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ABSTRACT: One of the primary goals of forensic pathology is
the determination of time of death. In aquatic systems, one method
to do this isto analyze the colonization of a corpse by agae. Algal
communitiestypically follow aserial colonization pattern, therefore
the taxa present at any given time may provide clues about post-
mortem submersion time. This study was undertaken to examinethe
algal colonization on rat carcasses in a medium-order woodland
stream. Two habitats were studied: alow flow pool and a high flow
riffle, with rats being removed from each site every 3 to 6 daysover
31 days. The diversity of colonizing taxaincreased at both sites as
the study progressed, and after 17 days similar taxa were present
(Sorensen’ssimilarity index >60%) in each site. Sometaxa, such as
desmids (Chlorophyta), tended to increase in diversity throughout
the study, making them possible indicators of submersion time. Di-
atomswere the most abundant taxa found in each site and accounted
for 63 of the 92 total taxa identified. Due to their ubiquitous pres-
encein nearly al streams, we suggest that diatoms may be the key
organismsfor the study of postmortem submersion in lotic systems.
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The postmortem interval (PMI) is the time between the death
and discovery of a corpse. In terrestrial systems, this time can be
estimated by an examination of the invertebrate community inhab-
iting the corpse (1,2). Few studies, however, have dealt with inver-
tebrate colonization of corpses in aguatic systems. These studies
typically focus on submersion in lentic, or still bodies of water
(3,4). Researchers looking at lotic, or flowing systems, have been
able to use the presence of midge larvae as indicators of submer-
sioninterval (5). One problem with using aquatic insects, however,
isthe significant temporal variability of their occurrence (6).

One of the ubiquitous components of lotic ecosystemsis the al-
ga community (7). As such, this community presents an excellent
assessment tool for determining PMI. While major algal taxa (i.e.,
divisions) experience some temporal heterogeneity, the algal com-
munity is virtualy always omnipresent. Some researchers have
previously employed algae in forensic studies. Typically, certain
taxa, most notably diatoms, have been employed to provide evi-
dence for drowning (8-10). Diatoms have aso been employed to
estimate the general vicinity of drowning by comparing taxa from
the lungs of victims and the river diatom community along a spa-
tia gradient (10). Similarly, the presence of agae from specific
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habitats has been used to link criminals to crime scenesin forensic
investigations (11).

The purpose of our investigation is to document the algal colo-
nization of submerged carcasses from astream in order to elucidate
the submersioninterval (SI). Weare not aware of any studieswhich
sought to qualify the whole algal community colonizing sub-
merged bodies. To that end, we placed immature dead ratsin a pool
and riffle area of an undisturbed stream and examined them every
3to 6 days. In addition, we sought to determine whether there was
a significant difference between two distinct stream habitats,
namely pool and riffle areas. In this way, we hope to establish a
general pattern of algal colonization which may be useful for de-
termining the Sl in lotic systems.

Methods

The study was conducted in East Fork Queer Creek, afourth-or-
der stream located near Ash Cave State Park, Hocking County,
Ohio. The particular stretch of stream used was bordered by arel-
atively undisturbed riparian zone and only partially shaded by a
mixed riparian canopy, dominated by river birch (Betula nigra),
red elm (Ulmusrubra), and sycamore (Platanus occidentalis). The
stream and surrounding area have been extensively studied for bi-
otic surveys, including qualification of the algal community.

Two ca. 1 m X 1 m wooden cages were constructed to house
small mammalian carcasses for the experiment. Cages consisted of
awood frameto which fine metallic mesh (0.5 cm gap size) was af-
fixed. Both cages were constructed with a ca. 45° slope on one end
to facilitate water flow and reduce buildup of debris. The cages
were affixed with aremovable lid from which samples were with-
drawn. Both cages were secured with iron rebar and weighted with
heavy stones from the stream.

