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ABSTRACT

The traditional method for producing taxonom c
illustrations requires the preparation of inked copies of
pencil originals. These individual figures are then
grouped into plates for publication. | describe an
alternative, conputer-based approach. 1In a prelimnary
step, a pencil drawing is digitized and inported into an
illustration program The progranm s tools are then used
to trace the inage. Each figure is stored as a separate
conputer file. To make a plate for publication or a slide
for presentation, several figures can be conbined. The
approach has several advantages. (1) It is easier to
mast er than the pen-and-ink nethod. (2) Figures can be
mani pul ated el ectronically, so the size and orientation of
a figure is infinitely adjustable, providing great
flexibility in the preparation of plates. (3) Miltiple
“originals” can be printed. (4) M stakes can be corrected
easily.

| describe two new speci es of Diosacci dae
(Har pacti coi da, Copepoda) from an unvegetated sand at 18 m
depth in the northern Gulf of Mexico. One is assigned to
t he genus Protopsammotopa; the other is assigned to
Actopsyllus, and traits in comon wth Eoschi zopera Wlls
& Rao (1976) are noted. | used the conputer-based
techni ques to produce the figures for these descriptions.

The effects of winter storns on the two new
di osacci ds described here were studi ed through a
reanal ysis of data fromThistle et al. (1995a). | found
that Actopsyllus sp. nov. did not mgrate dowward in
response to erosive flow Protopsamptopa sp. nov. nales,
but not females, did. Protopsamotopa sp. nov. is found
at shall ower depths in the sedinent than Actopsyllus sp.
nov., which may explain the difference in response to
erosion by two norphologically simlar and
phyl ogenetically rel ated speci es.
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| NTRODUCTI ON

Despite the unique role that taxonony plays as a
foundation for biological research, a decline in the
nunber of taxonom c specialists has been recogni zed since
the 1950’ s (Hedgepeth et al., 1953), and funding for
t axonom c research has decreased (Gaston & May, 1992).

Al pha taxonony, the detection and description of species,
is key in supporting the biodiversity research that has
recaptured interest in recent years in both scientific
circles and the environnental |l y-aware public. In sone
habitats, the biodiversity is vastly underdescribed. The
deep sea i s an obvi ous exanpl e (Lanbshead, 1993), but even
in shall ow-water coastal systens, researchers have found
that 33-99 percent of the organi sns have not been
described (Butman & Carlton, 1995). Al pha taxonony has
al so been recogni zed as the largest problemin systematic
bi ol ogy research, yet little has been done to revive the
field (D sney, 1998). Butman & Carlton (1995) descri be
the situation as a crisis so severe that recovery nay not
be possible without imediate action to recruit new
systematists. In addition, interpretation of ecol ogical
studi es has been hindered by a | ack of taxonomc
under st andi ng of the species involved (Knowton & Jackson,
1994) .

A partial solution to the predi canent of declining
nunbers of taxonom sts would be the training of new
scientists in basic taxonomc skills to supplenent their
research interests. The research described in this
di ssertation was funded by an O fice-of - Naval - Resear ch
grant for this purpose. The dissertation has a three-part
structure that pronotes the goals of the funding grant.
The first chapter is a nethodol ogi cal paper that outlines
a neans of speeding the production of new taxonom c
descriptions. The second chapter is a taxonom c paper
t hat describes two new species of harpacticoid copepod.
(I't should be noted that to avoid confusion in the
literature the full names will not be given here but wll
be published in the journal Crustaceana.) The third
chapter is an ecol ogi cal paper that reanal yzes previous
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work in Iight of the discovery of the two new
har pacti coi ds described in the second chapter.



CHAPTER 1

A COWPUTER- ASSI STED METHOD FOR PRODUCI NG | LLUSTRATI ONS FOR
TAXONOM C DESCRI PTI ON

| nt roducti on

The traditional nmethod of preparing species
descriptions requires the preparation of figures for
publication (Mayr and Ashl ock, 1991) by arrangi ng origi nal
drawings into plates and tracing themonto velumw th pen
and ink. | found inking the figures to be the [imting
step in ny taxonomc work. | turned to illustration
software as a possible solution and found that | could
produce figures of a quality equivalent to that of the
pen-and-i nk nmethod. Below, | outline the nethods | use,
di scuss their advantages, and report potential pitfalls.

Met hods

Scanni ng the Original

My approach requires that the original penci
drawi ngs (“drawi ng” always refers to the pencil rendering)
first be digitized. | use a Hew ett-Packard ScanJdetl | cx
scanner and Adobe Photoshop® 3.0 for this step, but any
scanner and software can be used that have previ ew ng
features that allow the image (“imge” always refers to
the conputer rendering) to be resized and permt
optim zing the contrast and brightness of the inmage.
After some prelimnary experinmentation, | select settings
that provide sufficient detail but allow the digitized
image to be stored on a 1.4 MB floppy disk so it can be
transferred froma central scanning station to the working
conputer. In particular, | select black-and-white (1 bit)
scanning, set the resolution to match that of ny | aser
printer, set crop marks to include the drawi ng but excl ude
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as nmuch bordering white space as possible, and reduce the

i mge size to 80%or less. | then save the image in a
format (TIFF) recognizable by ny illustration software.
If the original drawing is |larger than the scanner can
acconodate, | nmake separate scans of different sections of

the drawng, with care to be consistent in the reduction
of the imuge (e.g. all scans reduced to 60%, and piece
themtogether in the illustration software.

Creating an Illustration File

A tracing of the image can begin once the inmage file
is inmported into the drawi ng software. Two types of
drawi ng software are avail abl e, vector-based prograns
(1.e. illustration software), which represent |ines by
means of equations, and bitnmap-based prograns (i.e.
pai nting software), which represent |ines as groups of
pi xel s (Adobe Systens Incorporated, 1997). The use of
vectors, rather than a bitnmapped conputer representation,
creates snooth curves that can be adjusted in several
desirabl e ways. For exanple, line wdths can be altered,
and the size of a figure (both on screen and printed) can
be changed wi thout creating the jagged edges
characteristic of bitmapped i mages (Al spach, 1997). | use
Adobe Il lustrator® 7.0, but any vector-based software with
the capabilities discussed bel ow could be used (e.g. Corel
Draw® and Freehand®) .

Illustration software allows different elenments of an
illustration to be placed on separate “layers” within the
file. The final image prints as a single unit, but the
mani pul ation of nultiple parts of the image is greatly
facilitated by the layering feature. | create a file in
my illustration software such that one |ayer contains only
the scanned TIFF i mage and serves as a tenplate. To
facilitate tracing, | set the options of the tenplate
| ayer such that the scanned image (1) is dimed, (2) wll
not be printed, and (3) cannot be changed. | create a
tracing of the tenplate on as many additional |ayers as
necessary.

Tracing the Tenpl ate

| trace the tenplate by creating curves with the
illustration software, in turn by setting anchor points
and mani pul ating the I engths and angl es of acconpanyi ng
handl e bars (Fig. 1.1). The portion of the image on the
screen is enlarged or reduced as needed before a curve is
drawn. | select options in the software that produce
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curves with rounded ends and corners that resenble those
made with a pen. |If dashed lines are needed (i.e. to show
underlying structure), the dashing option in the software
can turn a solid line into a series of dashes. The

techni que can take a novice 5-10 hours to naster.

