 mm) and ovate; uropods small (2-2.5 mm long); 

endopod and exopod subequal or endopod slightly longer, same length as 

peduncle (1-1.5 mm long), symmetrical and bluntly pointed (Figure 16g).

Former Known Range:

Known only from the type locality, Mazatlan (Sinloa), Mexico.

New Records and Host Data;

Mexico, Sonora, Puerto Periasco; D. A. Thomson; 30 July 1969; 

from the mouth of the mullet, Mugil hospes; 1 female; 1 juvenile.
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Mexico, Baja California Norte (W. coast), Estero de Punta Banda;

C. L. Hubbs and party; 16 December 1945; from Mugil cephalus; 7 females 

(1 ovigerous); loan material from the Allan Hancock Foundation, Los 

Angeles.

Remarks :

Specimens of Meinertia gilbert! in the author's collections 

appear identical to Richardson's (1904b) description of this species in 

all but the following: Richardson's description indicates the first 

peraeonite bears an epimere, whereas in my specimens from Puerto Penasco 

the epimeres of this segment are so tightly fused with the peraeonite 

that a visible suture no longer exists; specimens from the Gulf of 

California and Baja California have peraeonite 1 longer than peraeonites 

2-4, whereas Richardson's description indicates peraeonites 1-3 are 

equal in length. The latter difference is no doubt insignificant as 

Richardson's own illustrations (1904a) show peraeonite 1 being longer 

than peraeonite 2. Also, the length of these body segments seems to 

vary with the state of contraction or. flexure of the isopod, and possibly 

also with differential growth rates due to environmental stresses or 

age. In regards to her mention of an epimere on the first peraeonite 

she may well have meant to infer that a fused, and thus cryptic, coxal 

plate was present, and subsequent examination of the 3 syntapes upon 

which Richardson based her descriptions reveals that indeed, a fused but 

recognizable epimere is present in this species. It appears that the 

degree of fusion of this first pair of epimeres is variable in nature.

In addition to these points, Richardson gave the color of this species as



"reddish brown,11 but did not state whether this was a living, dead or 

preserved specimen. Richardson listed the host fish of Meinertia 

gilbert! as Mugil hospes, and this study has shown both species of 

eastern Pacific mullet (Mugil cephalus and Mugil hospes) to be normal 

hosts for this isopod. As far as this author is aware, the only pub

lished record of this species is from the type locality of Mazatlan.

This therefore represents a considerable northward range extension for 

the species (to northern Baja California and the upper Gulf of Cali

fornia) . The fact that only 8 adult specimens have been captured and 

examined by the author may indicate this species is relatively uncommon, 

especially in the Gulf of California.

It is of interest to note that in her original description, 

Richardson states the first pleonite is as wide as the peraeon, yet her 

drawing shows it considerably more narrow than the peraeon, as is the 

actual case in the material I have examined. Although Richardson based 

her description on two males and one female (collected by C. H. Gilbert 

at Mazatlan) she mentions no differences between the sexes, and further 

states all three were found in the mouth of the host.

Ovigerous females are known from December only.

Meinertia gaudichaudii (Milne-Edwards 1840)
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Chresonymy:

Milne-Edwards. 1840. Hist. Nat. Crus., 3:271 (as Cymothoa 

gaudichaudii).
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Heller. 1865. Reise Novara, Crust:146 (as Ceratothoa rapax). 

Schioedte and Meinert. 1883. Naturhis. Tidsskift. (3)13:335 

(as Ceratothoa gaudichaudii).

Stebbing. 1893. Hist, of Crustacea:345.

Richardson. 1899. Proc. U. S. Nat. Mus. 21:829.

Richardson. 1899. Ann. Mag. Nat. Hist. (7)4:171.

Richardson 1901. Proc. Wash. Acad. Sci. 3:568.

Stebbing. 1902. In Willey's Zool. Results:643.

Richardson. 1905b.Bull. U. S. Nat. Mus. 54:237.

Richardson. 1910. Proc. U. S. Nat. Mus. 38:79.

Van Name. 1924. Zoologies 5(18):183.

Menzies.1962b. Lunds Universitets Arsskrift. N. F. Avd. 2,

Bd. 57, Nr 11:116.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa:157.

Brusca. 1973. Common Intertidal Invertebrates of the Gulf of 

California:205.

Description of Female;

Body. Elongate, nearly three times as long as broad; width 

4-22.5 mm, length 11-54 mm; (body index 2.4-2.8); general color (in 

alcohol) uniformly tan.

Cephalon, Wider than long 4 mm x 7 mm in small specimens, 5.8 mm 
x 7.4 mm in large specimens; somewhat triangular in shape, apex quite 

truncated; eyes small, distinct, irregular in outline, but inclined to be 

square or subrectangular; antenna 1 composed of 7 articles; antenna 2
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composed of 8-9 articles; antennae 1 extended to posterior border of 

eyes, antennae 2 extended to posterior margin of cephalon; articles of 

both pairs of antennae greatly dilated and flattened; terminal (third) 

article of mandibular palp very slender and minute; second maxillae 

terminating in two lobes furnished with small hooks.

Peraeon, First peraeonite longest; third and fourth peraeonites 

next longest, subequal; seventh peraeonite shortest; anterolateral 

angles of peraeonite 1 narrow and acute, produced forward to about the 

middle of the cephalon; posterolateral angles of peraeonites 1-5 round, 

those of 6-7 subacute; epimeres distinctly separated on peraeonites 2-7; 

epimeres narrow, falling just short of posterior margins of their re

spective segments, visible in dorsal aspect; peraeopods 4-7 with a high 

carina on the basis, the height increasing from anterior to posterior 

legs and being extremely high on the seventh peraeopod (Figure 18).

Pleon. Deeply set into peraeon; pleonite 1 with the sides 

covered by the last peraeonite; pleonites 2-5 as wide as the seventh 

peraeonite, or wider; pleotelson subrectangular, nearly twice as wide 

as long (95 mm x 17.3 mm in a large specimen); uropods extended slightly 

beyond posterior border of pleotelson; endopod slightly longer than 

exopod, both being narrow and produced to acute, tapering points.

Former Known Range;

Mazatlan (Sinaloa), Mexico to Chile (including Galapagos Islands 

and one dubious record from New Guinea).



Figure 16. Meinertia gilberti Female. -- Mexico, Sonora, 
Puerto Penasco; from the mouth of Mugil hospes

a. Antenna 1

b. Antenna 2

c. Second maxilla*

d. First maxilla*

e. Maxilliped*

f. Seventh peraeopod*

g. Uropod*

* Modified from Richardson(1905a).



a
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Figure 17 Meinertia gilbert! Female (Dorsal Aspect).



Figure 18. Meinertia gaudichaudii Female. —  Chile, Valparaiso 
from Trachurus sp.

a. Antenna 1

b. Antenna 2

c. Seventh peraeopod

d. Uropod



2 m m

Figure 18. Meinertia gaudichaudii Female
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New Records and Host Data ;

Mexico, Baja California Sur (W. coast), Bahia San Juanico;

J. W. Knudsen; 8 February 1955; from gills of pompano (night light);

1 male; loan material from Allan Hancock Foundation, Los Angeles.

Chile, Valparaiso (markets of town); 10 February 1966; collected 

by the R/V Anton Bruun Cruise 14; on Trachurus sp.; 6 males, 9 females; 

loan material from U. S. National Museum, Washington, D.C.

Remarks :

Although there are no published records of Meinertia gaudichaudii 

from actually within the Gulf of California it is highly probable it 

does occur there, at least in the southern Gulf.

Genus Cymothoa Fabricius 1793

Chresonymy;

Fabricius. 1793. Entom. System. 11:503.

Schioedte and Meinert. 1884. Naturhis. Tidsskift. (3)14:223. 

