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1. Iniroduction
Fossil jellylishes or scyphozoans have been reported from the Cambrian to
Recent strata (MOORE, LALIGKER aud FiscHER 1952). The process by which these
delicate creatures have been preserved as three dimensional casls or molds (Har-
RINGTON and MoORE 1955, van GUNDY 1951) 1s an intrigning question. Observation
of jellyfish in present day seas may lead to a better underslanding of preservation
processes.

2. Observalions

In January of 1958, several days after a severe storm which had caused the
waters in Aransas Pass, Texas, to rise 3.2 feet above normal high tide level, the
authors observed a series of small depressions in beach sand at the end of Saint
Joseph Island. Location of this area is shown in fig. 1. The impressions were most
abundant in an area several feet above normal high tide level and more or less
formed a band about 20 feet wide which extended almost the full length of the
beach (figs. 2—4). Remains of the jellyfish Stomolophus meleagris L. Acassiz in
various stages of decomposition were found in several depressions, and the remain-
ing depressions were easily recognizable by their shape as having been formed by
Slomolophus (figs. 5——18). This jellyfish occurs in large numbers seasonally in the
vicinity of Port Aransas and because of its shape is commonly called ‘‘cabba-
gehead”.

At first, all the depressions were thought to have been formed by jellyfish which
had been partially covered by sand. Further inspection, however, revealed that
many depressions were the result of a caving in of sand over jellyfish which had
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Tig. 1. Sketch map showing Iocation of study area.

been completely buried by an inch or more of sand. Excavation of the sand within
the 20-foot wide band revealed Stomolophus, whose presence was not indicated by
surface depressions, buried 2—3 inches below the surface. Completely and partly
buried jellyfish were also found at the water’s edge. Surface depressions were
nol found either at the water’s edge or in the shallow offshore water. Flattened
films representing dehydrated remains of Stomolophus occurred on the beach above
the band of depressions (figs. 15-—16).

The shape of the depressions indicated that most of them had been made by
Stomolophus deposited on their sides. However, in some cases specimens had
apparently been buried in an upright or inverted position. Buried and partially
buried jellyfish in various stages of decomposition were also found in all attitudes,
but mostly on their sides. Orientation of the jellyfish which was not random
(fhg. 21) was probably a consequence of current direction.

Partly decomposed jellyfish occurred in distorted heaps several feet from
impressions they had formed. Bird tracks around the impressions indicated that
this was done by gulls. Edges of these molds were broken. This probably took place
when the gulls pulled at the interred jellyfish (fig. 17).
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The beach on which these observalions were made was approximalely 50 feet
wide at Lhe time of meagsurement. During the sltorm, waler had apparenlly com-
pletely covered the beach for sand dunes al the back ol the beach had heen recently

eroded. An approximately 3 fool drop in level occurred
from the base of the sand dune to the water’s edge, an
average slope ol about 3 degrees. The slope of Lhe beach
was nol unilorm, heing steeper both above the depression
zone and seeward ol a berm which was localet aboul 10
feet from the waler’s edge. A thick wrack of seaweed
formed the crest of the berm, The wrack was composed
largely of the *‘seagrass’ Diplanthera wrighlvr, and algae
such as Gracilarin blogellii, Graeiaria erassissima, Graci-
Iuria foliferu, Digenea simpler, Lawrencie poiler, and
Spyridia. aculenta. These species are common in Lhe
bays of this region.

A sample of sand Trom the depression zone was
analyzed mechanically and had characteristics tvpical
of beach sands along the Gull of Mexico (Table 1).

Table 1. Parameters of Beach Sand from Depression
Zone on Saint Joseph Tsland?)

Mean Size: 2.95 = (fine sand)

Standard Deviation: 0.30  (well-very well sorted)
Skewness: 0.00 (symmetrical)
Kurtosis: 0.50 (Mesokurtic)

1y Analysis made by Harvey Blatt, University of Texas.

The beach was revisited aboul lwo wecks after the
initial observation on a day following a heavy rain.
Depressions were no longer in evidence. All that remai-
ned to indicate the location ol former depressions were
greenish patches where algae were apparently being
nourished by the decomposition produnets of the jellyfish.

3. Discussion

Two conditions which increase the probability of an
organism being preserved in the geologic record are for
the organism to occur in large numbers, and to be
quickly burjed after death. These conditions are much
more important for solt bodied organisms such as jelly-
fish than for animals with hard parts such as clams and
brachiopods.