Several conventions used in taxonomc illustration
can be inplenented easily in vector software, often with
results superior to those possible with pen and ink. For
exanple, different line wdths are used traditionally to
convey structural information (e.g., in harpacticoid
copepod drawi ngs, the outside of the cuticle is
represented by the thickest lines and the inside edge of
the cuticle by thinner ones; e.g. Huys, 1987, Fig. 3A)
Illustration software includes a |arger selection of |ine
widths than is available in pens. Also, if all the curves
of a given thickness are nade on a single layer, their
wi dt h can be changed qui ckly (Ahmed Ahnert, pers. comm).
For exanple, if the thinnest curves are too thin, the
| ayer with those curves can be selected while other |ayers
are locked, all thin curves can be selected with two
keystrokes, and the width can be increased.

By convention in taxonomc illustration, when one
feature |ies above another, the lines representing the
| oner feature are broken in the vicinity of the upper
feature (e.g. Huys, 1987, Fig. 2C). These |ine breaks can
be produced by creating a white halo around the top
feature (Ahnmed Ahnert, pers. comm). Wen this top
feature is placed onto another feature, the white halo
acts to create gaps at the intersections of the two
features (Fig. 1.2, step 4). \Wen several copies of the
sane feature are added to an existing structure, this
technique is faster than drawi ng the underlying structure
with many short lines (e.g. Fig. 1.2, steps 4-8).

Taxonom c illustrations frequently require the
addition of visual texture, which is traditionally
represented by stippling (e.g. Huys, 1987, Fig. 3D
Illustration software can produce a great variety of
textures, which can be added to i mages easily. Wen a
region to be shaded is enclosed by a curve, | select the
curve and fill it with the appropriate shading. If a
region to be shaded is not defined by a closed curve, |
enclose it by drawing a curve with the line color set to
“none” and fill it with the appropriate shading. As the
size of the area to be shaded increases, shading with
illustration software becones increasingly nore efficient
t han sti ppling.



Il'lustration software can speed drawi ng in additional
ways. When several of the sane type of object occur, |
draw one object and then copy and
paste it several tines, rotating the copies and adjusting
t he anchor points and handl e bars as needed. When several
of the same object are in a row, | draw one at each end of
the row (Fig. 1.2, steps 3-5), and use a “blending” tool
to fill in a specified nunber of copies (Fig. 1.2, step
6). When mrror-inmage rows of objects are needed, |
create one row as descri bed above and add the second by
copying and reflecting the first row (Fig. 1.2, steps 7-
8). Also, an experienced operator can use keyboard
commands rat her than choosing nenu options with the nouse.
Al t hough nmenus may be easier for a novice, working with
keyboard commands speeds the overall process.

After a figure is conpleted, | save an archive file
with the tracing and the tenplate |layers in case they are
needed for later reference. | then nake a working copy of

the file and delete the tenplate layer, which is no | onger
necessary. This smaller “tracing-only” file is used when
| create a plate. See Figure 1.3 for an exanple of a
conpleted figure. For a conparison of pen-and-ink and

conputer-illustrated figures, see Bouck et al. (1999); in
that paper the illustrations of the first three species
descriptions were pen-and-ink rendered; the illustrations

of the last two descriptions were produced w th Adobe
[llustrator® 7.0.

Creating a Plate

Al t hough deskt op- publi shing software could be used to

produce plates, | have found that the illustration
software | use suffices. To produce a plate for
publication, | create a “plate” file that is distinct from
t he many

i ndi vidual “figure” files on which |I have been working.
inmport the required figures fromtheir respective figure
files into the plate file. Wthin the plate file, | place
each figure on its own |ayer so that individual figures
can be easily selected and noved w thout affecting the
others. On an additional layer of the plate file, | draw
a rectangul ar border to represent the outer edge of the
plate in the proportions of the page of the journal to

whi ch the paper wll be submtted. | adjust the options
for the border layer so that the outline will not print;

it sinply serves as a guide. The individual figures can
be noved, rotated, and resized as necessary to produce the
desired layout of a plate. | add letters to |abel each
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figure. | rotate the scale bars to a vertical or

hori zontal orientation and nove them so that they are
associated with their respective figures. If desired, text
can be added to each scale bar (both horizontally and
vertically), indicating the scale wwthin the figure itself
rather than in the figure caption. |[If cropmarks are
desired, the bordering rectangle can be changed to print
as cropmarks.

Results and D scussi on

Per haps the nost inportant benefit of illustration
software is that it speeds the production of figures and
plates. If all goes well with both the conputer-aided
met hod and the pen-and-ink nethod, the two approaches are
about equally tinme consum ng. Conputer illustration speeds
producti on because al nbst anyone can nmaster the technique.
That is, ny experience has been that even after days of
practice, three artistically talented novices were unable
to produce figures of sufficient quality with pen and i nk.
In contrast, with 10 hours of training, two undergraduate
| ab assistants could produce publishable figures, and even
the work they produced during their training period could
be used after m nor corrections.

The ability to develop an electronic library of
i mges al so speeds production. After a period of creating
illustrations, the illustrator devel ops an archive of
i mages that can be used in other situations. Producing
pl ates for keys, reviews, or broad systematic papers wll
be speeded when figures are already avail abl e and need
only to be arranged. Figures can be conbi ned and key
poi nts highlighted for teaching slides. For exanple,

sexual di nmorphismcould be illustrated with a slide
showi ng both nmal e and fenal e appendages with differences
shown by col ored rather than black lines. | created such

a plate for harpacticoid copepods in approximtely 15
m nut es, including planning and several changes to the
| ayout, wth imges saved from a species description.

The conput er-ai ded approach all ows nuch faster
correction of m stakes and recovery from accidents. A
m stake that, on a traditional plate, mght destroy hours
of effort can be “undone” with a few keystrokes on the

conputer. If an accident occurs (e.g. coffee is spilled
on a plate or the plates are lost in the mail on the way
to the publisher), the illustrator with conputer-generated



pl ates can print another set of “originals,” but the
traditional illustrator nust begin again.

Ironically, the very capabilities that nmake conputer-
ai ded drawi ng ideal for producing species descriptions
warrant several cautions. Objects are easily copied and
reflected, but the reflecting feature nust be used only
when justifiable. For very small repeated objects (e.qg.
ornanent ati on on harpacticoid copepod setae), | use the
“reflect” tool to speed illustration as described in the
methods (Fig. 1.2). | performthe operation at a very
hi gh magnification, check the results against the
tenpl ate, and adjust objects as necessary. It is ny
experience that figures with reflected elenents can, with
t hese precautions, be as accurate as those created with
pen and ink at a smaller scale.

An additional potential source of difficulty is
resizing figures. For exanple, a figure can be
accidentally resized i ndependently of its scale bar.

Al so, resizing is not automatically proportional; specific
procedures nust be followed to nake it so. | recomrend
care in use of the “scale” tool, as several small errors
may accunul ate, escaping the attention of the user.
Despite the care required, the ability to resize figures
easily is an advantage over the traditional pen-and-ink
met hod.

Because failures of power and conputer system nust be
guar ded agai nst, work shoul d be saved often during a
session and backed up on renovabl e nedia at the concl usion
of a session. Because, a floppy disk is generally too
small to hold a work in progress that contains both the
tenpl ate and the overlying curves (sonetines as |arge as
4.6 MB), a large-capacity, renovable nedia device (e.g. a
Zip™drive) is an inportant conponent of a conputer system
to be used for taxonom c illustration.



1.| _—Handle bar

Fig. 1.1. Vector Curve with the Anchor Points and Handl e
Bars Used to Manipul ate its Shape



1. Scan the drasving

{‘__________._._ —— 2. Trace the botborm feature.

i,__——'—"r.—-_—"_._*-__"_‘ 3, Trace a top elememn,
L ———— — 4. Add a white halo fo the
bap alemeant.
[_____ T e 5. Posilion a copy of the
2 Elarmant.
{_._______1_1-_;:-:—____ G Add mulbple copies with a
C “blending” taal,
[______ e — 7. Gopy the row and pasle.
_'..'.'.__.._'__.-__E.:_____h B Reflect e copied row
lJ:-—-_———" e T T, S e and repositan i
SOl L 9. Maka fina adjustments to
'i : e R S indecidual alements as
MECESsany.

e 10. Delete the template layer.