Richardson. 1909. Amer. Naturl. 34:220.

Richardson. 1901. Proc. U. S. Nat. Mus. 23:525.

Richardson. 1905. Bull. U. S. Nat. Mus. 54:247.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa:160. 

Menzies and Frankenberg. 1966. Handbook on the Common Marine 

Isopod Crustaceans of Georgia:29.
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Generic Diagnosis :

Body ovate and symmetrical.

Cephalon more or less deeply immersed into peraeon. First pair 

of antennae widely separated at base, basal articles rather compressed.

First peraeonite manifestly longer than all others, its anterior 

margin more or less sinuated, with the anterior angles short or produced. 

Epimera distinct on all segments except the first. Epimera of 

peraeonites 2-5 fail to reach the posterolateral angle of their respec

tive segments; epimera 5-7 reach the posterior angle of their segment 

or extend beyond it. Peraeopods 1-3 shorter than 4-7.

Pleon deeply immersed into peraeon; much shorter and distinct 

from peraeon. Pleonites increase in width and length from anterior to 

posterior. Pleotelson quadrate.

Taxonomic Remarks;

The genus Cymothoa, like Meinertia, is one of the most poorly 

known genera of all the isopods. There have been no species described 

in this century, all of the known species having been reported between 

1793 and 1884. The boundaries of this genus are, as one may well suspect, 

unknown. It is separated from all other genera in the family principally 

by the position at which the antennae arise, and the shape of the abdomen. 

These characters are, however, shared by other genera of Cymothoidae.

At this time the species of the genus are separated from one 

another almost entirely by the shape of the posterolateral corners of 

the peraeonites, and a few other ambiguous characters. The genus is 

unquestionably in need of revisionary treatment.
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Cymothoa. despite the fact that it is the nominate genus of the 

family, is a small taxon represented by only five species in the New 

World. Three of these species have been reported from the eastern 

Pacific (see Table 1), but the existence of one of these (C. oestrum) 

in the Pacific is questionable.

There appears to be little host specificity among the species 

of this genus in the eastern Pacific. Only one species has been found 

in the Gulf of California.

Cymothoa exigua Schioedte and 
Meinert 1884

Chresonymy;

Schioedte and Meinert. 1884. Naturhis. Tidsskift. (3)14:237.

Richardson. 1905. Bull. U. S. Nat. Mus. 54;250.

Van Name. 1924. Zoologies 5(18):184.

Schultz. 1964. Marine Isopod Crustaceans. Brown, Iowa:161. 

Description of Female;

Body. Width 8-12 mm, length 19-24 mm (body index 1.9-2.4, mean 

2.1); general color (in alcohol) pale tan with irregular patches of dark 

chromatophores; dorsal surface moderately to strongly convex.

Cephalon. Subtriangular, front varies from evenly rounded to 

slightly truncate; wider than long (about 3.5 mm x 4.0 mm); eyes 

moderately large, subrectangular (more rounded in younger individuals); 

antenna 1 of 8 articles (Figure 19a); antenna 2 of 9 articles
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(Figure 19b); antenna 2 slightly longer than 1, both extend to anterior 

angle of peraeonite 1.

Peraeon. Peraeonite 1 slightly longer than peraeonite 2; 

peraeonites 2-4 subequal in length and longer than peraeonites 5-7; 

peraeonites 1-4 increase in width posteriorly; peraeonites 4-6 subequal 

in width; peraeonite 7 slightly more narrow than 6; posterior border of 

peraeonite 7 strongly concave, immersing pleon, segment 7 extending well 

beyond pleonite 4; posterior border of peraeonite 6 varies from strongly 

concave to barely curved; posterolateral corners of all peraeonites 

rounded, not produced; epimere 1 fused with its peraeonite but suture 

line visible; epimera 2-7 rounded, incurved and not at all produced; 

epimera 2-5 not extending to posterior angle of their respective seg

ments; epimera 6-7 extend to or a little beyond posterior angle of their 

segments (Figure 20); peraeopods increase gradually in length from 

anterior to posterior, the first three being directed forward and mani

festly shorter than the last four, which are directed backward; outside 

margin of basis of peraeopods with a longitudinal sulcus, the anterior 

margin of which is raised into a distinct carina; height of carina in

creasing posteriorly until on peraeopod 7 it assumes the shape of a broad, 

rounded fan, whose width is nearly twice the length of the basis itself 

(Figure 19c).

Pleon, Strongly immersed in peraeon; lateral margins of pleonite 

1, and often 2, obscured by peraeonite 7; pleonites subequal in width 

and length; pleon with two longitudinal, submedian sulci; pleotelson
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quadrate, lateral margins somewhat rounded, and posterior border somewhat 

sinuated; pleotelson over twice as wide as long (4 mm x 9 mm in female 

from El Golfo de Santa Clara, Sonora); uropoda extended about two-thirds 

of the way to the posterior margin of pleotelson; distal margin of basis 

of uropod crenulate, inner angle more acute than outer (Figure 19d); 

exopod and endopod leaf-shaped, subequal; pleopoda similar, lamellae 
highly punctate.

Description of Male:

Similar to female except for the following: smaller, width 4-6 mm, 

length 10.5-14 mm; body index 2.1-2.6 (mean 2.23); all epimera extend 

to the posterolateral angle of their segment; pleonal sulci indistinct; 

uropoda extend to or nearly to the tip of the pleotelson; crenulations 

of uropodal basis acute and pointed, not smooth and wavey as in female.

Former Known Range :

Panama and the Galapagos Islands.

New Records and Host Data;

Mexico, Baja California Sur, Bahfa Concepcion; otter trawl 

(Scripps Alpha Helix Baja Cruise No. 18III17-3); R. C. Brusca; 18 March 

1974; water temperature 64°C; host unknown; 3 females.

Mexico, Sonora, Puerto Penasco (8-10 mi. offshore); collector 

unknown; 2-3 July 1966; "with Pomadasys panamensis"; 1 female; 1 juvenile.

Mexico, Sonora, El Golfo de Santa Clara; M. Niemi and C. Lehner;

16 March 1968; Univ. Ariz. Fish Coll. No. 68-118; from Orthopristis
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redding!; 2 females; 1 male; 1 male and 1 female in mouth of same fish, 

male on female (ventrum to dorsum).

Mexico, Sonora, El Golfo de Santa Clara; K. Muench, H. Ness and 

S. Amesbury; 29 February 1968; Univ. Ariz. Fish Coll. No. 68-5; host 

unknown; 2 females.

Mexico, Baja California Norte, 10-15 mi. N. San Felipe; otter 

trawl; D. Lindquist (DGL 720531-2); 31 May 1972; host unknown; 2 females; 

1 male.

Mexico, Sonora, Puerto Peiiasco; otter trawl (shrimp boat),

60-80 fathoms; R. C. Brusca; 8 July 1972; in mouths of Orthopristis 

redding! (approximately 80 percent of the grunts taken were infested);

38 females (many ovigerous); 16 males.

Mexico, Sonora, Puerto Penasco; otter trawl; L. T. Findley;

29 April 1972; from Orthopristis redding!; 1 female (ovigerous); 1 male.

Mexico, El Golfo de Santa Clara; otter trawl (shrimp boat), 7 
fathoms; L. T. Findley, D. G. Lindquist and N. P. Yensen; 4 November 

1972; Univ. Ariz. Fish Coll. No. 72-42; from Orthopristis reddingi;

5 females (ovigerous); 2 males; the gills of 1 grunt (with a female in 

the throat) were literally covered with newly released juveniles (manca 

stage), obviously released from the partially spent female in the 

mouth. No male was present on this fish. All the females were found 

in the throat of the hosts, one male was attached to the first gill 

arch of a host with a female in the throat.

