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Abstract

The undetached peri trophic membrane of the mysis
shrimp larva (Solcnoccru atlantidis) provides a substratum
on which microbes. organic debris and planktonic organ
isms accumulate. Behavioral. metabolic and biochemical
data indicate that this fecal mass serves as a concentrated
food resource for the larva.

Introduction

In situ observations and experiments with oceanic zoo
plankton. particularly the delicate, gelatinous animals.
have revealed that pelagic f(lod webs are more complex
than had been suspected from data gathered by remote
sampling with nets. pumps and bottles (Ham nero 1977).
For example. pseudothecosomatous pteropods collect their
food by secreting a fragilc. free-floating mucous network
that traps particulate matter flilling downward in the
ocean (Gilmer. 1974). Abandoned larvacean filter-houses
provide a resource fiJr microbes and crustaceans (All
dredge. 1976). Deep-sea. pelagic holoth urians consume
suspended sediments (Barnes ct al.. 1976). At least one
sergestid shrimp locates f(lod concentrations by f()llowing
chemical trails (Hamner and Hamner. 1977). Observations
from a research submersible have indicated that the
planktonic mysis stage of the penaeid shrimp Solcnoccru
atlantidis Burkenroad obtains its diet in yet another un
described manner. In nature the peri trophic membrane of
this larva does not readily separate from the abdomen as
undigested materials arc voided and a microcosm of
exogenous matter accumulates around the membrane
(Fig. I). The f()rmation of this aggregate is probably
similar to that described for marine snow (Trent et al..
1978). The presence of this mass dangling from every in
dividual seen (n> 150) coupled with field observations of
the shrimp feeding on this material. suggested that part or

all of its diet may be supplied by this source. This study
indicates this feeding mode represents a heretofore un
known adaptation for survival in the pelagic environment.

Materials and Methods

Mysis larvae were observed, photographed and captured
at night from a "Johnson-Sea-Link" submersible at depths
ranging from 30 to 300 mover bathyl Bahamian waters
during 1978-1980. Observations were made during 2- to
3-h dives (n= 166) in February, March, May and October
of 1978; June, September and November of 1979; April,
June and October of 1980 in the Northwest Providence
Channel between Grand Bahama and Great Abaca
Islands. In situ photographs were taken with a 70-mm
Hasselblad EL camera fitted with a 40-mm Zeiss I: 4
Distagon lens and a 2-diopter Tiffen, close-up filter. Light
was supplied by two, 400 watt-sec Lumedyne strobe
lamps. Ektachrome 64 and 200 professional films were
used. Individuals were captured by pumping water into
one of 24. 3.5-1 Plexiglas containers. Water temperatures
ranged from 18.2 0 to 28.4 °C and salinity varied from
36.42 to 36.81%0 S.

Each shrimp and its fecal mass was gently transferred

from the 3.5-1 field containers to a small petri dish and
examined with a dissecting microscope. The fecal mass
was carefully separated from the larva and, when ap
propriate f(lr some of the analyses. the exogenous matter
was teased away from the peri trophic membrane.

Chlorophyll fluorescence was measured with a Turner
Model II I fluorometer using standard techniques (Strick
land and Parsons, 1972). Samples were placed on 0.2-,um
Nuclepore filters, rinsed with seawater dilutions and
frozen. All measurements were made within 2 wk after
collection.

Carbon and nitrogen were determined with a Perkin
Elmer Model 240 Elemental Analyzer. Samples were
placed on 0.2-,um silver filters dried at 60 °C for 48 hand
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Fig. I. Solel/ocera allanlidis. The mysis
larva of the penaeid shrimp and its fecal
mass photographed at 150 m in hathyl
Bahamian waters from a "Johnson-Sea
Link" Sli hmersi hie

ashed in a muflle furnace at 500°C for 4 h as recom
mended by Hirota and Szyper (1975). Protcin (6.25 X n)

was measured with both the elemental analyzer and the
tluorescamine procedure outlined by Packard and Dortch
(1975). Protein levels ditfered by less than 0.5% (P<.05.
Student's I-test) tClr replicatc subsamples of material ana
lyzed with these two techniques.

Respiration rates were determined with a YSI
Model 57 dissolved oxygen meter and a YSI 5720A BOD
hottle prohe. Streptomycin and neomycin (25 mg I-I)

were added to air-saturated seawater to minimize micro
hial growth. Oxygen consum ption was measured tClr 12 h
at experimental temperatures ranging from 22°-24°C
(=in silu temperatures).

