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LIFE HISTORY AND PREDATOR-PREY INTERACTIONS OF
THE NEMERTEAN PARANEMERTES PEREGRINA COE

PAMELA ROE:!
Department of Zoology, University of IWashington, Seattle, Washington 98195 2

This study concerns the life history of the predatory nemertean Paranemertes
peregrina Coe, predator-prey relations of . peregrina, testing of predator strategy
models, and a consideration of the effects P. peregrina has on community structure.
P. peregrina occurs from Ensenada, Mexico through the Aleutian and Commander
Islands (Coe, 1940), and also in Japan (Yamaoka, 1940). It lives in both muddy
bays and rocky intertidal areas, and eats polychaetes (Roe, 1970).

Nemerteans are common in intertidal areas of temperate regions. Most are
carnivorous (Coe, 1943) and, because of their size and abundance, may be im-
portant organisms in marine communities. No complete investigation of the feed-
ing ecology of a free-living nemertean has been done, and since the great majority
of nemerteans are free-living, such a study should add greatly to the knowledge of
the phylum.

MATERIALS AND METHODS

Three study areas were chosen : two mud flats on San Juan Island, Washington,
and the ballast along the ferry landing at Edmonds, \Washington.

The study site at Snug Harbor, Mitchell Bay (48° 34’ 9.5” N, 123° 9" 48" W),
San Juan Island included the area between —0.2 m and —0.4 m, where P. peregrina
was common. (A tidal height of 0 equals mean lower low water, as recorded in
the U. S. Coast and Geodetic Survey Tide Tables.) The fauna contained mainly
polychaetes, tanaids, and thalassinids, plus much ulvoid algal cover most of the year.
Only the superficially dwelling polychaetes, with certain exceptions, were available
as prey for P. peregrina, and included the nereid Platynereis bicanaliculata, the
hesionid Ophiodromus pugettensis, the opheliid Arnandia brevis, the spionid Scole-
lepis fuliginosa, syllids, polynoids, and phyllodocids. Polychaetes living in deep
tubes included the nereid Nereis wexillosa, lumbrinerids, terebellids, maldanids.
glycerids, nephtyids, ariciids, and dorvilleids.

The study area at Garrison Bay (48° 34’ 57" N, 123° 9’ 17” W), San Juan
Island, \Washington, extended from —0.1 to —0.5 m. Polychaetes and many clams
comprised the major infauna and algae were much less common here. Polychaetes
included the superficially dwelling P. bicanaliculata, A. brevis, O. pugettensis,
syllids, at least five species of spionids, and phyllodocids; plus deeper dwelling
N wexillosa, lumbrinerids, terebellids, maldanids, glycerids, cirratulids, ariciids,
sabellids, and oweniids.  Aglaja diomedea (cephalaspid gastropod), common at both
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mud flats, attained high densities in sunmmer and overwintered as juveniles just
below the mud surface,

The study area at Edmonds, Washington, (47° 48 127 N, 122° 22" 56" W)
consisted of boulders 1.5 to less than 0.3 m high, piled along the north face of a ferry
landing.  Tide level was from +2.1 m at the top of the highest rock to about
+0.2 m at the top of the lowest. Boulders were covered with a thick coat of
Balanus cariosus and Mytilus edulis.  Syllids (Tvposyilis sp.) were most common
in clumps of larger barnacles, and mussels and spionids (Boccardia sp.) were most
abundant in cracks between small barnacles.  Other polychaetes included phyl-
lodocids, lumbrinerids, the chrysopetalid Paleanotus chrysolepis, polynoids, and
very few nereids,

In Washington lower low tides between September and January occur during
hours of darkuess; those from April through July occur during daylight hours.
February, March and August have both daylight and nighttime lower low tides.
Most field work was carried ont during lower low tidal periods from April, 1968
through August, 1970,

Densities of active P. peregrina were determined by counting numbers/m? in
randomly selected (or all) square meters along transects on the substratum surface
duriug the time of maximum nemertean activity (within an hour after the tide
recedes). Transects were chosen haphazardly with respect to nemertean densities.
If few worms were active, all worms seen were counted and collected. Each
month the numbers/m® of active nemerteans in each of five permanently marked
10 X 4 m® mud flat areas were counted to get density measures through time in
given places.