Mexico, Sonora, Bahia Algodones (approx. 20 mi. N. Guaymas);

D. A. Thomson; 4 August 1965; host unknown; 1 male.
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Mexico, Sonora, Huatobampito (2 mi. N. Yavaros); sandy beach;

R. H. Russell; 25 November 1967; host unknown; 1 female.

Mexico, Sonora, 3 mi. S. Puerto Penasco; otter trawl; 8 fathoms 

(sandy mud bottom; R. H. Russell; 20 February 1970; on stingray (possibly 

an artifact); 2 males.

Mexico, Sonora, Puerto Penasco; C. Lehner, et al.; 20 February 

1971; host unknown; 1 female; 4 males.

Mexico, Sonora, Estero Morua (1.5 mi. S. Puerto Penasco); in 

sand; M. Nieme; 9 August 1968; host unknown; 2 immature young (probably 

C. exigua).

Mexico, Sonora, El Golfo de Santa Clara; otter trawl; D. A. 

Thomson; 24 April 1970; host unknown; 1 female; 1 male.

Mexico, Gulf of California, Consag Rock; otter trawl; D. G. 

Lindquist (DGL 720602-2); 2 May 1972; host unknown; 2 males.

Mexico, Sonora, 6-7 mi. N. El Golfo de Santa Clara (Estero de 

Santa Clara); otter trawl; D. G. Lindquist (DGL 720529-1); 29 May 1972; 
host unknown; 9 females (some ovigerous); 1 male.

Mexico, Sonora, 1.5 mi. WSW Puerto Periasco; otter trawl (shrimp 

boat); J. R. Hendrickson; 29 April 1972; from grunt Orthopristis 

reddingi; 2 females; 2 males; in one fish female on top of male, ventrum 

to ventrum, in mouth; in other fish male deep in throat and female 

ovigerous on lower lip (probably escaping dead host).

Mexico, Sonora, Puerto Penasco; otter trawl; L. T. Findley; 29 

April 1972; attached to skin of flatfish, Etropus sp. (probably acci

dental association); 1 female.



Mexico, Sonora, Puerto Penasco; otter trawl on mud bottom, 50 

feet; R. C. Brusca; 7 October 1972; Univ. Ariz. Fish Coll. No. 72-40; 

from grunt, Orthopristis redding!; 2 females (one in mouth, 1 loose in 

trawl); 1 male (loose in trawl).

Remarks:

Richardson's (1905b) description of this species is a direct 

translation of the original latin description of Schioedte and Meinert 

(1884). Her illustrations (of the whole animal only) are likewise copied 

from the original. So far as this author can discern the original de

scription was based on only one (or possibly two) individuals, found in 

the mouth of the flatfish Citharichthys sordidus from Panama. No sub

sequent descriptions have been made on this species of isopod, nor were 

any new records available until Van Name's (1924) report from the 

Galapagos Islands from the mouth of the same host. Richardson included 

this species in her monograph, not because it had been reported from 

North America, nor because she had seen specimens of it, but simply be

cause the host fish was known to occur as far north as the coast of 

California.

There are certain discrepancies between her translated descrip

tion and her copied illustrations, the most significant being her state

ment that the uropoda are equal in length to the terminal segment of the 

abdomen (referring to the pleotelson). In the figure she presents, how

ever, they are shown as being considerably shorter than the pleotelson, 

as in fact they truly are in the females of this species I have examined. 

Perhaps the description was based on both a female and a male, the pleon
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of the male being described against the peraeon of the female. The 

figure is surely that of a female however. Richardson also describes 

the endopod of the uropoda as being much shorter than the exopod, where

as her figure shows them of equal length. Specimens from the Gulf of 

California have the exopod and endopod being nearly equal in length, 

or the exopod being just slightly longer than the endopod.

It would appear this species is somewhat of a mystery. Why has 

it been reported only twice in the literature? It obviously is not 

scarce, as there are over 100 specimens in this author's collections, 

alone. It is of interest to note that the only records (two of them) 

from outside the Gulf of California are from the flatfish Citharichthys 

sordidus (given as C. sordida by Schioedte and Meinert, Richardson, 

and Van Name). This fish is one of the most common flatfishes in the 

Gulf of California. However, all of the, records from the Gulf, except 
one, are from the grunt Orthopristis redding!. Further, although the 

flatfish host occurs all the way to California there have been no pub

lished records of this isopod north of Panama. It would appear from the 

data that the warmer water host of this isopod is C. sordidus, while 

in the northern Gulf of California, a more temperate region, the pre

ferred host is 0. redding!.

The fact that in one instance over 80 percent of the catch of 

Orthopristis redding! was infested, and that this fish appears to serve 

as the only host to this cymothoid in the Gulf of California, indicates 

that there probably exists a large and stable population of this cym- 

biot in this region. Further, it is probable that this species of grunt



Figure 19. Cymothoa exigua Female. —  Mexico, Sonora, El 
Golfo de Santa Clara.

a. Antenna 1

b. Antenna 2

c. Peraeopod 7

d. Left uropod



110

1/2 m m

Figure 19. Cymothoa exigua Female.
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Figure 20. Cymothoa exigua Female (Dorsal Aspect).
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is the most common species of the family in the Gulf of California.

This, and the fact that no tissue damage has yet been noticed on any 

of the fish examined, tends to indicate that these isopods are not 

harming the population significantly, and in fact may not fall into the 
realm of the definition of a parasite at all. This possibility opens up 

the question of just how do the isopods survive if not by feeding upon 

their hosts.

The single record, from Puerto Penasco, reporting the collection 

of this isopod "with Pomadasys panamensis" is quite likely an artificial 

association.

Ovigerous females have been found in the months of April, May, 

July, August and November. Data indicate that ovigerous females are 

unlikely to be encountered in winter months (December through February).

Life History

With the background now available from the literature and the 

data amassed during this investigation, it is possible to propose a 

model for the life cycle of a cymothoid isopod (Figure 21).

The post hatch(manca stage; stage III) leave the marsupium of 

the female, lacking the fully developed seventh peraeonite developing 

it during their free-swimming existence. They are adapted to their 

brief, free-living life by possession of large, functional eyes and 

numerous fringes of setae along the body margins and appendages (to aid 

in flotation and swimming). These juveniles probably do not feed, but 

rely on a small supply of yolk material and their strategy in locating 

a suitable host as quickly as possible. The location of a suitable host
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swimming manca (posthatch)
(not necessarily planktonic)

lacks fully developed 7th peraeopods 
possess large functional eyes 
possess marginal setae on pleotelson, 
uropods, pleopods and peraeopods

settle on host fish

Nerocila-group Cymothoa-group 

(Cymothoa, Lironeca,

Attachment to host 
skin as male; presence 
of new male induces 
transformation into 
female.

Meinertia)I
Enter gill chamber; if female 
absent, male crawls into mouth 
and transforms in female; if 
female already present male 
attaches to gills.

v
Copulation (on skin 
of host fish).

' f
Copulation (in buccal cavity of 
host fish).

Maturation of eggs in 
marsupium of female.

Release of juveniles Release of juveniles via gill
directly into water. chambers.

Figure 21. Proposed Life Cycles for Gymothoidae of the Gulf of 
California.
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is enhanced by the fact that their host fishes are apparently always 

either schoolers or bottom fishes, or both. As the juveniles become 

preadults they begin developing functional testes and the related 

secondary sex structures (penes and appendix masculinum). If it is 

assumed that all cymothoids are protandrous hermaphrodites (as would seem 

reasonable) it is at this point that the problem of insemination occurs. 