The abundance of jellylish In present day seas is
probably nol realized by many paleonlologists. These
animals al times oceur in phenomenal numbers, e. g.
HepGrETH (1954, p. 277) estimated Stomolophus nelea.
gris to be drifting through Aransas Pass at the rate ol
2 million an hour on September 20, 1948. According to
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HNepareru, “The bobbing while domes of jellylish seemed to be packed almost solidly
across Lthe 800-yard width of the channel”. Occasionally, 5. meleagris is caught
by the tou in shrimp trawls in the Gull of Mexico (Hepcrrra 1954, p. 277) and
has been suflicientlv abundanl off the west coast of Florida to inlerfere wilh
commercial fishing (HELLIER 1958, personal communication). Stomolophus meleagris
is not restricted to the Gulf of Mexico but is also abundant in bays and lagoons
cl]ui'lg the 'TbXaS Cuast. ThiS Sp"‘c.ldb' in d]Su COLinoI alung ”1\1 coast uf Nu'nth ‘(lul'l
South Carolina, Georgia, and Florida, and is found along the northern coasl of
South America (Maver 1910, p. 711). The occurrences of jellylish as fossils,
although scarce, probably indicale that they were also very abundanl in the
geonlogic pasl.

S.aneleagris like many jellyfish are free-swimming and are capable of moving
against, as well as wilh, waler currents. If they should, howm-er, venture inLo
very shullow wator whers llm'l are l'-nrrr}' |wrmg,-'|| and touch bottl iy thew
unable to navigate and are al the mercy of currents. A situation such as lhls
exists on sand beaches where stranded Je]lyhsh have been reported from many
parts of the world (ScHArER 1941). Receding tidal waters often leave jellylish
behind to decompose on the beach. Bronuersya-Sanpers (1948, p. 974-—989) in
Lier comprehensive catalogue of mass morlalities which have Laken place al sea
lists stranding by receding lides and by being casl npon the beach by severe storms
as Lwo eaunses of mass morlalities of fish and mollusks. It is quite likely thal
drifting jellyfish also accumulale on beaches in especially large numbers alter
severe slorms.

It is evidenl that so far as abundance of individuals is concerned jellyfish
Yavs vood pecbabilivy of Vet presceved, and thet they seeur },L.uuyu iy preatest
abundance along beaches. The second condition necessary to increase the pro-
bability of preservation, that of quick burial, has been shown by the observations
reporled shove to have vecurred ar 4 beach during; or inocediately after 2 sovers
storm. The process by which the jellylish may have been buried will be discussed
in a following section. To summarize, on a Saint Joseph Island beach afler a
severe storm jellylish were abundant and were being buried, thus [ulfilling two
condilions which increase the probabilily organisms being preserved.

A third condilion which inercases the probabilily of an organism becoming a
fossil is that the sediment in which the organism has been buried remains intact,
that i, nob rewoslicd Lefore Nithiticalion. 1o this separd, o sand budeh eates wors
low as a situation favorable for [ossilization. As expressed by SHEPARD (1948, p. 80),
“Few things give as false a concept of permanence as a broad beach on a calm
sumner day” Teacl sards are conticu_usly being rowcrked Ly both wind and
water currents and, therefore, are unlikely places for fossil formation. A point
in favor of the becuh as an environment where organisms might be preserved
is ils ubiquity. Sand beaches form nmeh of the periphery of oceans and seas which
have transgressed and regressed on and off the coutinents many titres during the

Tlig. 3 (above). Photograph of beach showing scawced wrack. Molds were present in their greatest
abundance in zone between seaweed wrack and strand line evident in upper left corner of photo-
graph,

Tig. 4 (below). Photograpl of zone containing greatest abnndance of mnolds and buried jellyfish.

Jellyfish were distributes in the manner shown in photograph thronghotit an area about 20
feet wide paralleling the waters edge.




Above: fig. 3; below: fig. 4
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geologic past. Geographical areas that were not at one time or another the localion
of a beach are probably cxtremely rare. This situation increases the probabilily
of organisms buried in beach sands being occasionally preserved.

During severe storms organisms may be deposited and buried above the normal
high-tide level, e. g. the buried jellylish deseribed in this paper. Organisms buried
al this lovel of the beach are less likety to be disturbied by normal tide levels. This
increases somewhat Lheir chance Lo be preserved.

The hypothesis is here advanced thatl fossils of jellyfish and other sofl-hodied
animals, including the remains ol whole fish, might he relics of organisms buried
in a beach environment. The fact that severe storms cause both high water and
mass mortalities, which supply an abundance of organisms subject to burial above
the high tide level, is considered to strengthen this hypothesis.