In alternate months four { m® mud samples from each mud flat were dug, the
numbers of P. peregrina on the surface were counted, then all nemerteans in sieved
mud were counted to determine total density. The per cent of active worms was
determined by dividing the number on the mud surface by the total number. Since
sieving mud was so time consuming, not enough samples were taken to get statis-
tically significant results,

IFor size-irequency studies, the first 50-100 worms were collected from the
density transects each month. 1In the laboratory their length and width were
measured after allowing each worm to extend to its normal crawling length; their
sex was determined by observing gametes through the ivory colored venter,

To determine what . percgring had been eating, another 50 worms (also along
the density transects) were collected each month. After being brought to the
laboratory, these worms were immediately isolated into small jars, half full, of clean
sea water, and after 48 hours were measured, sexes were determined, and facces
were identified and preserved in 709 alcohol. Faeces of P. percgrina are easily
identified bundles of polychaete setae and jaws in mucus.

Nemerteans used for measurement and faecal analysis were returned within a
few days to approximately the places within the study areas from which they were
collected. Areas were cleared of I’. peregrina to study movement and total densities,
To measure growth and movements, individuals dyed with neutral red (making the
white ventral streak pink) were put into permanently marked areas. Every month
the number of marked worms still in or near the given square meter were counted,
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collected and measured, and returned to the same m?  The ventral streak remained
pink for at least eight months,

Population densities of the major prev, Platynercis bicanaliculata, were deter-
mined during alternate months at Snug Harbor and Garrison Bav. Mud was col-
lected into numbered jars (20 em? surface area at opening) or plastic freezer con-
tainers (surface arca 100 em®) at regular intervals throughout the study area. In
the laboratory, the contents of the containers were emptied with sea water into a
pyrex dish and agitated until all nereids swam to the surface of the water. They
were counted and collected, and nereids from the samples with the most nereids
were preserved in 70% alcohol.  The preserved nereids were later measured for
size frequency analysis.

Other prey species’ densities were determined as follows : specimens of Armandia
and spionids were counted in most of the nereid samples. Very few spionids were
seen an these samples, so in August, 1970, all the spionid tubes seen per 1/100 m?*
while diving at high tide at Snug Harbor were counted.  Nereis verillosa densities
were estimated from the numbers collected in { m?* mud samples taken for total
P. peregring counts. At I<dmonds, barnacles and mussels were scraped off small
patches of rock, and i the laboratory the volumes of the clumps were determined,
and they were broken apart and the polychaetes found were counted.

To determine activity periods of P. peregrina dives using S.C.U.B.A. equipment
were made at each study area, day and night, and at all tides except lower low tide
to see 1f, and how many, nemerteans were active other than when uncovered at lower
low tides.  The dispersion pattern of P. peregring was determined by the method
described by Pielou (1939), using the formula =D @ = a.

During several low tides the behavior of the animals was observed, especially
with respect to foraging, feeding, time required to feed, and movements. Ior
Lehavioral observations artificial mud flats were made in shallow concrete outdoor
aquaria.  The aquaria were about 1 m® in size, and each contained a wooden frame
about 3 cm smaller per side than the aquarium. \Water came through hoses above
the aquaria, and a plug at the bottom of each aquartum outside the wooden frame
could be pulled for “low tides.” Because of the inner frame, water had to percolate
through the mud while the mud flat was draining; it did not simply run off the
surface of the mud. Nemerteans responded as if there was a real low tide when
water was thus forced down through the mud on its way out. The activity cyeles
of individual nemerteans were observed in these small mud flats.

Two similar indoor mnd flats were also made and kept going for ten months.
One contained nereid food for the nemerteans but no “low tides” were made, to
determine if P. peregring would eat under water. The other contained no nereid
food and was established to determine how long specimens of . peregrina can with-
stand starvation. In both experiments, running sea water was used, and no data
were collected to determine if nemerteans absorbed dissolved food from the water
‘tself. Nemerteans from each flat were removed once each month, measured,
shed, and then returned.  Jaws of nereids that were consumed in the natural

of P. peregrina were collected from the faeces and measured using a cali-
br: ompound niicroscope.

a

cratory feeding experiments were done in two ways.  Iirst, adult nemerteans
do mot feed very well if simply Teft in a container with prey; prey must be placed
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directly in front of a nemertean’s head before it is recognized as prey. Each day
adults were presented with as many nereids as they would cat and results were
recorded.  Secondly, young nemerteans will eat if enough nereids are included in the
container to be detected. For a vear three juvnile nemerteans were grown in pint
jars with nereids in a refrigerator kept near 7° C and the number of nereids eaten
was recorded.

Diversity of prey species was calculated as 71/ = —(n; /) In (n;/N) (Pielou,
1966). Significant differences in H’ were determined by the method of Pielou
(1966).

Dietary selectivity was calculated by applyving Iviev's (1961) “electivity coeffi-
cient.”  This coefficient, E, 1s a ratio of the amount that a food type is eaten to its
abundance or availability, /2 = (i — pi), (ri + Pi).