,:_____ R — T —

Fig. 1.2. Steps Used in Tracing a Tenplate wth Several
Ti me- savi ng Techni ques Denonstr at ed
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~ e

.3. Antennule froma Fenmal e Harpacticoid Copepod
rated wth Adobe Illustrator® 7.0
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CHAPTER 2

TWO NEW DI OSACCI DS ( COPEPQODA, HARPACTI CO DA) FROM THE
NORTHERN GULF OF MEXI CO

| nt roducti on

In the course of an ecol ogi cal experinent in the
northern Gulf of Mexico (Thistle et al., 1995), many of
t he harpacticoi d copepod speci es studi ed could be
identified only to genus level. Here we describe two of
t hese species fromthe rel ated D osacci dae genera
Pr ot opsammot opa and Actopsyllus. Neither genus is well
known taxonom cally. Protopsamotopa is conposed of one
conpletely described (Geddes, 1968) and one partially
described (Wells, 1977) species; Actopsyllus is nonotypic.
The descriptions of two additional species wll provide
further understanding of both the variability within each
genus and the phylogenetic relationships in this branch
(sensu Wlls & Rao, 1976) of the D osacci dae.

Materi al s and Met hods

Speci nens were obtained from sedi nrent sanpl es that
had been preserved in sodi um borate-buffered seawater
formal dehyde (9 : 1, v : v). Harpacticoids were di ssected
in |lactophenol, and the parts were nounted on H S slides
(Shirayama et al., 1993) in Hoyer’s nounting medi um
(Pfannkuche & Thiel, 1988). Pencil draw ngs were made
with a canera lucida on a Zeis Optipl ex conpound
m croscope equi pped with differential interference
contrast. Habitus views were drawn at 1024 x; other views
were drawn at 2560 x. Plates were produced wth Adobe
Il lustrator® (Bouck & Thistle, 1999). Term nol ogy foll ows
Huys & Boxshall (1991). Abbreviations used in the text
and figures are: ae, aesthetasc; Pl-P6, first to sixth
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t horacopods; exp(enp)-1(2,3), to denote an exopod’s
(endopod’s) first or proximal (second, third) segnent.

Systematics

Fam |y Di osaccidae G O Sars, 1906
Pr ot opsammot opa Geddes, 1968

D agnosi s (anmended). —Di osacci dae. Body
cylindrical, wthout clear demarcation between prosone and
urosone. Cenital double somite with spherica
epi copul atory bulb. Rostrum el ongate, defined at base.
Ant ennul e 8-segnented; second segnent |ongest; wth
aest hetascs on fourth and eighth segnents. Antenna with
i nconpl ete division of basis and first endopodal segnent;
exopod 1l-segnented with 2 term nal setae; second endopodal
segnent with lateral armature of 2 |large spines and 2
smal l er elenents, wth distal armature of 4 genicul ate
spines plus 2 other free elenents. Mandible w th biranous
pal p; basis with 2 term nal setae; endopod |length |ess
than 1.5 tines width, with 5 setae. Maxillule praecoxa
with 7 spines along distal margin; coxa with 1 seta;
endopod represented by single seta subdistal to term nal
setae on basis; exopod 1l-segnented with 2 setae. Maxilla
syncoxa with 3 endites, proximal and m ddl e endites each
with single seta. Maxilliped syncoxa with seta at distal
corner; endopod with 1 claw and 1 seta extending
approximately half the length of the claw

P1 endopod prehensile, 2-segnented, first segnent
approximately equal in length to exopod; exopod 3-
segnented. P2-P4 with 3-segnented endopods and exopods;
bases with an outer spine or seta; ram segnents el ongate;
exp-3 of each leg with 2 outer spines. P5 with distinct
ram ; baseoendopod with 4 setae on endopodal | obe; exopod
| onger than wide, with 5 prom nent setae.

Sexual di nmorphisns in male include hapl ocer
antennul e; P2 endopod 2-segnented, enp-2 distinctly
nodi fied, with | arge outer spine; P5 endopodal |obe with 2
setae; exopod shorter than in female, with 4 prom nent
set ae.

Type species: Protopsammpt opa norvegi ca Geddes, 1968.

O her species: Protopsamotopa wlsoni Wells, 1977;
Pr ot opsammmot opa sp. nov.

13



Pr ot opsammot opa sp. nov. (Figs. 2.1-2.4)

Mat eri al exam ned. —National Miuseum of Nat ural
Hi story (Smthsonian Institution, Washington, D. C):
hol otype femal e in al cohol; allotype male in al cohol;
addi tional paratypes in alcohol (11 females, 24 nales) or
di ssected on slides (5 fenmales, 3 nales).

Type locality. —Northern Gulf of Mexico: 29°40.63
N 84°22.80" W 18 mdepth, unvegetated nmedi um sand; see
Thistle et al. (1995) for additional description.

Description. —All illustrations are from paratypes
except Fig. 2.1C, which is fromthe hol otype.

Femal e hol ot ype body | ength nmeasured from anteri or
margin of rostrumto posterior margin of caudal ram (not

i ncl udi ng caudal setae) 365 um Body (Fig. 2.1A-C

sl ender, cylindrical. Sensillae present dorsally and
ventrally on genital double somte and fourth urosomte
and dorsally on sixth urosomte (Fig. 2.1A-B). Cenita
double somte with fused P6's, each side bearing 3 setae
(Fig. 2.1B), and spherical epicopulatory bulb. Serrated
hyal i ne fringe present dorsally on genital double somte,
urosomtes 4-5, and ventrally on urosomte 5 (Fig. 2.1A
B). Posterior, dorsal margin of urosomte 5 drawn out

i nto pseudoperculum (Fig. 2.1A). Anal somte partially
divided with spinules along dorsal and ventral posterior
margin (Fig. 2.1A-B); anus triradiate, bordered by incised

frill (not illustrated). Caudal ram (Fig. 2.1A-B)
slightly longer than wide, with 7 setae: seta | thick with
blunt tip, setae I1-VI bare, dorsal seta (VIlI) carried on

a biarticul ate socle.

Rostrum (Fig. 2.1D) sl ender, defined at base, with
subapi cal sensilla on each side.

Antennule (Fig. 2.1E) 8-segnented; second segnent
| ongest; third and sixth segnents with blunt setae; fourth
segnent with an aesthetasc; eighth segnent with an
acrothek of 2 setae and an aesthetasc; wth armature
formula 1-[1], 2-[10], 3-[6 + 1 blunt], 4-[2 + (1 + ae)],
5-12], 6-[2 + 1 blunt], 7-[4], 8-[4 + acrothek].

Antenna (Fig. 2.2A) coxa short and unornanent ed;
basis and first endopodal segnment inconpletely subdivided;
basis wth proxi mal spinular row, second endopodal segnent
with spinules and hyaline fringe as indicated in Fig. 2A
|ateral armature consisting of 1 pinnate and 1 bare spine
and 2 slender setae; distal armature consisting of a
pi nnate spine, 1 slender seta, and 4 genicul ate spi nes,
the posterior one bears spinules and is fused at base to a
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seta; exopod l-segnented with 1 bare and 1 pinnate distal
set ae.