Do the isopods copulate in the free-swimming, preadult stage (as sugges

ted by Kroger and Guthrie 1972) or do they wait until they have located 

the host fish to become fully functional, sexual adults (as suggested by 

Menzies, Bowman and A1verson 1955). Considering the generally smaller 

size of the male, it is not inconceivable that the male should crawl 

from the gills, via the pharynx, into the throat to copulate there with 

the female, in those genera that inhabit these regions of the fish 
(Lironeca, Cymothoa. and Meinertia in the Gulf of California). I have 

often found a large female with a smaller male co-habiting the throat 

of a host fish. In these cases, the female is attached in her usual 

position but the male is unattached, either on top of the female (ventrum 

to dorsum) or free in the fish's buccal cavity. The process of abandon

ment of the isopod from the host fish (discussed previously) is no doubt 

what has led some authors to state that the female often lives attached 

to the tip of the tongue, blocking the entrance into the mouth of the 

host. In reality, I strongly suspect that the females of all cymothoid 

genera living in the mouth attach far back, at the base of the tongue, 

therefore doing very little to block the flow of food into the gut of 

the fish, and thus fulfilling their role as a commensal rather than a
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parasite. I am aware of no reports in the literature of the finding of 

a male on top of a female, attesting to the infrequency of this pairing, 

and perhaps the rapidity with which the copulatory act is consummated. 

There have been no reports of ever witnessing copulation in this family 

(or in any isopod group for that matter). The swarming of the juveniles 

upon release from the marsupium would certainly not facilitate mating 

at that time due to underdeveloped gonads and the absence of related 

sexual structures. If copulation were to take place during the free- 

living juvenile stage, it would have to be after the animals had matured 

somewhat and probably become quite dispersed. It would therefore seem 

logical to conclude that mating does indeed occur after host attachment, 

probably in the buccal cavity in the genera Lironeca, Cymothoa and 

Meinertia and on the surface of the fish in the genus Nerocila. It 

should be mentioned at this point that the appendix masculinum of the 

cymothoids I have examined appears extremely simple and unadorned, lead

ing me to suspect it plays no direct role in spermatophore transfer 

from male to female.

Members of the genus Nerocila do, however, present a slightly 

different picture than the other genera. Usually only one parasite is 

found on a fish at a time, either a male or a female. It would seem 

unlikely that these animals could move about a great deal on the surface 

of a swimming fish, copulate, and then each go its own way to locate a 

new host. It is possible, though still remains speculative, that in this 

genus (which seems so unlike the other genera in so many other ways) 

copulation does take place prior to complete maturation. That is, in
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in the free-swimming stage. If this were shown to be the case, one 

would wonder as to the purpose of the male after copulation and insemina

tion of the female. It might not be surprising in fact to find males 

to be rare in the records, perhaps due to their imminent death after 

servicing the female. A review of the literature indicates that females 

are the only sex so far designated in species descriptions in this genus, 

at first hinting that this may indeed be the situation. However, my own 

records show numerous instances of males being found attached to the host 

fish (41 females recorded actually attached to the proper host versus 

27 males recorded attached to the proper host fish). If fertilization 

prior to attachment were indeed shown to be the case in this genus, 

females would probably have a storage capacity for the sperm as has been 

seen in several other isopod families. The ova would be matured and 

fertilized without the need for a male and incubation would ensue in the 

marsupium as usual. At this time the question of when insemination 

occurs in the genus Nerocila must remain unanswered. The phenomenon of 

parthenogenesis cannot be ruled out either, although it appears unlikely.

Trilles (1969) has commented briefly on the probable existence 

of neurohormonal control over the sex change, and Romestand (1971) has 

undertaken electrophoretic studies of cymothoid hemolymph proteins in 

relation to the phases of sexual development.

Incubated eggs hatch into larvae molt a number of 

times and develop into the manca stage, to be released via the mouth, 

gill cavity (as in Cymothoa exigua and Lironeca convexa) or directly 

into the outside water (as in the genus Nerocila). The juveniles begin
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maturation and the cycle begins again (see developmental model shown in 

the earlier portion of this dissertation). This sort of a life history 

seems to lend itself strongly to a short life expectancy and it may be 

that, as in most small crustaceans, cymothoid species live but a year or 

two. A model of probable cymothoid life cycles is presented in Figure 21.

Host-parasite Relationships

This, as well as the other problems posed in this section, repre

sents a topic that has been discussed, infrequently, for many years.

It is a difficult subject to speculate upon, since there is little sig

nificant data on host fish damage (see Table 1), and virtually no quanti

tative data at all for the eastern Pacific region. Controlled experi

ments are yet to be undertaken. Observations on the mouth parts of the 

various genera .of cymothoids indicate that they possess functional 

mandibles (Figure 22), and from this it would appear they "chew something" 

when they feed. It must be remembered that the Isopoda in general 

represent an advanced group of peracarid Crustacea, which have as adults 

lost the free-swimming, filter-feeding strategies that are typical of the 

more primitive peracarideans, such as the mysids. With the initial 

adoption of a bottom-living habitat they acquired a raptorial method of 

feeding in which they macerated large pieces of food with strong, chew

ing mandibles. This type of feeding mechanism is seen in all three 

phyletic lines of the Flabellifera (i.e., limnorids, sphaeromids and 

cirolanids), As the adult cymothoids are obligate, continuous ecto- 

symbionts on fishes it leaves the field of possible foodstuffs quite 

narrow and one is tempted to say they unquestionably do feed on the



Figure 22. Mandibles of Cymothoidae. -- Taken from Richardson 
(1905b).

a. Agarna carinata

b. Cymothoa excisa

c. Nerocila californica

d. Anilocra laticauda



0.1 mm

Figure 22, Mandibles of Cymothoidae,
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host tissues. Actual damage to fishes has been reported in the litera

ture (and witnessed by myself) by members of the genera Nerocila. Reno- 

cila. Echthyoxeonon (an eastern Asian genus), Artystone (fresh water;

South America), Lironeca (males, on gills only), and Olincera (males, 

on gills only). In none of these groups, however, has it been shown 

that the isopod is actually feeding on the host tissue. In the case of 

Lironeca and Olincera, when the damage appears to be restricted to the 

gills only it is possible to attribute this to simple mechanical erosion. 

This has been suggested, and is an especially tempting hypothesis because 
the size of the eroded cavity in the gill filaments is usually identical 

to the size of the isopod inhabiting the gill cavity. However, in the 

other cases, where the skin itself is eroded (often down to the myomeres) 

where the parasite is attached, it would seem a reasonable assumption 

that the isopod is indeed feeding on the flesh of its host. From the 

data collected during this investigation, it appears certain that the 
following species are truly parasitic (i.e., do physical damage to, 

and feed on the host fish): Nerocila californica, Nerocila sp. 1, and 

Lironeca convexa (male).

In cases where the muscle and skin has been eroded(by members 

of the genus Nerocila) the damage is generally restricted to a region* 

around the head of the isopod, or covers a large area around and on the 

host's fin itself. In some cases, nearly the entire fin has disappeared. 

There would appear to be two possible conditions causing such damage.

The first, and the one I strongly favor, would be that the parasite was 

feeding on the tissues, thereby being directly responsible for essentially
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all of the damage seen. The second possibility would be that the para

site was either not feeding at all, or simply feeding on skin mucous of 

the host, and the muscle damage seen was caused secondarily by infec

tious microorganisms. Bearing the former theory in mind, one may hy

pothesize that the gill damage would, in turn, also most likely be due 
to actual feeding by the isopod.

It is of interest to note that only one gill chamber is 

normally parasitized. Obviously, if both suffered damage the lack of 

respiratory surfaces or the loss of gill raker efficiency would surely 

result in death of the host fish.

Trilles (1964) stated that of eight species of Mediterranean 

cymothoids, two could be considered as having wide host fish specificity 

while the other six had narrow host fish specificity. He also discussed 

the basic parameters that lead to differing degrees of specificity in 

parasites.