4. Burtal Process

Mexarn and Boveor (1951) describe a mechanism by which shells may be
buried in sand. In essence, a water enrrent seours sand from around Lhe shells
and the shells setlle into the scoured hole (sce fig. 19). If erosion of sand prevails,
the sliell remains exposed, whereas if deposilion prevails, it is covered. The process
by which Lie Stomolophus were buried appears to be similar to the above acconnt
of shell burial. Although jellyfish were observed in all stages of burial, a complete
burial from start to finish was not observed. The probable order of events leading
to complete burial is as follows: 1. A jellyfish drilts into shallow water where il is
parlly emergent. At this point Lhe eflective weight of the jellyfish is inereased
so that further movement requires larger currents; 2. Water currents concenlrate
al the edges ol the jellyfish and scour a hole aronnd and under the jellyfish and
it seltles into thie hole (figs. 22, 23); 3. Sand eroded Irom the upper beach or samd
dunes in back of the beach is deposited on top of the jellyfish causing complete
burial.

5. Mold and Cast Formation

In order to gain insight as to whether the molds may also have been present
under the off-shorc water, a large Stomolophus was cut in half and cach half
buried in a jar of sand. The sand was collected from the Saint Joseph Island
beach where so many jellylishi hacd been found buried. One jar was filled with
water, whereas the other was left in the original damp condition. The jellyfish
covered wilth water took about 10 days to collapse completely. As it slowly shrunk
in size, sand from around the specimen Jilled in the space 1eft by Lhe jellyfish.
AL the end ol 10 days only a slight, inverted cone-like depression at the surface
of the sand markes the former Jocalion of the jellyfish. Slight agitation ol the
waler caused the surrounding sand to fill up the depression so that there remained
no evidence of the animal’s former position except for a blackening ol tlhe sand
which lasted several months. The half of Stomolophus buried in damp sand com-
pletely collapsed in about 3 days, but a mold reflecting the oviginal shape and

iz, 5. Jellyfish mold, St. Joseph beach. Fig. 6, Jellytish mold, St. Joseph beach. Tig. 7. Jelly-

fish mold containing decomposing jellytish, St. Joseph Island beuch. Fig. 8. Jellvfish buaried

in sand, St. Joseph Island beach, Fig. 9. Two jellvfish buried in sand, St. Joseph Island beach.

Fig. 10. Partly buried jelytish, St Joseph [sland beach, g, 11. Buried Jellyfish, St. Joseph

Tsland beach. Fig. 12. Deconaposing jellylish partly buried in sand near waters edge, St. Joseph
Island beach.
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VFig. 21. Diagram showing ovientation of jellxfish molds in 20 foot zone on St. Joseph Island
beach. Radius of darkened portion of diagram represents spercentage of jellviish nmbrellas pointing
in given compass direction. N = 52,

size ol Lhe jellyfish remained (fig. 24). This suggests thal mold formation by
jellvfish does not occur in sand covered by waler, bul further experiments are
needed before stronger conclusions may be drawn.

Measuremenls of pu made by Dr. Carn OpPENHETMER showed Lthe pu ol the
beach sand Lo be aboul 8.2 and the buried jellyfish aboul 6.7 (fig. 20). In oue pu
profile taken from Lhe surface of the sand down Lo a specimen of Slomolophus
buried 4 em below the surface the pu was 7.5 al the snrface, 7.0 at Y% em below Lhe
snurface, 7.4 al 2.0 cro below the surface, and 6.0 at the jellyfish. Surface pu was 8.6
at a distance 13 em away [rom Lhe buried jellvfish. Measurements of py made on
a specimen of Stomolophuas which had recently drifted into the bheach and was
collected from the water’s edge showed the pa at the surface of the umbrella to
be 7.5, tentacles 7.0, beneath mantle 6.9, inside of jellyfish 6.9. A specimen of a
jellyfish belonging Lo the genus Aurelia had a surface pu of 7.5 and inlernal pu
of 6.5. The low pu of the buried jellyfish may play some part in cemenling the
surface of the mold; however, no cementation was observed by microscopic
examination in the sand foroing Lhe surface of several molds examined. Shime
from the organism might also add rigidity to the mold.