Mandi bl e (Fig. 2.2E) cutting edge wth many sl ender
teeth, spinular row near insertion of basis; palp
bi ranous, conprising basis and 1-segnented exopod and
endopod; basis with several spinular rows, 1 pinnate and 1
bare setae; endopod with 2 subdistal and 3 distal setae;
exopod with 2 distal setae.

Maxillule (Fig. 2.2F) praecoxa with 7 spines al ong
distal margin and 1 seta; coxa with 1 seta; basis with
subdi stal spinular row and 3 distal setae; endopod
represented by single seta subdistal to basis setae;
exopod with 2 setae.

Maxilla (Fig. 2.2D) syncoxa with 3 endites; proxinal
endite with unipinnate seta, mddle endite with single
seta; distal endite with 1 unipinnate and 2 bare set ae;
all obasis with 1 short, slender seta, 1 bare and 1
uni pi nnate setae; endopod 2-segnented, proximl segnent
with 1 bare and 1 pinnate setae, distal segnment with 1
pi nnate and 3 bare setae.

Maxilliped (Fig. 2.2C) syncoxa with 1 slender
subdi stal seta, 1 |longer distal seta and spinul es as
indicated in figure; basis with several inner spinules, 2
subdi stal setae along pal mar margin, and a row of spinules
al ong outer margin; endopod with 1 strong, pinnate seta
drawn into a claw, 1 slender, pinnate seta, and 2 mnute
bare set ae.

P1 (Fig. 2.2B) coxa with many spinular rows; basis
Wi th inner spinules and spinules at insertion of endopod
and exopod, with 1 inner and 1 outer spine; exopod 3-
segnented, wth outer margins and inner margi n of exp-2
spi nul ose, exp-3 with 1 geniculate and 3 shorter spines;
endopod 2-segnented, prehensile, and | onger than exopod;
enp-1 roughly equal in length to exopod, with inner,
outer, and distal spinular rows; enp-2 with spinules, 1
slightly curved, pinnate and 1 genicul ate, pinnate spines
and 1 slender seta distally.

P2-P4 (Fig. 2.3A-C) with 3-segnented exopods and
endopods. Coxae with several anterior spinular rows and a
posterior spinular row. Bases with outer short, bipinnate
spine (P2) or bipinnate (P3) or bare (P4) seta. Endopods
roughly equal to (P2) or slightly longer than (P3-P4)
exopods. Seta and spine fornula as foll ows:

Exopod Endopod
P2 0.0.022 0.1.021
P3  0.0.022 1.1.121
P4  0.0.022 1.1.121
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P5 (Fig. 2.3D) Baseoendopod with 1 short, bare and 3
bi pi nnate inner setae; outer basal seta |ong and arising
fromconi cal process. Exopod 2.6 tinmes as |long as w de
(excluding distal setae) with inner spinules, 1 inner, 1
| ong, pinnate, apical, and 3 prom nent, outer setae, outer
margin also with 2 very short tube-like el enents.

Mal e al |l otype body I ength equal to that of fenale

(365 uym). P6 asymmetrical, each side with 3 setae (Fig.
2.4B; the P6 illustration is a conposite: the far left
seta was drawn based on a second speci nen). Caudal ram
w thout seta Il (Fig. 2.4A-B).

Antennul e (Fig. 2.4D) hapl ocer, 9-segnented; third
and fifth segnments with blunt setae; fourth segnent with
an aesthetasc; ninth segnent with an acrothek of 2 setae
and an aesthetasc; with armature fornula 1-[1], 2-[10], 3-
[6 + 1 blunt], 4-[4 + (1 + ae)], 5-[1 blunt], 6-[1], 7-
[1], 8-[4], 9-[4 + acrothek].

P1 (Fig. 2.3E) basis with nodified shape, inner seta
nore slender than in femal e, inner spinules thicker than
in femal e.

P2 (Fig. 2.3F) endopod 2-segnented; enp-2 distinctly
nodi fied with 1 inner, bare and 1 apical, distally pinnate
setae and with outer subdistal elenents nodified into 1
bi furcate seta and 1 thick spine.

P3 (Fig. 2.3G exp-3 wth anterior hyaline spine.

P5 (Fig. 2.3H) baseoendopods fused nedially;
endopodal | obe with 2 bipinnate spines; outer basal seta
I ong and arising fromconical process; exopod with 4 setae
and 1 short, tube-like elenent.

Et ynol ogy. —The species is naned for Ronald C
Tipper. The full name will be published in Crustaceana.
Remar ks. —Pr ot opsammot opa sp. nov. shares severa

traits wwth the two currently descri bed Protopsammot opa
speci es (Ceddes, 1968; Wlls, 1977). Based on the male P2
endopod of P. norvegi ca Geddes, 1968, Geddes assigned his
new y created genus, Protopsamotopa, and noved the
obviously rel ated Psamotopa, to the Di osacci dae. He
suggested that both Protopsanmot opa and Psanmot opa be

pl aced near the genus Schi zopera, with which they share a
reduced linb armature. Wells & Rao (1976) split

Schi zopera, creating the genus Eoschi zopera (note M el ke,
1992, rejected this genus), and suggested a cl ose

rel ati onshi p between Eoschi zopera and Pr ot opsanmot opa-
Psanmot opa. Protopsanmot opa sp. nov. has the reduced |inb
armature of the species in this group of genera. The
structure of the male P2 endopod of Protopsammotopa sp.
nov. is simlar to that found in species of
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Pr ot opsammot opa and Eoschi zopera. W assi gned
Pr ot opsammot opa sp. nov. to Protopsanmotopa, rather than
Eoschi zopera, based on the mandi bul ar endopod, which has a
di stinct squarish shape that can be contrasted with the
typical, rectangul ar shape found in genera that are nore
distantly related, as defined by Wlls & Rao’s (1976)
phyl ogeny. The | ack of an inner seta on the Pl enp-1 and
an antenna with a 1-segnented exopod al so support placing
t he species wthin Protopsammot opa.

Pr ot opsammot opa sp. nov. differs from ot her
Prot opsammotopa in the foll owi ng aspects. Geddes’ (1968)
description of the P. norvegica male antennul e notes that
the fourth segnment is “partially sub-divided by an
indistinct suture line”. |In Protopsamotopa sp. nov.,
this division is conplete, resulting in two distinct
segnents. The male P3 exp-3 in Protopsammotopa sp. nov.
has a nmenbranous projection not found in other
Prot opsammot opa. The nenbranous projection is nore
simlar in structure to the hyaline spines reported for
speci es of the genera Schi zopera and Eoschi zopera (e.g.,
Lang, 1965; Wells & Rao, 1976; Apostolov, 1982; M el ke,
1992, 1995) than to the tube pores described by Gee &
Fl eeger (1990) in other diosaccids. The structure does
not appear to have the opening at the tip found in Gee &
Fl eeger’ s (1990) tube pores. The presence of a hyaline
spine would seemto support the assignment of the species
to Eoschi zopera. Considering the close relationship
bet ween Eoschi zopera and Prot opsammot opa and the ubiquity
of a sexually dinorphic structure on the male P3 exp-3
within the D osaccidae, we feel it is reasonable to allow
species with hyaline spines to be assigned to
Pr ot opsammot opa.

Actopsyl lus Wells, 1967

Di agnosi s (anended). —Di osacci dae. Body
cylindrical, wthout clear demarcation between prosone and
urosonme. Rostrum elongate, defined at base. Genita
double somte with dorso-lateral strip of chitin and
m | dly produced epicopulatory bulb; P6's fused with 3
setae on each side. Pseudopercul um present.