OBSERVATIONS AND RESULTS
Population life history of P. peregrina

Lengths of P. peregrina are correlated with dry weight (r = 0.77, P < 0.001),
but length X width (area, mm?®) is more highly correlated with dry weight (¥ =0.93,
P <0.001) and this index is the size unit used throughout. Linear regression of
length X width on dry weight is: area = 2.11 dry weight + 50.33. Figure 1A and
B gives sizes of P. peregrina throngh time at Garrison Day. Roe (1971) shows
sizes of individuals through time at Snug Harbor and Edmonds and sizes of Garrison
Bay individuals during other months.

Gamete production. The presence of developing eges and sperm can be deter-
mined 3—4 months before the gametes are ripe.  In all three populations the total
number of females significantly outnumbered the total number of males: Snug
Harbor, 452 females, 196 males, x* = 101.1, > < 0.005; Garrison Bay, 103 females,
52 males, x* =179, P < 0003; l‘(lm(md\ 147 females, 29 males, x* =791, P <
0.005. Even during the peak spawning seasons females outnumber males about
two to one (I'ig. 2: see Roe, 1971 for more detail). At Snug Harbor and Garrison
Bay part of the population consists of non-ripe animals at peak spawning periods
also (Fig. 2; Roe, 1971).

Spazening. The major spawning season for all three populations is spring or
summer, and minor spawing periods occur throughout fall and winter in the mud
flat populations (Fig. 2 for Snug Harbor; Roe, 1971, for Garrison Bay and Ed-
monds populations). At Garrison Bay the major spawning period is in April, and
a few worms spawn in November (Roe, 1971). At Sunug IHarbor most spawning
occurs in June, with some also in November (Fig. 2) : and at Edmonds spawning
occurs in March and April only (Roe, 1971). The major spawning season for each
population usually lasts about a month; spawning is not higly synchronous within a
population; and the dispersion pattern of 7. peregring is random during spawning
season.

Eggs and sperm are shed through temporary gonopores along the dorsolateral
surfdces of adults. In the laboratory, spawning sometimes resulted in death of the
adult.  Adults kept after spawning lived for six weeks and then died from poor
laboratory conditions.

Coe (1940, p. 280) said, “gelatinous clusters containing many ova (are) de-
posited during the warmer months of the year,” by I’. peregrina.  Although spawn-
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I'icure 2. Per cent of the Paranemertes peregrina population at Snug Harbor comprised
by males, females, and nou-ripe animals each month. Large arrows indicate major spawning
periods ; small arrows indicate mior spawning periods.

ing was not observed in nature, the eggs of those that spawned in the laboratory
did not form gelatinous masses.  Extensive examination of all types of egg masses
observed at both Snug Harbor and Garrison Bay showed none to be nemerteans.
Single eggs of . peregrina were also collected i the plankton of Mitchell and
Garrison Bays i June, 1969. So, at least in the areas used for this study, P.
peregrina spawns eggs and sperm into the seca.

Development. Eggs are yvolky and about 235 p in diameter ; with the fertilization
membrane and jelly coat, 650 . They are Dlastulae in 30 hours. Larvae start
swimming within the jelly case after about two days and hatch the third day when
kept near 10° C. 1In two weeks the accessory styvlets and basis rudiment of the
proboscis have formed. There is continwous change from a ciliated tear-drop
shaped, weakly swimming larva with two anterior flagella to an elongate, muscular,
benthic form. Gradually, the tiny worm spends more and more time on the bottom
until finally it cannot swim any longer. Larvae can stay in the plankton for at
least eight weeks, but develop faster if food is available. The cultured worms started
feeding in the laboratory on 3-segmented specimens of Platynereis bicanaliculata
(about 0.2 mm long) when they were about one month old and less than 1 mm in
length.  Spionid larvae were also offered as possible food, but juvenile specimens of
P peregrinag were never observed or induced to eat one.  Although larvae were not

vecifically examined for food, those vounger than about four weeks were never seen
with any food material in the developing gut. Tt is assumed that they live on yolk
reserves until they start feeding on polychaetes.  Young specimens of Nereis wevil-
losa quickly grew too large to be eaten by nemertean juveniles and showed the
tvpical nereid swimming escape response to . pereyring (Roe, 1970), even when
the nemerteans were still in the flagetlated swimming stage. IEven as one-month old
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TapLe |

Growth of three individuals of Paranemertes peregrina in the laboratory.