Immature rats were utilized to simulate a colonizable substrata
similar to human skin. Twenty-four immature rats were obtained
postmortem from a local pet store and placed in each of the two
cages. Rats were positioned at 8 cm intervals and individually tied
to the bottom mesh by use of plastic ties. One cage was completely
submerged in a pool (ca. 1.5 m depth) and the other cage was
placed in afast-flow riffle 10 m downstream. Thelids of both cages
were secured with plastic ties to prevent any disturbance by ani-
mals.

Cages were placed on March 20, 1999, and an individual rat
from each site was removed after Days 3, 8, 12, 17, 21, 25, and 31.
Rats were collected by cutting the plastic ties and immediately
placing therat into ascintillation vial with 2.5% cal cium-carbonate
buffered gluteraldehyde to preserve the algae for identification.
Care was taken not to dislodge any organisms during collection.
Afterwards, the sloping section of the riffle cage was scraped clean
of any accumulated growth or debris.
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Identification of all algae was performed using an Olympus
BX40 light microscope, at X200 to X 1000 magnification. Samples
were obtained by scraping rats and collecting the dislodged mate-
rias. At least four slides were prepared from each sample. In addi-
tion, diatoms were clarified as described elsewhere (12). Algal
identifications followed standard authorities (13-18).

To compare the algal community similarity between the pool
and riffle sites, Sorenson’ s index of similarity was employed (19):

2C

ST+

where A equal sthe number of taxain the pool, B the number of taxa
in the riffle, and C the taxa common to both sites. Values range
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from O to 1, with O being no taxa in common to 1 being all taxa
found in each site.

Results

After immersion in water for one month, the rats were in very
poor condition. By Day 25 the rats had become very fragile due to
decomposition from a thick mat of fungi growing epizooically
(upon an animal substrate). Seventy-three algal taxawere observed
from the pool and riffles samples, with atota of 92 taxatotal from
both sites (Table 1).

Asthe study progressed, the number of different taxa recovered
increased steadily (Table 2). The pool site had the greatest number

TABLE 1—Taxa listed by algal division identified during each sampling date. “ P” represents those taxa from pool samples, “ R’ taxa fromriffle
samples.

Taxa Day 3 Day 8

Day 12

Day 17 Day 21 Day 25 Day 31

Bacillariophyta

Achnanthidium minutissimum P
Amphipleura pellucida

Amphora ovalis

Amphora veneta

P,R

Brachysira vitrea R

Caloneis ventricosa
Craticula cuspidata
Cymbella affinis

Cymbella naviculiformis
Diploneiseliptica
Encyonema silesiacum
Encyonema lange-bertalotii
Encyonema minutum
Epithemia adnata

Eunotia exigua P
Eunotia muscicola
Fragilaria capucina
Frustulia rhomboides
Frustulia vulgaris P
Gomphonema acuminatum

Gomphonema angustatum

Gomphonema gracile

Gomphonema minutum

Gomphonema olivaceum

VTV

P,R

Gomphonema parvulum R

Gomphonema sarcophagus
Gomphonema sp. 1
Gomphonema sp. 2
Gomphonema sp. 3
Gomphonema truncatum P
Luticola sp. P
Melosira lineata

Melosira varians

Meridion circulare P P
Navicula capitata

Navicula cryptocephala

Navicula cryptotenella

Navicula halophila cf

Navicula lanceolata

Navicula rhynchocephala

Navicula viridula

P, R

Nitzschia acicularis R

Nitzschia capitellata
Nitzschia clausii
Nitzschia dissipata
Nitzschia linearis

Nitzschia palea R

Nitzschia paleacea
Nitzschia pusilla
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TABLE 1—Continued.

Nitzschia sublinearis
Pinnularia interrupta
Pinnularia lundii

Pinnularia microstauron
Pinnularia viridis
Planothidium lanceolatum
Sdllophora pupula
Sauroneis anceps

Surirella amphioxys
Surirella minuta
Surirellaovalis

Synedra delicatissima
Synedra ulna P P
Tabellaria flocculosa
Chlorophyta
Ankistrodesmus falcatus
Chlamydomonas globosa
Closterium littorale
Closterium moniliferum
Closterium peracerosum
Closterium sp.