Ant ennul e 8-segnented; first through fourth segnents
el ongate; fourth segnent with aesthetasc. Antenna with
distinct or inconpletely divided basis; exopod 2- or 3-
segnented. Mandible with biranous palp; basis with 3
setae; endopod 1-segnented with 4 termnal and 2 | ateral
setae; exopod 1- or 2-segnented with 5 setae. WMaxilla
syncoxa with 3 endites; allobasis wth claw, endopod 1-
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segnented with 3 setae. Maxilliped syncoxa with sl ender
seta at distal corner; basis with 2 setae al ong pal mar
mar gi n; endopod with claw, 1 |long, strong seta, and 2

m nut e set ae.

P1 endopod prehensile, first segnment distinctly
| onger than exopod, with inner seta; exopod 3-segnented,
third segnent with 4 spines. P2-P4 with 3-segnented
endopods and exopods; bases with an outer spine or seta;
ram segnments el ongate; enp-2 of each leg with outer
di stal corner acutely produced; exp-3 of each leg with 2
outer spines. P5 with distinct ram; exopod |onger than
w de.

Sexual di nmorphisns in male include hapl ocer
antennul e; P1 basis with inner projection; P2 endopod 2-
segnented, enp-2 distinctly nodified, with |arge outer
spi ne; P5 baseoendopods fused nedially, with 2 setae.

Type species: Actopsyllus |ongipes Wlls, 1967.

O her species: Actopsyllus sp. nov.

Actopsyl lus sp. nov. (Figs. 2.5-2.8)

Mat eri al exam ned. —National Miuseum of Nat ural
Hi story (Sm thsonian Institution, Washington, D. C):
hol otype femal e in al cohol; allotype male in al cohol;
addi tional paratypes in alcohol (11 females, 11 nales) or
di ssected on slides (5 females, 5 nales).

Type locality. —Northern Gulf of Mexico: 29°40.63
N 84°22.80" W 18 mdepth, unvegetated nmedi um sand; see
Thistle et al. (1995) for additional description.

Description. —All illustrations are from paratypes
except Fig. 2.5A, which is fromthe hol otype.

Femal e hol ot ype body | ength nmeasured from anteri or
margin of rostrumto posterior margin of caudal ram (not

i ncl udi ng caudal setae) 335 um Body (Fig. 2.5A CD)

sl ender, cylindrical. Sensillae present dorsally on
genital double somte, fourth and sixth urosomtes, and
ventrally on fourth urosomte (Fig. 2.5C-D). GCenita
double somte with dorso-lateral strip of chitin, fused
P6’s, each side bearing 3 setae (Fig. 2.5C), and mldly
produced epi copul atory bulb. Serrated hyaline fringe
present dorsally and ventrally on urosomte 5 (Fig. 2.5C
D). Posterior, dorsal margin of urosomte 5 drawn out
into slight pseudoperculum (Fig. 2.5D). Anal somte
mldly indented at posterior margin with spinules al ong
posterior margin; with mnute spinular ornanentation
dorsally (Fig. 2.5C-D); anus triradi ate, bordered by
incised frill (not illustrated). Caudal ram (Fig. 2.5C
D) slightly longer than wide, with 6 setae: setae |-11
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bare, seta Ill absent, setae IV-VI bare, dorsal seta (VII)
carried on a biarticul ate socle.

Rostrum (Fig. 2.5E) slender, defined at base; with
subapi cal sensilla on each side.

Antennul e (Fig. 2.5B) 8-segnented; second segnent
| ongest; fourth segnment with an aesthetasc; an acrothek
was not obvious on the eighth segnent; with armature
formula 1-[1], 2-[8], 3-[6], 4-[3 + (1 + ae)], 5-[2], 6-
[3], 7-[3], 8-[7].

Antenna (Fig. 2.6B) coxa short and unornanent ed;
basis and first endopodal segnment inconpletely subdivided;
second endopodal segnment with spinules and hyaline fringe
as indicated in Fig. 2.6B; lateral armature consisting of
2 bare spines and 2 sl ender setae; distal armature
consisting of 1 pinnate spine, 1 slender seta and 4
geni cul ate spines, the posterior one bearing spinules and
fused at base to a seta; exopod 2-segnented, exp-1 with
bi pi nnate seta, exp-2 with distal seta.

Mandi bl e (Fig. 6C) cutting edge wth many sl ender
teeth, spinular row near insertion of basis; palp
bi ranobus, conprising basis and 1-segnented exopod and
endopod; basis with spinular row and 3 pinnate setae;
endopod with 2 lateral and 4 distal setae; exopod with 2
| ateral, pinnate setae and 3 distal, bare setae. No
conpl ete mandi bl e was obtained, so the drawing is a
conposite; the 3 basis setae are based on a second
speci nen.

Maxillule (Fig. 2.6D) praecoxa with 7 pinnate spines
along distal margin and 2 setae; coxa with 1 bipinnate
seta; basis with spinular rows and 1 pinnate and 1 bare
setae; endopod represented by single seta (indicated by
arrow in illustration) adjacent to basis setae; exopod
with 2 pinnate setae and | ateral spinules.

Maxilla (Fig. 2.6E) syncoxa with 3 endites; proxim
endite with pinnate seta, mddle endite wwth 2 pinnate
setae; distal endite with 2 pinnate and 1 bare setae;
all obasis with claw, 1 bare and 1 pinnate setae; endopod
1-segnented with 2 bare and 1 pinnate setae.

Maxilliped (Fig. 2.6F) syncoxa with slender seta at
di stal corner and spinules as indicated in figure; basis
wi th several inner spinules and 2 subdistal setae al ong
pal mar margin; endopod with 1 pinnate claw, 1 pinnate,
|l ong seta, and 2 m nute setae.

P1 (Fig. 2.6A) coxa with several spinular rows; basis
with spinules along inner margin and at insertions of
endopod and i nner bipinnate and
outer pinnate spines; exopod 3-segnented, with outer
mar gi ns and i nner margin of exp-2 spinulose, exp-3 with 2
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curved and 2 genicul ate spines; endopod 2-segnented,
prehensile, and distinctly |onger than exopod; enp-1
distinctly | onger than exopod, with inner spinular row and
subdi stal bipinnate seta; enp-2 with spinules, 1 curved
and 1 geniculate spines and 1 slender seta distally.

P2-P4 (Fig. 2. 7A-C) with 3-segnented exopods and
endopods. Coxae with anterior and posterior spinular
rows. Bases with short outer, bipinnate spine (P2) or
bare setae (P3-P4). Endopods slightly |onger than (P2-P3)
or roughly equal to (P4) exopods. Seta and spine fornula
as follows:

Exopod Endopod
P2 0.1.022 1.1.121
P3 0.1.022 1.1.121
P4 0.1.122 1.1.121

P5 (Fig. 2.7D) Baseoendopod with 1 long, bare and 2
bi pi nnate i nner setae; outer basal seta |ong and arising
fromconi cal process. Exopod 1.9 tinmes as |long as w de
(excluding distal setae) with 1 inner, 1 |long, apical, and
1 long and 3 shorter outer setae.

Mal e al | ot ype body |l ength roughly equal to that of

female (330 um. P6 asymetrical, each side with 3 setae
(Fig. 2.8C). Caudal ram setae IIl and VI absent (Fig.
2.8CG-D).

Antennul e (Fig. 2.8A) haplocer, 9-segnented; fourth
segnent with an aesthetasc; with armature fornula 1-[1],
2-18], 3-[6], 4-[3 + (1 + ae)], 5-11], 6-[1], 7-[1], 8-
(31, 9-[7]. o

P1 (Fig. 2.7F) basis wth slender, bare seta rather
t han bi pinnate spine found in female, inner margin
spinul es thicker than in female, inner seta and spinul es
on projection.