Size
Date S L Number of animals
measured
Area (I X w, mm?) Leng(ly
June 23, 1969 0.3 mny, egg diameter g
August 11, 1969 = 0.15 1
August 21, 1969 — 0.4 1
October, 1969 <7,6, <7 0.7, 1.1, 0.7 3
November, 1969 12.5, 13.5, 20 2.5,2.7,29 3
December 7, 1969 16.5-23.1, 36 3.3, 4, 3.3 3
December 17, 1969 41.6-16.8 5.2,8.2 2
December 24, 1969 52, 54, 51 5.2, 5.4, 5.1 3
January 15, 1970 46.2, 32, 54 4.2,5.2, 54 3
January 24, 1970 549,582, 75 6.1, 6.5, 6.8 3
February 20, 1970 65-70 6.5-7 1%
February 27, 1970 112.5-120 7.5-8 1
March 8, 1970 120 S 1
March 22, 1970 ca. 135 9 1
April, 1970 ca. 180 12 1
May 24,1970 285 15 1
June, 1970 310-350] 1416 e

* Largest of three young animals died February 8, 1970; it was already developing eggs when
it died.  One of the other two died in June, 1970; it quit feeding or growing in February, 1970,
and became a ripe male.

** The third animal lived until December, 1970, at which time she spawned eggs and fragmented.
In July, 1969, she pinched off part of her tail, so growth was not recorded thereafter.

worms less than 1 mm in length, . peregrina has the strong food preference for
nereids present in the adults; likewise, nereids show the escape response to P.
peregring throughout their lives. That the escape response is species-specific was
reaffirmed when 3-segmented nereids showed aggressive rather than escape behavior
toward a 2.5 mm specimen of Zygoneniertes virescens.

Growth. In the laboratory three nemerteans were grown from eggs starting on
June 23, 1969, until their deaths (Table T). They exhausted their food supply at
the end of August and were not fed again until mid-October.  Then they grew
about 1 ¢m in length per month from October through March, 3 cn per month for
the next two months, and then stopped. The sole survivor was 15 em long at the
end of a year (Table I). After the initial slow growth when they did not have
food, the sizes of these laboratory-grown worms corresponded with the sizes of
young in nature during the fall (Fig. 1A, September and 1B, December).

Adult nemerteans can also withstand periods of low food. The 14 nemerteans
in the indoor artificial mud flat that contained no nereids generally lost weight and
erew smaller each month, but one was still alive aiter nearly 7 months (October 1
to April 29). The average arca decreased irom 100 mun® for 14 worms in October
to 58 mm? for 2 worms in Deceniber. Two worms collected in March averaged 74
mm?; they were probably among the largest animals in October. The average
weight decreased from 109.3 mg in October to 68.7 mg in December. The two
March worms averaged 89.2 mg (Roe, 1971 for details of each month).
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Fieure 3. Per cent of Garrison Bay Parancmertes peregrina population comprised by each
year class. Vertical solid lines indicate periods of recruitment and increased density. Vertical
dashed lines indicate periods of adult mortality.

Recruitment and age classes. Young worms produced at the peak spawning pe-
riods of April (Garrison Bay) and June (Snug Harbor) are apparent in the fall
population.  Worms produced during minor fall and winter spawning are easily
seen in spring.  Since the voung are usually lighter in color than adults, the per
cent of the population that is light-colored can be used as an estimate of recruit-
ment. At Garrison Bay small Light animals comprised 26% of the population in
September, 1968, and about 229 in October, 1969. At Snug Harbor recognizable
(small, hight) young constituted 6.1 and 8.4 per cents for 1968 and 1969, but the
Snug Harbor population also had many small, dark members. Since it was dif-
ficult to determine with certainty the ages of the small, dark worms, although in
the same size classes as the recognizable pale voung, these figures are probably low
(see also Roe, 1971).

Juveniles gradually get darker as thev grow, and by March or April it is dif-
ficult to distinguish them from adults of previous vears. Figure 3 shows the pro-
portion of the Garrison Bay population comprised by each year class, from study
f nemertean growth rate in the laboratory and that of young nemerteans in nature

ce also Roe, 1971).
Life span and wmortality. 1f they survive larval settlement, almost all members
1 flat populations of . peregrina live about 1.5 to 1.75 years. Worms pro-

du i the spring probably reproduce the following spring; and those produced
m . the following winter. If a worm spawns more than once, it is probably

one that has outlived the average life span. Indeed, at Snug Harbor there is a
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refuge near the —0.2 m1 tide mark where several large, old worms reside, and most
worms 13 cm and longer seen in November—December were ripe.  Light colored,
small, voung but ripe worms were also seen at Garrison Bay in the fall.,