A quizzical phenomenon is that the females of those genera in

habiting the throat appear to do no damage whatsoever. The theory that 

they steal food from their host as it passes through the throat appears 

untenable to me, especially in those fishes that swallow their prey 

whole. Although the "biting" of prey produces a good deal of debris—  

all the way from scales and skin to blood and mucous to feces and vomitus 

from the captured food fish--it seems unlikely an attached isopod, with 

"chewing/biting" mouth parts would be able to take advantage of this 

material. An alternative idea is that the females simply do not feed. 

Having gorged themselves on a large meal of gill filaments as males.



121

they could move into the throat to transform into females, copulate, 

brood the young, and die. This would place the females in the realm of 

commensalism for those genera which live in the throat of the host 

(Cymothoa, Lironeca, and Meinertia), assuming they do not hinder or harm 

the fish in any other way, which I believe they do not.

The young of all isopods, whether free-living or parasitic, are 

brooded in the marsupium of the female until they reach a preadult stage. 

Release from the marsupium is usually a mass emergence as free-swimming 

individuals and it is this same procedure that probably occurs in the 

cymothoids, although it has been reported in the literature only once 

to my knowledge (Kroger and Guthrie 1972). I have seen full brood 

pouches in females of all eastern Pacific genera and noted that extreme

ly gravid females with swollen marsupia require only a slight pressure 

on the oostegites for the young to be ejected with considerable force,

I have also examined immature stages of all genera occurring in the 

eastern Pacific. In addition to this, I have found host fishes infested 

with female Cymothoa exigua (in the throat) and with hundreds of young 

scattered all over the gills. These specimens were very likely cap

tured in the act of releasing the young via the throat-opercular open

ings. Menzies, Bowman and Alverson (1955) reported similar findings 

for Lironeca convexa.

The young, now being free-swimming, are faced with the problem 

of locating a new host. It is at this point that a low host specificity 

plays a vital role, as does the behavior of the host fishes. It is a 

fact that ectoparasites in general show a lower host specificity than do
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internal parasites. This is no doubt a result of the less intimate 

relationship between the ectoparasite and its host during their co

evolution. Low host specificity is certainly an advantage for an animal 

that is forced to locate a host on its own, as opposed to an internal 

parasite that often relies on a definitive or intermediate host take

over the burden of transfer from one animal to the next. A review of 

the literature, and my own findings, indicate that eastern Pacific species 

of the genus Lironeca utilize a minimum of 2.3 different possible host 

fishes; those of Meinertia use 3.5; Cymothoa 2,5; Nerocila 3.0. These 

figures, I feel, are low, as it can probably be assumed that all of the 

hosts of these isopods have not been discovered. I suspect a figure 

one-and-a-half, or possibly twice, the above would be more realistic, 

and possibly even greater than this for Nerocila.

Since some host specificity does occur the isopods must obviously 

be able to detect the nature of the host it approaches, most likely by 

chemosensory means. Although the quality of eyesight in juvenile cymo- 

thoids has never been tested, one may assume, on the basis of other 

crustaceans, that it may well serve a preliminary role in host location. 

The most logical assumption is that the isopod has a genetic mechanism 

enabling it to recognize the chemical nature of its host fish skin 

mucous. The recognition ability would be easy to test, experimentally 

if the preadults of a known species available, along with their host 

fishes and other fishes.

An especially interesting fact has begun to come to light from 

the literature on the behavior and ecology of the various host fishes.
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It appears that the hosts of all eastern Pacific cymothoids fall into 

one of two categories. These caregories are (1) schooling pelagic 

fishes and (2) bottom dwelling fishes (either schoolers or not). Both 

of these types of fishes would, of course, serve to facilitate an easy 

spread of the isopods from one host to the next. See Table 1 for specific 

enumeration of these fishes and comments on them. To carry this still 

further, it appears from available data, that a particular species of 

isopod usually inhabits either pelagic schooling fishes or bottom fishes, 

rarely having hosts that fall into both of these categories. Many 

bottom fishes (at least bottom feeding fishes) also school, such as 

grunts and mullet.

The highest infestation rate I have recorded has been Nerocila 

californica, infesting approximately 98 percent of the anchovy 

(Cetengraulis mysticetis) found in an otter trawl (over the Rio Colorado 

delta, 10 July 1973). The next highest infestation rate was about 80 

percent, for Cymothoa exigua on the grunt Orthopristis redding! (Puerto 
Penasco, 8 July 1972; see Figure 23).

Surely many of the reports of host fishes are erroneous for one 

reason or another, the most common reason being due to the wandering of 

the isopod itself when it is trapped in the bottom of a seine or trawl 

with a dead or dying host fish.

It is especially interesting to note that the different hosts 

of each species of isopod are, in a few cases, unrelated phylogeneti- 

cally. A review of Table 1 will show that there are four species of 

cymothoids from the eastern Pacific that have reported hosts of differing



Figure 23. Nerocila californica on the Anchovy Centengraulis mysticetis.
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families. These are: Lironeca californica on a shiner and a surf perch 

(Family Embiotocidae) and a smelt (Family Osmeridae); Lironeca vulgaris 

on a rock cod (Family Cottidae), flounder (Family Pleuronectidae), a 

surf perch (Family Embiotocidae), and a lingcod (Family Hexagrammidae); 

Nerocila californica on a mullet (Family Mugilidae), a catfish (Family 

Ariidae), a horn shark and a leopard shark (Family Heterodontidae), a 

kelp bass (Family Serranidae), a scorpion fish (Family Scorpaenidae), an 

eagle ray (Family Myliobatidae), a puffer (Family Tetraodontidae), and 

an anchovy (Family Engraulididae); and Cymothoa exigua on a sandab 

(Family Bothidae), a grunt (Family Pomadasyidae), and a flounder (Family 

Pleuronectidae). If one assumes that precise chemical recognition is a 

vital factor in host recognition, it would seem unreasonable to expect 

the hosts of a single species of isopod to be represented by several 

families of fishes. If one were to again scan the contents of Table 1, 

this time omitting those host records that appear dubious or certainly 

in error (see footnotes to Table 1), the number of different host fishes 

for these isopods drop somewhat. For Lironeca californica not much can 

be said. For Lironeca vulgaris we can eliminate with certainty only the 

Genus Steindachneri, leaving us with still four different families. For 

Nerocila californica we can eliminate the catfish, the two species of 

shark, the eagle ray, and the puffer, still leaving us with four families. 

And, for Cymothoa exigua we can eliminate nothing with certainty. So, 

we still find four species of isopods having hosts in, respectively, two, 

four, four, and three families. The only explanation for this, besides 

that it may actually exist, is that the records of the hosts are in
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error. This is quite possible as in the case of Lironeca californica 

the hosts are reported simply as a shiner and a smelt. If the writers 

had identified the host fishes to species, or even genus, or even pub

lished the scientific name of the family, the data would appear more 

credible. In the case of Lironeca vulgaris again we have only the 

identification of "rock cod" and "flounder." Granted these two cate

gories of fishes cannot be mistaken, we may still be faced with the prob

lem of records of fugitive isopods, crawling loose in a trawl over random 

fishes.

The fact is that in the majority of cases, the various host 

fishes of a cymothoid all fall into a single family. For example: 

Lironeca convexa has been reported on two different species of jack 

(Family Carangidae); Meinertia gaudichaudii has been reported on five 

different fishes, again all members of the jack family; Meinertia 

gilbert! has been reported on two species of mullet (Family Mugilidae).

There appears to be, at this time, no good explanation for those 

cymothoids having hosts representing several families of fishes. It is 
hoped that future workers will use the criteria used in this research for 

designating a host fish. That is the presence of actual tissue damage 

on the fish, and repetitive occurrences on the same species of fish.