Caloric values were obtained with a 16-thermocouple
microbomb calorimeter described by Phillipson (1964).
Nitrogen errors were undetectable by the method of
Kersting (1972). A caloric equivalent of 4.825 X 10-3 cal
(11102 )-1 consumed was the factor used to convert meta
holic energy expended to energy units (Brody. 1945).
Ingestion and assimilation were not measured because the
larvae either did not survive well in captivity or quickly
molted into the benthic. postlarval stage. Defecation losses
were transfclrmed to cal d- I by assuming that fecal
material was ingested and assimilated with an efficiency of
65% (Lei and Armitage. 1980).
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Results and Discussion

The spinous larvae occurred most commonly in small, ap
parently patchy aggregations hetween depths of 120 to
180 m. Patchiness was inferred from the total number of
mysis larvae ohserved per 15-min period when the sub
mersible was trimmed to be neutrally buoyant at a given
depth and acted like a night light to attract positively
phototactic zooplankton. Usually two such periods would
ela pse hefclre the first larva was seen and then several
individuals would appear for the next two periods after
which very f'ew additional sightings were noted. Few
individuals were collected or sighted 30 m ahove or below
this region.

When ohserved in nature from the submersible the
larva maintained a vertical posture atop the string of
biogenic material. often five times its body length. by
sculling with its paired. thoracic appendages. Periodically,
the larva quickly flexed its abdomen. forcing the strand
upward and propelling itself downward to a position
where it would surround a section of the mass with its
periopods and apparently ingest a portion of the exog
enous material. Closer ohservations in the laboratory
indicated that. once within the grasp of the thoracic legs,
food items were sorted and crushed in a hasket-Iike trap
formed hy these legs which can restrain active prey such as
cope pods or push relatively large aggregates of material
toward the maxi Iii peds and mandibles. If presented no
other food in captivity. larvae ate most of the mass within
24 hailer collection. When alternately fed a portion of the
fecal material or small copepods and amphipods larvae
exhibited no food preference.

Examinations of undigested organisms in the digestive
tract and the extruded peri trophic membrane with light
and scanning electron microscopy revealed that the mysis
larva consumed a variety of microbes. phytoplankton,
protozoans and metazoans (Fig. 2). These organisms also
occurred in the exogenous matter and are common to
tropical. epipelagic waters. Living phytoplankton included:
Trichodesmium elythraea. Trigonium alternans, Nitzschia
closterium, Cye/otella compta, Odontella aurita, Striatella
unipunctata, Diploneis spp., Mastogloia spp., Grammato
phora oceanica and Rhopalodia musculus. Tintinnid genera
incl uded: Tin tin nopsis, Codonella, Codonellopsis, Fa vella,
Petaloptricha, Epiplocvlis, Rhahdonella, Xystonel/opsis,
Proplectella, Vndella, Dictyocysta and Tintinnus. Fora
miniferans included: Ilastigerina pelagica, Orhulina
universa, Glohir,erinoides sacculi/crus and Glohigerina spp.
Copepod species included: Vndinula vulgaris, Nanno
calanus minor, Clausocalanus ,Ipp., Candacea sp., Farranula
r,racilis and Microsetella rosea. Other recognizable
organisms incl uded: si licoflagellates, dinotlagella tes,
larvacean filters and amphipod appendages.

Fluorescence analyses determined that the fecal mass
contained varying amounts of living and detrital plant
material. primarily the latter (Table I). Active chlorophyll
was more concentrated in the exogenous portion suggest
ing that the shrimp larva can digest plant tissue.
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Fig. 2. Solenocera allanlidis. Scanning electron micrographs showing representative biogenic exoskeletal material found within the ex
ogenous matter and the peri trophic mem brane of the fecal mass of the larva. (a) coccoliths of Emiliania huxleyi and Umbellosphaera ir
regularis, (b) fragments of foraminiferan Hasrigerina pelagica, (c) typically dense assemblage of rod-shaped and spherical bacteria re
tained on a O.2-l-tm Nuclepore filter, and diatom Rhabdonema sp.,(d) thoracic appendage of calanoid copepod among broken remains of
foraminiferans

Carbon: nitrogen ratios of the fecal mass were similar
to. those of fecal pellets from other zooplankton (Turner
and Ferrante, 1979) although the percent carbon and
nitrogen were low (Table I). The level of protein in the
fecal mass, calculated from CH -nitrogen and fluores
carnine analyses, ranged from 3 to 12%. The caloric level
varied from 1.8 to 7.3 cal/mg a h-free dry weight (AFDW).
The smallest values measured occurred in 12-h old defe
cations (= undigested feces + peri trophic mem brane) pro
duced immediately after capture, i. e., 2.1 to 2.9% protein
and 1.2 to 2.2 cal/mg AFDW. All of these data suggest
that the fecal mass could serve as an energy resource.

Respiration measurements indicated that the larva
consumed 2.3,u1 02/mg AFDW /h ±O.l SE. Transforma
tion of these data into caloric equivalents combined with
defecation rate estimates (=cal/mg AFDWIl2-hx
24-h/d x mg AFDW x 0.35) provided a measure of energy

expenditures (Table 2). Subtraction of these losses from
the amount of energy available in the fecal mass produced
an estimate of the energy remaining for growth. Alterna
tively, the number of days that metabolic losses could be
sustained by the energy available in the fecal mass ranged
from I to 21 d (= total mg AFDW of FM x cal/mg
AFDW of FM x (cal/d)-l). Mysis larvae of other penaeid
species reared under laboratory conditions live 3 to 7 d
(Yang, 1975; Hassan, 1980). Assuming the life span of
mysis Solenocera atlan/idis is similar, the fecal mass
contains enough energy for metabolism and growth. These
calculations are very conservative since they are based on
a standing stock estimate of the fecal mass and do not
account for the rate at which biogenic material accumu
lates.