Three dimensional fossils of jelvfish oflen occur as casts as well as molds.
TwENHOFEL and ScHRrRocK (1935, p. 94) suggest sone of these to be mud fillings

Tig. 13. Partly buried jellyfish near waters edge, St. Joseph Tsland beach. Tig. 14, Jellyfish
almost completely covered at waters edge, St. Joseph [sland beach. Tig. 15. Desicated jelly-
fish on upper part of St. Joseph Island beach. Fig. 16. Desicated jellvfish on upper part of
St. Joseph Island beach. Fig. 17. Mold of jellyfish partly destroved probably by bird, St. Joseph
Tsland beach. Tig. 18. Partly buried jellyfish whose tentacles have been pulled away from
umbrella probably by birds. TFig. 19. (astropod on Taguna Madre beach partly buried by
wave action. Tig. 20. Photograph of method of faking pi measnrement of buried jellyfish,
St. Joseph Island.
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Above: fig. 22; below: fig. 23.
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Iz 24, Mold of jellyfish formed after decomposition of jelfyfish, Sand was obtained from
st Joseph Island and was slightly damp.

of the gastric pouches. KInG in HarriNGrox and Moori (1955) described Lwo
fossil jellviish from the Upper Pennsylvanian of Kausas each of which adhere
to ““a subcylindrical or subconical mass of rock consisting of roughly stratified
fragmeunts of brachiopod spines, ostracode valves, and other organic remains in a
matrix of sand or clay firmly cemented with calcinm carbonate”. Both specimens
weathered ont of shale. KNG suggests that, “the rock mass atlached to the jellyfish
specimens might represent the filling of a burrow dug by some other amimal, in
which the medusoid was trapped and died or into which it was washed soon alter

Fig. 22 (above). Photograph of current action around jellvfish at waters edge at St. Joseph

Island. The water’s edge is at lower left corner of photograph. Water is in process of goingout.

Note turbity of water on downstream side of jellyfish caused by sand being excavated from
nnder and around jellyfish.

Fig. 23 (below). Photograph of jellyfish shown in fig. 22 after water has passed. Note that
jellyfish is partly embedded in sand.
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death”. An alternate explanation might be that a mold formed by jellylish buried
in a manner deseribed in the present paper was filled in by sediment {rom above.
In this case the “subeylindrical mass of rock™ would be lithified sediment which
filled the “neck” formed by caving in of the mold roof.

6. Summary

Jeltyfish belonging to the species Stomolophus meleagris L. Acassiz were depo-
sibed on a beach of Saiut Joseph Island, Texas, above the normal high tide level
during a severe storm. After the water had receded many individuals were found
buried as deep as 2—3 inches in the sand of the beach. Decomposition ol buried
and partly buried specimens had resulted in many molds in the sand.

It is suggested that the jellylish may have been partly buried by sand heing
scoured [rom around and under the jellyfish, and completely buried by deposition
of sand eroded from the upper beach or sand dunes in back ol the beach.

A hypothesis is advanced that some [ossils of jellylish and other soft-bodied
animals might be evidence of organisms buried in the beach environment aller
having been deposiled above high-tide level during a severe storm.

7s Literature Cited

BroxgeErsMa-Saxprrs, M., 1958: Mass mortality in the sea. Treatise on marine ecology and
paleoccology. Geol. Soc. Amer., Mem. 67, 1, 941—1010.

Harringrox, H. J., and Moorr, R. C., 1955: TFossil jellyfishes from Kansas Pennsylvanian
rocks and elsewliere. Bull. Kansay State Geol. Suvv. 114, 5, 153164,

Hepererry, J., 1954: Scyphozoa. Gull of Mexico, its origin, waters, and marine life. Fish. Bull.
U. 8. Fish and Wildlife Serv. 89, 277—278.

Jounsox, R. G., 1957: Fxperiments on the burial of shells. Jont. Geol. 65, 5, 527535,

Maver, A. G.. 1910: Medusae of the world. Publ. Carneg, Instn. 109, 3, 499 —735,

Mexarp, H. W., and Boucor, A. 8., 1951: Experiments on the movement of shells by water.
Amer, Jour. Sei. 249, 131151,

Moours, R. (&, Lauiekenr, C. G., and Frscner, A. G., 1952: Invertebrate 1fossils. McGraw-Hill
Book Company, Ine. N. Y., 766 pp.

Senirer, W., 1941: Fossilisation-Bedingungen von Quallen und Teichen. Senck. 23, 189 - 216.

Surrarp, F. P., 1948: Submarine geology. Harper and Brothers, N Y., 348 pp.

Twexnorrr, W. H., and Surock, R. R., 1935: Tnvertebrate Paleontology. Mc¢Graw-Hill Book
Company, Ine. N. Y., 511.

van Guapy, C. E., 1951: Nankoweap group of tlie Grand Canyon Algonkian of Arizona. Bull
G. 5. A. 62, 8, 953—960.

Dr. TLouts S. ICORNICKER,
Dr. Joux T. CONOVER,
Institute of Marine Science,
The University of Texas
Port Aransas, Texas, USA