Mortality of P. peregrina was observed in nature only on very hot days when
the lower low tide was just past noon; then only a few nemerteans were dying.
Sonte animals also die after spawning. Size-irequency analyses (Iig. 1A, B) for
the Garrison Bay population show sudden decreases in the numbers of large worms
i fall or winter.  Causes for these mortalities are not kinown.  The gastropod
Aglaja diomedea was observed to prey on P. percgrina (see also Gonor, 1964).
However, Algaja is only large and conmmon in summer when nemerteans are also
large. Even the largest .. diomedca cannot eat an average sized adult P. peregrina ;
it can only bite off a picce of tail. slglaja is also active at high tide, when the ne-
merteans remain underground. Tt is possible that . diomedea has an effect on
the numbers of small 2. peregrina recruited, but it seems unlikely that it has much
effect on the adult population. At Garrison Bay 2.7% of the P. peregrina popula-
tion consists of worms with regenerating posterior ends; at Snug Harbor it is 3.1%,
and at Edmonds, 3.59. These percentages are biased downward, as regeneration
was not always recorded, but the numbers of regenerating worms are few. slglaja
does not occur at Edmonds.

Another possible cause of wortality is parasitism by gregarines, although para-
sitized nemerteans appeared healthy.  Twenty-six per cent of the Garrison Bay
population had gregarine cysts in the faecal material. At Snug Harbor the average
mfection percentage determined from faecal analvsis was 0.3% ; and at Edmonds,
7.95% . In February, 1969, small pieces of gut tissue dissected from 17 Garrison
Bay animals showed 88.29 were actually infected. Studies on the gregarine life
cyele or on how nemerteans become infected were not done.

Population density. TFrom nuuibers of nemerteans in twelve I m?* mud sam-
ples. it was estimated that 979 of the worms are active during the peak activity
period of low tides in good weather during night tides at Garrison Bay. The total
number/m? for Garrison Bay night tides is estimated per month as average density
at low tide/0.97 (IFig. 4). In daytime summer low tides, ten samples of sieved
mud yielded four inactive P. peregrina; two nemerteans were active in these areas.
Jecause numbers were both low and variable, T was unable to determine with con-
fidence the total number/m?® for sunnmer months. In spring, when lower low tides
are in the afternoon, Garrison Bay nemerteans are not seen on the mud surface at
low tide. By June, when these tides are in early morning, large (adult) worms are
again seen in abundance (about 3/m?). It is concluded that the nemerteans re-
main under the surface in spring since animals in June are adult size (Fig. 1B)
and since P. peregrina does not usually move great distances (see section below on
movements).

At Snug Harbor 70% of the nemerteans seen during night low tides (14, 1 m?®
samples) and 30% in daytime low tides (32, 1 m? samples) were estimated to he
active during peak activity periods of these tides, with total number/m?® each month
heing the average density at low tide/0.7 (night tides) or /0.5 (day tides) (Iig.
5). The summer estimates of the percentage of active worms may be low, as mud
was sieved on days wlien few worms were active. These irregularities should he
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Freure 4. Mean densities (number/m?) of Paranemertes peregrina at Garrison Bay. A)
shows fall recruitment of juveniles from eggs spawned the previous spring; B) major mortal-
ity period of adults; C) spring recruitment of juveniles from eggs spawned the previous fall;
and D) low densities due to animals staying under the mud surface, not mortality. Vertical
lines along dashed line are = one standard error from the mean. N is the number of 1 m*
quadrats in which Parancmertes numbers were counted. Estimates of total density were cal-
culated only for September 1968 to March 1969.

remenibered during consideration of density information. At Edmonds only the
numbers of active worms were counted (Roe, 1971).

At Garrison Bay (Fig. 4) aund at Snug Harbor to some extent (Fig. 5) den-
sities were highest in late summer and in fall, when both adults of the previous
vear and recruits from the previous spring or summer spawning seasons were pres-
ent.  Adults die in late winter (Fig. 3) reducing densities (Figs. 4, 5), but winter
recruits add slightly to the populations then (Fig. 1A, B, small individuals seen in
pring). At this time there is also replacement of the adult population by the
nresent vear's recruits, themselves reaching adult size (Fig. 1A, B).

Spring and sumimer are the most stable periods within each year with respect

sity (Fig. 4) ; populations consists mainly of a one-vear class (Fig. 5) and
ther little mortality then. At Edmonds, such patterns were not determined.
The number of active nemerteans depends strongly on weather conditions.  Den-
sity measures in this higher intertidal area fluctuated too much for patterns to be



















