The extent to which the mysis larva feeds on the fecal
mass in nature is unknown. Field and laboratory observa-
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Table 1. So!enocera at!amidis. Chemical composition and metaholic ratc of the mysis larval stage of the penaeid shrimp and chemical
composition of its feeal mass. Mean values±s, are followed hy the numher ofohservations (in parentheses) and ranges [in hrackets]

Parameter measured

total length (mm)

dry weight (mg)/individual

ash (%)

respiration rate
Cui Ozlmg AFDW Ih)

calorie (callmg AFDW)

earhon (%, organic AFDW)

nitrogen (%. organic AFDW)

carhon: nitrogen ratio

protein (6.25 x %n)

chlorophyll a (ug/FM)

phaeopigments (,ug/ FM)

Mysis larva

IS ±O.14(5S)
[17 - 21]

16.35± 1.03 (30
[7.S4 - 26.36]

30.75 ± 1.50 (30)
[19.90 - 50.00]

2.29± 0.11 (30)
[lAS - 3.S4]

4.S5± 0.15 (15)
[3.75- 5.70]

Entire
fecal mass
(FM)

4.55± OAI (50)
[1.71-20.19]

49.S8 ± 0.38 (37)
[45.82 - 54.55]

3.10± 0.18 (47)
[1.77- 7.25]

11.77± 0.35(22)
[9.25-15.55J

1.60± 0.15 (22)
[1.28 - 2.07]

7.3S± 0.06 (22)
[6.14- 8A4]

6.62± 0.25 (61)
[3.13-12.56)

1.066 ± 0.23 ( II )
[0.123 -- 2.749)

4.S20± 1.05 (II)
[0.566 - 12.204]

Exogenous
matter around
peritrophic
mem hrane

2.20± 0.29 (50)
[OA9 - 13.99]

45.63 ± 0.62 (37)
[41.35 - 51.35]

2.73± 0.12 (37)
[1.34 - 4.381

11.22± 0.68 (13)
[6.16- 14.361

IA8± 0.06(13)
[1.12 - 1.80)

7.58± OA2 (13)
[5.33 - 12.14]

5.65 ± 0.26 (50)
[3.13 11.251

1.173± 0.33 (5)
[0.596 2AI21

5.200± 088 (5)
[3.602 - 8.319]

Undigested
ICces +
peri trophic
memhrane

2.35 ± 0.20 (50)
10.52 - 12.851

53.90± 0.72 (37)
[47.34 59.90]

2.31 ± 0.07 (37)
[1.57 - 3.44]

13.05± 0.77 (13)
[8A7 - 17.781

1.68± 0.10(13)
[1.24 - 2A31

7.82± 0.24 (13)
[6.83 - 9.67]

6.0 I ± 0.06 (50)
[3.23 5.191

0.324± 0.04 (5)
10.164- 0.381]

3A57 ± 0.68 (5)
[IAII 5.6231

12-h undigested
feces +
peri trophic
mem hrane

0.51 ± OJ)6 (28)
[0.06 -- 1.25]

53.05± 0.15 (28)
[51.15 - 54.23]

1.70± 0.05 (28)
[1.15 - 2.24]

OAO± 0.01 (28)
[0.33 - OA6J

2A9± 0.04 (28)
[2.09 - 2.88]

Table 2. So!enocera at!antidis. A preliminary energy hudget for the mysis larva. Mean values arc Illllowed hy ranges [in hrackets]. Data
hased on computations with information in Tahle I and calculations descrihed in text of paper

fecal mass energyavailahle energy losses cncrgv rCI11ain in (1 metaholic
<..-./ t:"

respiration + delCcation Illr growth suslenance
(mgAFDW) (cal) (cal d-1

) (eal) (d)

2.27 7.04 2.38 + 0.28 4.38 2.9
[0.S5 - 10.07] [2.64 31.23] [0 28.591 [1-21.3]

tions of feeding indicated that this young shrimp appears
to be well adapted to seize its food. This behavior when
considered with the f~lct that the larva has never been

observed without the mass suggests the larva may selec

tively nlrm the algae and organic debris that adhere to the

peri trophic membrane. The only other published example
of sueh behavior is that of a small gammaridean amphi

pod Dulichia rhabdoplastis, which lives symbiotically with

the sea urchin Srrongylocenirotus./ranC'iscanus. The amphi

pod constructs a string from its fecal pellets, attaches the

string to the spines of the urchin and farms the algae

which attach to the string (McCloskey, 1970). The mysis

larva may also capture small zooplankton that feed on this
concentrated f()Od source. These behavioral observations

and probable feeding tactics in conjunction with the
metabolic and biochemical data presented provide an-

other exam pIe of how woplank ton have adapted to
survive in an apparently resource-limited environment.
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