I can think of no other means of assuring that a fish does indeed repre

sent the true host.

Evolution

What was the evolutionary pathway leading to parasitism in the 

family Cymothoidae? The flabelliferan group most closely resembling the
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cymothoids is the family Aegidae. The basic aegid body plan is essen

tially identical to that of a cymothoid, the only major difference being 

that the latter has all of the legs modified for clinging to the host, 

while in the aegids only the first three pairs are so modified. The 

posterior four pairs of legs in aegids are ambulatory or natatory in 

design and function. This is quite logical as the aegids are not oblig

atory (or continuous) parasites on their hosts, as are the cymothoids. 

Rather, they are facultative (or temporary) parasites, perhaps better 

considered as predators, still retaining the free-swimming habit seen 

in the juveniles of the Family Cymothoidae, This is especially interest

ing if one subscribes to the belief that juveniles or larval forms best 

indicate ancestral traits. This striking resemblance was no doubt what 

prompted Dana to name the genus Aegathoa as he did. Aegids attach to 

the host then, only when taking a meal, thence to dislodge and swim or 

crawl about until hunger strikes again. This mode of feeding would no 

doubt be classed as true predation by many, and it may well represent a 

middle point in space and time between a predator-prey existence and 

true parasitism.

The aegids and the cymothoids likewise share many primitive 

features with the generalized cirolanid isopod (Family Cirolanidae), 

all three families belonging to the Suborder Flabellifera. Naylor 

(1972) stated that Eurydice, a genus of the family Cirolanidae and a 

highly predaceous carnivore, has the mouth parts strongly adapted for 

tearing and bolting animal tissue. Further, Eurydice possess all the 

essential preadaptations for a parasitic mode of life, and has been in
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error sometimes so described. This genus is assumed by most workers to 

be very near the Family Aegidae. Along with these trends in morphology, 

Menzies, Bowman and Alverson (1955) have made estimates of the degree of 

parasitism in these three families (as percentage of species being 

recognized as "parasitic"): Cirolanidae, 10 percent; Aegidae, 70 percent; 

and Cymothoidae, 100 percent. These figures, tentative as they are (as 

the ecology of most species is poorly known at best), further illustrate 

a clear evolutionary trend from the essentially free-living cirolanids 

(with ambulatory or natatory legs, good eyes, and ample appendage seta- 

tion), through the temporary parasitic aegids (with some legs modified 

for host attachment, and still possessing fairly good eyes and some 

marginal appendage setae), finally to the continuously parasitic cymo- 

thoids, whose adults have reduced eyes and have lost all or most of their 

setation.

There are a number of possible pathways to parasitism but one of 

the' most common is via a predator-prey relationship. Numerous examples 

of this have been given by various workers and many of these have been 

reviewed by Gotto (1969). A second common pathway to parasitism is via 

a commensalistic relationship (inequalism, endoecism, epizoism or phore

sis). It takes little imagination to picture a species of, say anemone 

fish, in the evolutionary future that has evolved into a parasitic re

lationship with its cnidarian host. This phenomenon is seen even now in 

the pearl-fishes (Carapus), in which some members merely utilize the 

respiratory tree of a holothurian for shelter, while others have found 

it irresistible to nibble now and then at their hosts innards. This is



also very likely the route taken by parasitic copepods and barnacles, 

and quite possibly also the cyamid amphipods.

Of these two possible pathways, it seems most reasonable to 

assume that an occasional meal on a passing fish began the road to para

sitism for the cymothoid isopods. The advantages of this are obvious, 

especially for a free-living, bottom dwelling isopod. If we look for 

this mode of feeding in our proposed ancestral lineage (the cirolanid 

family of isopods) we see it is a common practice among several species. 

For example, Excirolana sp., which lives interstitially throughout the 

Gulf of California, swims up to take a meal from a passing fish when 

the tide is high. Since most bottom fishes over sandy substrates live 

in close contact with the sand, and many also school, the door is left 

wide open for exploitation of the situation. From the excirolanid habit 

possibly evolved the aegid habit, that of riding along with the fish to 

take a more leisurely meal. Co-evolving with this convenient method of 

feeding may have been the development of the "prehensile" legs for 

clinging to the moving fish long enough to take a leisurely meal, and 

subsequent loss or reduction of swimming setae.

If this does indeed present the true picture of cymothoid evolu

tion, it would follow that the genus Nerocila represents a stage similar 

to the first type of permanent parasitism in the family, since species 

of this genus are essentially dermal, while other genera (in the eastern 

Pacific) have evolved a more intimate relationship with their hosts, 

infesting the gill cavity or mouth. The most advanced stage in this 

trend toward intimacy with the host may be seen in such genera as

129
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Artystone and Ourozeuktes. Artystone trysibia Schioedte lives within a 

pouch-like encapsulation in the abdomen of fresh water discus fish from 

South America (Huizinga 1972). My interpretation of the evolution of 

this group is presented in Figure 24, and compares favorably with the 

considerations put forth by Menzies, Bowman and Alverson (1955) on this 
subject.

There is, of course, no absolute proof of this particular evolu

tionary line of descent from cirolanids to cymothoids, or the theorized 

trend from a rather "loose" dermal association to a very intimate, 

"internal" one. These same types of trends are, however, seen in many 

other groups of parasites and in the isopods they present a very logical 

scheme. To my knowledge, no fossil material is known for the Cymothoidae, 

indeed precious little exists for the Order Isopoda as a whole. One may 

argue that certain features common to the aegids and the cymothoids 
should not be considered the result of common ancestry at all. For 

example, their most striking similarity is perhaps the presence of the 

"prehensile" grasping peraeopods. The presence of this character in 

these two families, like so many other functional morphological features 

in animals, may well be the result of an independent origin in the two 

groups that has resulted in convergent evolution. Independent deriva

tion of similar structures to fit similar needs is not uncommon and the 

particular type of peraeopod design in question is undoubtedly one of 

the most efficient mechanisms suiting these animals for their particular 

niche. This problem of separating adaptive, independently-derived 

characters from phylogenetic characters is one that is, at this time.
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Modern
Cirolanidae
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Aegidae Modern Cymothoidae

Nerocila- (?)Artystone
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Primitive aegid ancestor
(predator-prey)

"Excirolanid-type" ancestor 
(predator-prey)

Primitive cirolanid ancestor

Figure 24, Proposed Evolutionary Scheme for the Family Cymothoidae,



still best dealt with intuitively. No criteria are known by which a 

priori weighting of such data is possible. To complicate matters 

further, these two types of data often overlap and cloud one another in 

relation to their own categorical significance. A classic example of 

this is the chemical hemoglobin, which has probably been "invented" at 

least three times independently, in the animal kingdom, but still offers 

the experienced biochemist a certain basis upon which to compare related 

groups or species clusters. However, based on other data, both morpho

logical and ecological, it seems highly probable that the "prehensile" 

peraeopods of the Cymothoidae originated in the early aegid line. To 

carry this argument still further, one may then assume, on similar data, 

that the origin of the aegid prehensile appendage probably lies in a 

cirolanid ancestry, although no species of this family have such highly 

specialized appendages at this time. Nonetheless, it is probable that 

the necessary potential for such a trait was and still is present in 

the cirolanids (i.e., genetic preadaptation). It is generally accepted 

that the total genotype of an animal group is highly "integrated"

(Mayr 1963, Dahl 1963) or co-adapted, possessing many latent potentiali

ties that may blossom forth under the proper selective pressures to pro

duce, perhaps numerous times, certain phenotypic traits. It is highly 

likely that this is the very phenomenon that is seen operating in certain 

species of Excirolana, discussed earlier, which possess the primitive 

forerunners of "prehensile-type" legs.