P2 (Fig. 2.7G endopod 2-segnented; enp-1 with bare
i nner seta and no spinules; enp-2 distinctly nodified with
2 inner, bare and 1 apical, bipinnate setae and with outer
subdi stal elenents nodified into 1 bifurcate seta and 1
t hi ck spi ne.

P5 (Fig. 2. 7E) baseoendopods fused nedially; each
side with 2 bipinnate inner setae and | ong, outer seta
arising fromconical process; exopod 1.7 tines as |ong as
wi de (excluding distal setae) with 1 inner, 1 apical, and
1 long and 2 shorter outer setae.

Et ynol ogy. —The species is naned for Mtthew Bouck
the first author’s husband. The full nanme wll be
publ i shed i n Crustaceana.
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Remarks. —Wells (1967) established the nonotypic
genus Actopsyllus based on specinens fromll ha dos
Por t uguesos, Mbzanbi que. Kunz (1971) added a second
species that was |later renoved by Wlls & Rao(1976)
because the species |acked a strong claw on the nmale P2
endopod. W have placed Actopsyllus sp. nov. in
Act opsyl l us based on the nmale P2 endopod, which is very
simlar to that of the Actopsyllus type-species, and the
two strong spines on the mexilliped endopod, found in no
other related genus. It also has the nuch greater length
of the P1 enp-1 in conparison with the Pl exp and the
presence of an inner seta on the male P2 enp-1 as in the
t ype- speci es.

Actopsyllus sp. nov. differs fromthe type-species in
the position of the Pl enp-1 seta and the setation of the
P2-P5. In the nale, the second segnent of the endopod has
an additional strong seta not found in A |ongipes.

Act opsyl lus also has two rather than three segnents in the
A2 exopod.

As an aside, Cee & Fleeger (1990) identified the
presence of a tube pore on the nmale P3 exp-3 as a conmon
sexual dinmorphismw thin the D osaccidae. They were able
to find tube pores in several species for which the
structure had not been previously reported. Although they
considered it pertinent, they were unable to exam ne any
Act opsyl l us specinens. After careful exam nation, we
could find no tube pore, other pore, nor hyaline spine
present on the nmale P3 exp-3 of Actopsyllus sp. nov.
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Fig. 2.1. Protopsanmotopa sp. nov. Female: A Urosone,
Dorsal; B. Urosone, Ventral; C. Habitus; D. Rostrum
E. Antennul e
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Fig. 2.2. Protopsanmotopa sp. nov. Fermale: A Antenna;
B. P1; C Mxilliped; D. Maxilla; E. Mandible; F.
Maxi | [ul e
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Fig. 2.3. Protopsammotopa sp. nov. Female: A P2; B. P3;
C. P4, D. P5. Mle: E Pl Basis; F. P2 Endopod; G P3
Exp-3; H P5
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Fig. 2.4. Protopsammotopa sp. nov. Mle: A U osone,
Dorsal; B. Urosone, Ventral; C. Habitus; D. Rostrum and
Ant ennul e
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Fig. 2.5. Actopsyllus sp. nov. Female: A Habitus;
B. Antennule; C. Urosome, Ventral; D. Urosone, Dorsal;
E. Rostrum
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Fig. 2.6. Actopsyllus sp. nov. Female: A P1; B.
Antenna; C. Mandible; D. Maxillule (arrow indicates
endopod represented by single seta); E. Maxilla; F.
Maxi | i ped.
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Fig. 2.7. Actopsyllus sp. nov. Female: A P2, B. P3;
C. P4, D. P5. Mile: E. P5; F. P1 Basis; G P2 Endopod
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Fig. 2.8. Actopsyllus sp. nov. Mile: A Rostrum and
Antennul e; B. Habitus; C Urosone, Ventral; D. Urosone,
Dor sal



CHAPTER 3

RESPONSE OF TWO HARPACTI CO D COPEPCDS (FAM LY DI OSACCI DAE)
TO A SI MULATED W NTER STORM

| nt roducti on

The traditional concept of the neiobenthos as
obligate residents of the seabed has given way to the
di scovery that it consists of dynam c communities that
al so can conprise part of the water-colum fauna. This
change in view has |led to the exam nation of the
mechani snms by whi ch nei of auna enter the water col um.
Several studies have focused on the ability of neiofauna
to actively energe fromthe sedinent (e.g., Arnonies,
1988a) and the factors that influence enmergence behavi or
(e.g., Arnonies, 1988b, 1988c; Walters, 1991). Oher
st udi es have exam ned t he passive erosion of neiofauna
t hrough physical processes (Palnmer & Ml oy, 1986; Pal ner,
1992; @uidi-Cuivard & Buscail, 1995). Passive entrai nnent
may be voluntary and thus akin to active energence with
both processes all ow ng nei of auna to escape unfavorabl e
habitats (Kern, 1990). Potential benefits of entering the
wat er colum include relief fromcrowded habitats (Service
& Bell, 1987), maxim zed di spersal (Dobbs & Vozarik, 1983;
Chandl er & Fl eeger, 1983; Pal ner, 1988), greater access to
mates (Bell et al., 1988; Bell et al., 1989), and access
to planktonic food (Decho, 1986; Pace & Carman, 1996;
Suderman & Thistle, 1998). Suspended nei of auna are
passi vely deposited into depressions (Savidge & Taghon,
1988; Sun & Fl eeger, 1994; Fleeger et al., 1995) as are
particles simlar in size to their food (Huettel et al.
1996), so neiofauna that enter the water colum woul d
receive the additional benefit of increased food once they
reenter the seabed. Possible risks of entering the water
columm include expatriation (Palner & Gust, 1985),
nmortality due to predation (McCall & Fleeger, 1995), and
ener gy usage outwei ghing energy acquisition (Thistle et
al ., 1995b).
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Al t hough active energence behavi or has received nuch
attention, the study of passive erosion and particularly
nmei of auna response to flow (i.e., avoi dance of erosion by
burrowi ng or voluntary entrai nnment) has been limted, with
contradictory results (Pal ner, 1984; Pal ner & Ml |l oy,
1986; Foy & Thistle, 1991). Most work on the passive
erosi on of nei ofauna has focused on tidal (e.g., Palner &
Brandt, 1981) or streameffects (e.g., Palner & Gust,
1985). Prior to Thistle et al.’s (1995a) paper, no
experinmental response of neiofauna to storns had been
reported, although storns represent a potentially
i nportant nechani sm of passive erosion (see also Hall,
1994). Wnter stornms on continental shelves in tenperate
regi ons have | arge spatial scales and occur several tines
per nmonth (Sherwood et al., 1994). The flow created by
these storns reworks the layer of sedinent in which
mei of auna predom nantly live (Sherwood et al., 1994; Huys
et al., 1986), leading potentially to the erosion of the
i ndwel I'i ng nei ofauna (Barnett, 1968; Pal ner, 1992).
Mei of auna that all ow thensel ves to be passively eroded
woul d enjoy the benefits of entering the water col um
outlined above. Animals that instead burrow deeper into
the seabed to avoid entrai nnent would not reap these
benefits, but they would avoid the risks of entering the
wat er colum. Moving deeper within the sedinents,
however, potentially brings its own risks such as reduced
food (Joint et al., 1982) and adversely | ow oxygen |evels
(Hi cks & Coull, 1983).