There seems to be no doubt that the cymothoids represent a mono- 

phyletic group, as probably do the aegids.
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The subject of" host-parasite co-evolution now needs to be con

sidered. For life in general, it could be said that the more specialized 

the host, the more specialized the parasite, although there are of course 

many exceptions to this in which the parasites evolution greatly lagged 

behind that of its host, or vice versa. This disparity is explained by 

Noble and Noble (1964) in some detail. It may also be said for life in 

general, that parasites tend to evolve in a more conservative manner than 

do their hosts (internal parasites especially), and it is for this reason 

that evolutionary trends may often be seen more clearly in the parasite 

than in their host. However, when examining a host and its parasites 

one must consider all the parasites in a body, not just one species 

(parasitogenesis) for clues to the phylogeny and relationships of the 

host species. This has not yet been attempted by myself nor any other 

worker with cymothoid isopods. Several writers have proposed certain 

rules of affinity between parasites and the phylogeny of their hosts. 

These rules are, of course, subject to a great deal of variation and 

exception. These include: the fahrenholz rule, which states that common 

ancestors of present-day parasites were themselves parasites of the 

common ancestors of present-day hosts (degrees of relationship between 

modern parasites thus provide clues as to the parentage of modern hosts); 

the szidat rule, which states that the more specialized the host, the 

more specialized are its parasites, and conversely, the more primitive 

or generalized the host, the less specialized are its parasites (hence 

among stable parasites the degree of specialization may serve as a clue 

to the relative phylogenetic ages of the hosts); and,finally, the
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eichler rule, which states that when a large taxonomic group (e.g., the 

family) of hosts consisting of wide varieties of species is compared 
with an equivalent taxonomic group consisting of few representatives, 

the larger group has the greater diversity of parasitic fauna. I have 

not been able to apply any of these general rules to the family 
Cymothoidae.

The high degree of species similarity (many sibling species, 

etc.), generic overlap, low host specificity, geographic restriction, 

plus the lack of anatomical or physiological specialization of the 

cymothoids (beyond a slight reduction of the eyes and loss of setae), 

and their general similarity to the supposed cirolanid ancestors leads 

one to conclude that they may be a recently evolved group, not yet as 

deeply immersed in the niche of parasitism as one might at first suspect. 

In fact, species of the Genus Nerocila really represent little more than 

advanced aegids. The simple fact that all the species and genera are so 

similar in appearance, varying in so few ways from one another, may 

indicate a short but rapid adaptive radiation within a newly exploited 

niche. During the evolution of parasitic groups, a commonly seen strate

gy is the use of an increased number and variety of host species, hence 

providing a margin of safety for the parasite against extinction due to 

host responses or fluctuations in host populations. As the evolution of 

the parasitic group proceeds the host specificity increases, and this 

works with the differences between the hosts' behavior, ecology, and 

physiology to isolate the species of parasites and push them ahead 

along separate evolutionary lines. So, parasites which have a wide
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range of hosts (such as the Cymothoidae) may represent recently evolved 

groups that have not undergone as great a degree of evolutionary advance

ment or specialization as those with more specialized host preferences.

Cymothoids are quite possibly on the road to a more firm associa

tion via the gill chamber habitation and one is taken to assume this to 

be the most likely route for further exploitation. This, then, would 

result in an evolutionary trend resembling the bopyrid (epicarid) isopods 

of other Crustaceans (note the comments on Artystone trysibia). The 

bio-habitat constriction of the host role would greatly facilitate the 

independent evolution and genetic integrity of cymothoid populations 

and no doubt has enhanced their rapid adaptive radiation.

There are no known amphi-American species of Cymothoidae (with 

the possible exception of two questionable species; see Table 1).

However, all four genera known from the Panamic Region are amphi- 

American. This is an indication that the communication between these 

two faunal regions (Panamic and Caribbean) probably ceased to exist 

before all the Panamic species reached their present state of develop

ment, lending still further evidence to the possible recency of origin, 

of this group in the eastern Pacific. The age of the last known water 

bridge between the Panamic Province and the Caribbean is between three 

and seven million years ago (Garth 1960, Keen 1971, McConnaughey 1974, 

Brusca 1973), and all of the eastern Pacific species of Cymothoidae, at 

least of the genera Meinertia and Cymothoa are quite likely younger than

this.
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Distribution and Zoogeography

The origins and affinities of the fauna of the Gulf of Cali

fornia have been adequately discussed by numerous workers, including 

Dali (1909), Brusca (1971, 1973, 1975), Durham (1947), Durham and 

Allison (1960), Durham and Barnard (1952), Garth (1955, 1960), Keen 

(1971), Parker (1963), Schmitt (1940), Soule (1960), Steinbeck and 

Ricketts (1941), Walker (1960), Dickinson (1945), Carlgren (1951),

Fraser (1938a, 1938b, 1938c), Hyman (1939), Coe (1940), Fisher (1952),

Caso (1946), Deichmann (1937, 1938, 1941, 1958), Castro (1966), Haig 

(1960), and Glassell (1934).

In general, it is known that the fauna of the Gulf of California 

consists of representatives of three major zoogeographic regions: the 

Eastern Pacific Zoogeographic Region (Panamic Region of some authors); 

the Caribbean Region; and, the Californian Province (or Northeast Pacific 

Warm Temperate Region). For the isopod species occurring in the Gulf 

of California, in general, the following figures can be estimated:

Panamic = 22 percent; Californian = 10 percent; cosmopolitan (or cosmo- 

tropical) = 4 percent; and, unknown affinity = 64 percent.

The cymothoid isopod fauna of the Gulf of California known at 

this time consists of ten species: five species of Nerocila (four de

scribed for the first time in this dissertation), two species of 

Meinertia. two species of Lironeca, and one species of Cymothoa.

Of the five species of Nerocila, four appear to be endemic to the 

Gulf, while one (N. californica) is now known to range from San Diego, 

California (Monterey, California ?) to Panama. It is of interest to
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note that only a single record for this species exists from the truly 

tropical region of America (i.e., Panama), and only a single record from 

the cool temperate region of Monterey, California (the latter may be incor 

rect or represent a straggler, well out of the normal range for the 

species). All of the other records are from San Diego to northern Baja 

California, with a cluster of records from the extreme northern Gulf of 

California. These two areas have been considered by various authors 

to fall into the climatic realm of "warm temperate.11 The northern Gulf 

does exhibit a temperate climate during the winter months (on-shore water 

temperature range 10O-15°C), but during the summer it is unquestionably 

a tropical environment (on-shore water temperature range 30O-32°C).

The distribution of Nerocila californica could therefore be said to be 

warm temperate disjunct, merging into the subtropical and cool temperate 

regions (Figure 25). The existence of a warm temperate fauna in the 

eastern Pacific has been discussed by Garth (1960) and others. It may 

well be that the realized niche of this species exists only in such a 

warm temperate environment although, should the Panama record be dupli

cated by further collections, it might indicate that populations of this 

species are indeed able to tolerate a wide range of environmental 

temperatures. The genus Nerocila is a temperate-centered group of 

species in the New World and the distribution of Nerocila ca lifornica 

compares well with that of similar species on the Atlantic coast of 

America.

Of the four endemic species in the Gulf of California, two are 

restricted to the northern Gulf (based on present data), one to the
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southern Gulf, and the fourth ranges throughout the Gulf. It is logical 

to assume that these species represent populations isolated from Nerocila 

californica, or from a common ancestor, in the recent past. The only 

other species of Nerocila occurring in the eastern Pacific is N. excise, 

a tropical species known only from near the equator. All six species 

are very similar morphologically. It is likely that N. excisa also 

represents a remnant population of the more temperate N. californica 

or a recent common ancestor. Numerous species of invertebrates and 

fishes are known to have disjunct distributions, being essentially 

temperate (i.e., Californian) forms but with isolated populations in 

the northern Gulf of California. For references to this warm-temperate, 

disjunct fauna, see Durham and Allison (1960), Dawson (1960), Soule 

(1960), Garth (1960), Hubbs (1948), Walker (1960), Brusca (1973, 1975). 

Their introduction to the Gulf is supposed to have occurred during 

recent periods of glaciation when cool northern isotherms moved south to 

encompass the tip of Baja California in a more temperate regime. The 

most recent large glaciation (the 4th pleistocene ice age) occurred 

just 10,000-20,000 years ago, well after the Panama seaway had closed up. 

The isolation of temperate isopods and other invertebrates in the north

ern Gulf of California may be quite similar to what probably occurred 

in the grunion genus Leuresthes, now represented by two species, one in 

California the other in the northern Gulf. These two fishes are nearly 

identical morphologically but have obviously diverged just enough, 

through time and geographic isolation, to take on enough differing 

characters sufficient to now be distinguished as two species (Moffat
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1974). Nerocila sp. 3 and sp. 4 may represent isolated populations born 

in this same manner (Figure 26). Nerocila sp. 1 appears to be the more 

successful isolate of the schism, having adapted to a truly tropical 

environment at the southern limit of its range (Figure 27).

All six species of Nerocila occurring in the eastern Pacific may 

be regarded as sibling species. A closely related species cluster 

being recently evolved from a parent stock, which seems likely to be 

Nerocila californica or a common ancestor. Nerocila californica has 

the widest and most typical distribution of all members of this genus 

in the eastern Pacific, and appears to be more abundant within its range 

than any of the others.

There are only two species of the genus Meinertia known from 

the eastern Pacific, both of which occur in the Gulf of California. 

Meinertia gaudichaudii ranges from southern Baja and the southern Gulf, 

south to Chile and the Galapagos Island (Figure 28). Meinertia gilbert! 

ranges from northern Baja and the upper Gulf of California to Mazatlan 

(Figure 29). These ranges are striking in that the former represents 

strictly a tropical distribution while the latter is a warm-temperate/ 

sub-tropical distribution. The only place of any known sympatry is at 

Mazatlan, where both species have been collected and the ranges of the 

two species apparently meet (and end). It should be again pointed out 

that these two species of Meinertia utilize entirely different types of 

host fishes. Meinertia gaudichaudii is known only from members of the 

jack family (Carangidae) while M. gilbert! has been recorded only from 

mullet (Mugil).
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Two species of Meinertia are also known from the Atlantic Ocean, 

but both are tropical, occurring in the Caribbean. These distributions 

strongly suggest that this genus, in the Gulf of California, is of 

Caribbean origin. The theory of the Panama seaway has been adequately 

documented and the existence of Caribbean refugees in the Pacific is 

well known (Durham and Allison 1960, Garth 1960, Briggs 1974, Rosenblatt 

1967). The immigration and subsequent establishment of Meinertia in the 

eastern Pacific may have occurred twice, by the same species or each 

time by a different species, giving rise to the two Pacific forms. It 

could also have occurred only once, eventually splitting into two separate 

and isolated populations. I believe the possibility of "sympatric 

speciation" (which I consider to be, in reality, no more than micro

geographic speciation) to be quite high in this type of organism, due 

to host specificity and population isolation as one cluster of breeding, 

reproducing, evolving individuals travels through the three-dimensional 

sea with a school of host fishes that delimit the parameters of their 

realized world. In regards to this genus, it may be speculated, for 

example, that Meinertia gaudichaudii (or whatever represented this 

species at that time) remained a warm-water based species while 

Meinertia gilberti evolved northward into cooler, more temperate waters, 

aided by a new, more temperate-based host fish. The success of the 

tropical form could certainly have helped to push the cool water popula

tions more and more northward, limiting that species' southern intru

sion into its own range. The two species of Meinertia in the eastern 

Pacific, it will be remembered, share no host fishes. This host habitat
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specificity undoubtedly aided, and continues to aid, in the maintenance 

of species integrity. Jacks are pelagic schooling fishes while mullet 

are principally bottom feeding fishes. Attempts to associate the two 

Pacific species of Meinertia with their parent stock in the west 

Atlantic has not been possible due to lack of host data and inadequate 

descriptions for the latter. An alternative way of looking at the distri
butions of these four species of Meinertia is by assuming the existence 

of a generalized transisthmian track (as described by Croizat, Nelson 

and Rosen 1974), in which a single, widespread species became geographi

cally or climatically disrupted the isolates (vicariants) evolving then 

each in its own direction.

Lironeca appears to be a Pacific-centered genus, having eight 

species described from this region of America and only two from the 

west Atlantic. The eastern Pacific species of this genus are all very 

similar and have, in the past, been difficult to differentiate. It has 

become apparent in the present study, however, that the genus can 

probably be considered to be composed of two distinct groups. One 

group loses the masculine character of the appendix masculinura as it 

transforms into a female, the other retains it. At the present time, 

it is known that the females of L. panamensis and L. convexa retain the 

appendix masculinum, while those of L. vulgaris do not. It is also of 

interest to note that the former two are both tropical species having 

similar, overlapping distributions, while the latter is a distinctly 

temperate form, not extending into the tropics whatsoever (Figures 30 

and 31). Although the ranges of these two tropical species of Lironeca
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appear to be identical, illustrating complete sympatry, the two are quite 

distinct morphologically and are probably more closely related to differ

ent species than they are to each other.

Of the five species of Cymothoa known from the New World two 

occur exclusively in the Atlantic, two exclusively in the Pacific, and 

one has been reported from both seas. The record of this latter species 

(C. oestrum) from the Pacific is, however, highly questionable, and was 

disregarded by Schultz (1964). The only species known to occur in the 

Gulf of California is C. exigua, whose range extends all the way from the 

temperate shores of California to the tropical shores of Panama and the 

Galapagos Islands (Figure 32). The origin of this species is question

able but based on morphological similarities , it is likely to have 

originated from an Atlantic form, via the Panama seaway, or through the 

process of vicariation as described previously (for Meinertia).

In summary, then, of the four genera of cymothoid isopods known 

from the Gulf of California, two are considered to be of Pacific tem

perate origin (Lironeca and Nerocila), one of Caribbean tropical origin 

(Meinertia), and the fourth (Cymothoa) remains questionable but possibly 

of Caribbean origin also. It must be remembered that these origins are 

in respect to the Gulf of California only. Much work remains to be done 

on a world-wide scale before any theories could be designed for the 

zoogeographic origins of the various cymothoid genera in general.





SUMMARY

The Cymothoidae Isopoda (Crustacea: Peracarida) fauna of the 

Gulf of California is described and discussed. New species descriptions 

and revised generic descriptions are presented for ten species and four 

genera. Four new species of Cymothoidae are tentatively proposed. The 

history of the study of this group of isopods is discussed and major 

problems brought forth.

A natural history of the family Cymothoidae, in the eastern 

Pacific, is presented, including general biology, life history, host- 

parasite relationships, evolution and zoogeography.

This study has extended the known ranges of the following species 

of cymothoids as follows: Nerocila californica, northward into the upper 

Gulf of California; Lironeca convexa, northward from Hondurus to Baja 

California and Catalina Island, California (about 2,420 miles); Lironeca 

panamensis. northward from Mazatlan to northwest Baja California and the 

upper Gulf of California (about 600 miles); Meinertia gilberti, north

ward from Mazatlan to northwest Baja California and the upper Gulf of 

California (about 600 miles); Meinertia gaudichaudii, northward from 

Mazatlan to southwest Baja California (about 300 miles); and, Cymothoa 

exigua. northward from Panama to the upper Gulf of California (about 
2,620 miles).
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