Thistle et al. (1995a) experinentally exam ned the
response of harpacticoid copepods, a nmj or conmponent of
t he nei obenthos (Hi cks & Coull, 1983), to storm
conditions. Their results suggested that, although nost
har pacti coi d copepods do not appear to burrow deeper into
sedinments in order to avoid erosion, the males of a few
species mght in fact nove deeper into the seabed in an
attenpt to escape erosive flow Later work (Bouck &
Thistle, in press) revealed that a “species” that appeared
to avoid erosion in this study actually consisted of two
separate species. The two species are fromthe sane
famly and |l ook quite simlar, although they are not
congeners. Storns are potentially such |arge influences
on nei of aunal community structure and information on
species’ responses is so limted, it seened worthwhile to
reanal yze Thistle et al.’s (1995a) data in light of this
t axonom c di scovery.
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Met hods

In the original study, Thistle et al. (1995a) chose a
field site in the northern Gulf of Mexico, off the Florida
panhandl e (29° 40.63' N, 84° 22.80'W, at 18 mdepth (Fig.
3.1). They defined a 3-m by 10-m plot for study that had
sedi nent conprised of unvegetated, noderately sorted,
medi um sand with <1%silt-clay by weight. This region is
exposed to w nds strong enough to ripple the sedi nent
several tines per nonth during the winter (Decenber -
March), and reworking occurred to depths greater than 3
cm Thistle et al. (1995a) sanpled the sedinent with
hand- hel d corers and found that the bul k of the
har pacticoids were |located in the rewirked |ayer, the
great majority inhabiting depths less than 1 cm They
determ ned the rate of sedi nent erosion during storns at
this site (> 2 mmper 5 mnutes) by converting a field-
measur ed, near-bottom pressure tine series into a peak
hori zontal speed (found to be 35 cms™ during a storm) and
observing erosion at representative speeds in an
oscillatory water tunnel

After confirmng and quantifying storminduced
erosive flow at their field site, Thistle et al. subjected
har pacti coi d copepods fromthe site to either non-storm or
stormflows sinulated in a |laboratory flune to test for a
burrowi ng response to erosive flow. They conducted both a
| ow-speed (non-storn) and a hi gh-speed (storm) run on 6
dates. For each run, two randomy collected, 15.5-cnf
cores were nounted in a |laboratory flume with the tops of
the corers and the sedinent in themflush wth the bottom
of the flume. Al water flow ng out of the flune passed
t hrough a 50-um si eve, which collected the harpacticoids
that had left the cores.

For the | owspeed runs, the cores were subjected to
an average friction velocity (U) of 0.6 cms™. Five
m nutes after establishing the flow regine, the downstream
portion of the flunme was brushed into the 50-um sieve,
whi ch was then replaced with a fresh sieve. This first
si eve contai ned harpacticoids that may have eroded during
the establishnment of the flow regine. After an additional
75 mnutes, the flunme was brushed again, and the sieve was
removed. This second sieve contained harpacticoids that
ei ther had eroded or had actively enmerged fromthe
sedinment. The cores were renoved fromthe flunme and
sectioned in 2-mmincrenents to 4 cm

For the high-speed runs, the cores were subjected to
the |l ow speed for 5 mnutes (after which the flunme was
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brushed and harpacticoids collected as above), then the
hi gh-speed flow regime (average U = 1.9 cms™’) was
established and run for 75 mnutes. During this tine,
sedi nent eroded at a rate of 2 mmper 5 mnutes. Every 5
m nutes, the flune was brushed, the sieve was repl aced,
and the cores were extruded 2 mmto bring the sedinent
flush again with the flume’s bottom Over the course of
the run, 3 cmof sedinent were collected in 2-mm
increments. After the run was conplete, an additional 1
cm of sedinent was sliced fromthe cores in 2-nmm
i ncrenents.

The sanples fromboth runs, either 2-mm sedi nent
sections or sieve contents, were sorted for harpacticoids.
Adults were then identified to working species and

archived. For this paper, | exam ned the archived

har pacticoids previously identified as working species
240, Phol enota cf. spatulifera. | identified them as

ei ther Actopsyllus sp. nov. or Protopsammotopa sp. nov.,
and constructed depth profiles for each sex and run. As
in Thistle et al. (1995a), | used paranetric t-tests for

hypot hesis testing for each species and sex.

Resul ts

To test for mgration deeper into the sedinent, |
conpared the nedi an depths of harpacticoids in both
treatments separately for each sex. | also applied the
Bonferroni procedure for nmultiple testing (total nunber of
tests = 22, including the conparisons nmade in Thistle et
al ., 1995a) to ensure an overall significance |evel of 5%
(i.e., individual tests had an al pha « 0.002 to judge
significance). For the Actopsyllus sp. nov. nmales, there
was no significant increase in depth in response to the
high flow treatnment (paired, 1l-tailed t-test, p=0.141;
Fig. 3.2). Actopsyllus sp. nov. femal es showed no
significant downward novenent during the high-speed
treatnment (paired, 1l-tailed t-test, p=0.202; Fig. 3.2).
For Protopsammotopa sp. nov. nmales, there was a
significant increase in depth in response to the high flow
treatment (paired, 1l-tailed t-test, p=0.001; Fig. 3.2).
This result remai ned significant under the Bonferroni
procedure. The average novenent of Protopsanmotopa sp
nov. males downward was 11 nm Prot opsanmotopa Sp. nov.
femal es showed no significant downward novenent during the
hi gh-speed treatnent (paired, 1-tailed t-test, p=0.191;
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Fig. 3.2). The nedian depths used in the statistical
analysis are given as layers in Table 3.1

During the data anal ysis, Actopsyllus sp. nov.
appeared to occur deeper within the sedi nent than
Pr ot opsammpt opa sp. nov. To test this suspicion, |
conpared medi an depths for each species from4 nonthly
sanples taken fromthe field site during the winter.
Al t hough, for each sanple, the Actopsyllus sp. nov. nedian
depth was greater than that for Protopsanmotopa sp. nov.,
the | ow nunber of sanples produced a suggestive but not
significant result (paired, 2-tailed t-test, p=0.072).
(See Fig. 3.3 for depth profile). The nedian depths for
the | ow speed treatnent can be considered equivalent to
field sanples (Thistle, et al., 1995). Wen the nedi an
depths for each species are conpared with the results for
the | ow speed treatnent, Actopsyllus sp. nov. occurs at a
significantly greater depth than Protopsamotopa sp. nov.
(paired, 2-tailed t-test, p<0.02). The average nedi an
depth of Actopsyllus sp. nov. was 9 mm greater than that
for Protopsamotopa sp. nov. in the lowflow treatnent.
(See Fig. 3.4 for depth profile).

Di scussi on

Reanal yzing Thistle et al.’s (1995a) experi nent
yielded two interesting results. Firstly, two
nor phol ogically sim | ar and phyl ogenetically rel ated
species were found to have different responses to storm
conditions. The relatively shallower occuring
Pr ot opsammot opa sp. nov. mal es burrowed deeper into the
sediment in response to higher flow | evels, but the
rel atively deeper Actopsyllus sp. nov. nmales made no
significant simlar novenment downward. This difference
inplies that for Protopsammotopa sp. nov. males, the costs
of suspension outwei gh the benefits whereas for
Act opsyl lus sp. nov. nmales, suspension is a neutral or
beneficial event.

One hypothesis for the difference in response between
the two species follows fromthe discovery of their
relative stratification within the sedinent. Harpacticoid
vertical segregation has been suggested as a nethod of
avoi ding interspecific conpetition (H cks & Coull, 1983).
Pr ot opsammpt opa sp. nov. may be the better conpetitor,
dom nating a shallower, nore desirable habitat (i.e.
containing nore, higher quality food; Joint et al., 1982)
wi th Actopsyllus sp. nov. forced to a greater depth. Wen
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a stormpresents the opportunity to escape a relatively
poor habitat and exploit a better habitat (i.e. recently
enriched with food; Huettel, 1996) for a brief tinme until
conpetition is re-established, Actopsyllus sp. nov. may
allowitself to be eroded. The costs of suspension nay be
mnimal in conmparison with the benefits of resettling in a
hi gher quality habitat. Protopsanmotopa sp. nov.,
however, al ready occupies a higher-quality habitat and
t hus avoi di ng suspension may be its best choi ce.

Anot her expl anation for the difference in response
may be that Actopsyllus sp. nov. nales reside at a
limting border with downward m gration prohibited by food
and oxygen |l evels. Actopsyllus sp. nov. was present,
however, in deeper sedinent |layers (4-7 cm that were not
included in the experinment’s analysis (Thistle, et al.
unpubl i shed), so a refuge appears to be available to
burrow ng harpacti coi ds.

Finally, experinental artifact may be responsible for
the lack of a significant result in the novenent of
Act opsyl lus sp. nov. The experinent conpared
harpacticoids fromonly the first 4cm of depth. Any
downwar d novenent beyond 4cm woul d not affect the
cal cul ation of the nedian depth for that run. For a
deeper occuring species, such as Actopsyllus sp. nov.,
when nost individuals nove bel ow the experinental ly

i nposed 4cmlimt, a few shallow outliers will have an
undue i nfluence on the cal cul ation of the nedi an and skew
it upwards.

A second interesting result of the reanal ysis of
Thistle et al.’s (1995a) experinent is the difference in
response to erosive flow showmn by Protopsanmotopa sp. nov.
mal es and femal es. Protopsammotopa sp. nov. nales noved
deeper into the sedinment in response to increased flow,
but the females did not. Thus nmales and fermales of this
speci es nust experience different costs and/or benefits
associ ated wth suspension and escaping erosion. Thistle
et al. (1995b) found that suspension had an energetic cost
(i ndi cated by reduced neutral |ipids) for harpacticoid
mal es as a class but not for females. They hypot hesized
that females may either reduce their nmetabolic rate or
feed whil e suspended, whereas nal es do neither because
they are occupied with |ooking for mates. | identified
t he Protopsamotopa sp. nov. individuals from Thistle et
al .’ s (1995b) experinent, matched themw th their

correspondi ng neutral |ipid scores, and found no
significant reduction in neutral |ipids when either nal es
or femal es were suspended. It nust be noted, however,

that many of the runs had no Protopsammotopa sSp. nov.

35



i ndi viduals, so the potential of a Type-Il error is
substantial. Thus the possibility remains that

Pr ot opsammot opa sp. nov. follows the general trend found
by Thistle et al. (1995b) with suspension extracting costs
fromnmal es but not females, and the different responses of
Pr ot opsammot opa sp. nov. males and fenmales to erosive flow
may be due to these differing costs.

The reanalysis of Thistle et al. (1995a) denonstrates
the i nportance of good taxonony in narine ecol ogical
studi es. Several researchers have concl uded that high
taxonom c resolution is not inportant in certain areas of
study, such as pollution inpacts and bi ol ogi cal nonitoring
(e.g., Sonerfield & O arke, 1995; Runpohr & Karakassis,
1999). The use of |ower taxonom c resol ution when
identifying individuals, particularly identification to
famly |l evel, has been proposed as a neans of reducing the
costs of bioassessnent (Hewl ett, 2000; Karakassis &

Hat zi yanni, 2000; Mstri & Rossi, 2000) although the
resulting loss of information concerning species richness
reduces the sensitivity of bioassessnent nethods (Cao, et
al., 1998). In the present study, analysis at the famly
| evel masked differing responses between two species. In
the original study, where the two species were unknow ngly
pooled at the famly level, a significant burrow ng
response to erosion was nerely inplied. 1In the reanalyis,
t he response was shown to be highly significant for one of
the species. High taxonom c resolution was essential for
producing this result.

That species-level analyis is necessary for
under st andi ng the ecol ogy of marine organisns i s becom ng
clearer as nore sibling species are discovered that vary
in inmportant ecol ogical aspects. For exanple, niche
di versification was found to be nore inportant in
mai ntai ning diversity in coral reefs than previously
t hought when nom nal species of coral were discovered to
contain two or nore separate species, each with unique
depth distributions, gromh forms, physiol ogical
characteristics, and/or resident zooxanthellae (Knowton &
Jackson, 1994). Good taxonony affects not only basic
research but also the applications of marine science.

Reef protection and restoration is hindered by poor
taxonony or analyis at | ow taxonom c resolution (Know ton,
2001), and ignorance of sibling species can result in

i nconsi stent recovery of marine conpounds for

phar maceuti cal research (Davidson & Haygood, 1999).

Al t hough good taxonony can be costly and tinme consum ng,
it is necessary for productive research.
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Actopsyllus sp. nov. Protopsammotopa sp. nov.

Average difference in median depth (mm)
»
1
@
|
|

Male Female Male Female

Fig. 3.2. D fference in Harpacticoid Median Depth (H gh
Fl ow Medi an Depth M nus Low Fl ow Medi an Depth) by Species
and Sex. Points indicate average nedi an depth over 6
runs. FError bars indicate +1 standard devi ati on.
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Table 3.1. Median Depth and Nunmber of Individuals for Low
Fl ow and H gh Flow Treatnents for Each Run. \When the
medi an depth occured between | ayers, a single nunber

i ndicating the boundary is given. (e.g. “12” indicates

t he nmedi an depth was between the 10-12 mm and the 12-14 nm
| ayers). \When no individuals were present in one of the
treatnents of a run, that run was not used in the analysis
for that particular sex and speci es.

Act opsyl l us sp. nov. Pr ot opsammot opa sp. nov.
Mal e Femal e Mal e Femal e
Run  Low Hi gh Low Hi gh Low Hi gh Low Hi gh
1 26-28 34-36 30-34 30-34 20-22 34-36 18-20 18-20

5 4 3 7 7 10 4 2

2 26-28 32-34 34-36 30-32 14-16 26-28 — 14- 16
5 3 1 7 8 6 0 2

3 22-24 32-34 12-14 34-36 14-16 22-24 12 24
3 3 1 5 4 37 4 6

4 10-12 30-32 30-32 32 16-18 20-22 20-22 14-16
3 17 5 14 15 9 9 4

5 20-22 2-4 22-24 14-16 6- 8 16 10 22-24
5 2 9 9 7 2 8 5

6 20-22 32-34 12-14 28 8-10 26 — 12-14
5 7 5 6 1 6 0 3
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Abundance

Actopsyllus sp. nov. Protopsammotopa sp. nov.
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Fig. 3.3. Abundances of Adults by Depth Suggestive of a
Deeper Distribution for Actopsyllus sp. nov. than for

Pr ot opsammot opa sp. nov. Data are pooled from four nonths
(Novenber, January, February, and March).
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Abundance

Actopsyllus sp. nov. Protopsammotopa sp. nov.
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Fig. 3.4. Abundances of Adults by Depth Showi ng a Deeper

Distribution for Actopsyllus sp. nov. than for
Pr ot opsammot opa sp. nov. Data are pooled fromsix runs of

the |l owfl ow treat nent.
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CONCLUSI ON

The conclusions of this dissertation follow the
three-part structure of the manuscript. Firstly, the use
of illustration software in species descriptions can
i ncrease the productivity of taxonom sts. Secondly, two
new di osacci ds, Protopsammotopa sp. nov. and Actopsyl | us
sp. nov., were found and described. Thirdly, although
phyl ogenetically related and norphologically simlar,

t hese two di osacci ds showed differing responses to storm
condi tions; Actopsyllus sp. nov. showed no response, but
Pr ot opsammot opa sp. nov. males m grated deeper in the
sedi nent when exposed to erosive flow.
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