Cosmarium botrytis
Cosmarium moniliforme
Euastrum validum

Euastrum verrucosum
Mougeotia sp.

Scenedesmus bijuga
Spirogyra sp.

Staurastrum turgescens
Stigeoclonium sp.
Cyanophyta

Oscillatoria sp. P P
Oscillatoria anguina
Oscillatoria angustissima P,R R
Oscillatoria animalis
Oscillatoria hamelii
Oscillatoria subbrevis
Oscillatoria tenuis
Phormidium ambiguum
Pseudanabaena sp. P P
Rhabdoderma lineare
Spirulina cf. Nordstedtii
Synechococcus sp.
Euglenophyta

Euglena sp.

Trachelomonas cf. Dybowskii
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TABLE 2—Distribution of algal taxa found fromrat scrapings for each sampling date.

Sampling Date

Day 3 Day 8 Day 12

Day 17 Day 21 Day 25 Day 31 Total

No. of pool taxa 5 5 17
No. of riffletaxa 1 1 15
Tota taxa (both sites) 5 6 24
Sorenson’ s value* 0.34 0 0.5

24 40 39 36 73

22 35 36 45 73

32 48 52 56 92
0.61 0.72 0.61 0.62

* Sorenson’ s value refers to Sorenson’s index of similarity, describing the similarity value between the pool and riffle taxa on each day (0 = complete

dissimilarity, 1 = complete similarity).

of taxa present after Day 21, and decreased in diversity afterwards.
Conversely, the riffle samples continued to increase in diversity
until the end of the experiment at Day 31. After aninitial lag phase,
both sites showed an increase in the total number of taxa aswell as
number of taxa common to both sites. Sorenson’sindex of similar-
ity valuesweretypically ca. 65%. Thefirst two sampling dates had

very low values, but there were also very few taxa at the time. Af-
ter a substantial increase in the number of taxa after Day 12, the
similarity values tended to stabilize.

The number of different algal taxa by division for each site are
presented in Figs. 1 and 2. In both the pool and riffle area, diatoms
were the most species-rich division after Day 12. Diatom richness
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FIG. 1—Comparison of the number of algal taxa from each division encountered during the sampling period for pool samples.
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FIG. 2—Comparison of the number of algal taxa from each division encountered during the sampling period for riffle samples.

was so high that after Day 12 they accounted for more distinct taxa
than all other algal divisions combined.

The diatom community was initially dominated by Achnanthid-
ium minutissimum, Fragilaria capucina, Meridion circulare, and
Synedra ulna. Throughout the colonization period of the corpses
the species richness of the algal community continued to increase,
but these four taxa remained the main constituents (relative abun-
dance range for these four species 10% to 48%).

Discussion

While diatoms dominated the diversity of taxa, cyanobacteria
and chlorophytes were also present. Cyanobacteriawere nearly al-
ways filamentous forms, which are extremely common in most
lotic and lentic systems. Oscillatoria angustissima, the most com-

mon taxon, is a typical component of streams and ditches in the
U.S. Midwest. Nine out of the 15 chlorophyte taxa were desmids
while the others were common aquatic algae occurring in a wide
range of habitats. Therefore, chlorophyte taxonomic compositionis
of little informative value. On the other hand, it is interesting to
note that it was not until Day 17 that many chlorophytes were en-
countered at either site, implying that corpses require time to be-
come conditioned by algae. It isa so possible that their delayed ap-
pearance was a result of chlorophyte’s slower growth rate
compared to some other taxa.

Diatoms had both the greatest diversity and actual numbers of
cells among any algal division (R. Verb, persona observation).
Thisis not surprising, as diatoms are probably the most prevalent
component of stream algal communities (7). Assuch, diatomshave
a so been used asindicators of stream water quality (7). Thiscould
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be very important in forensic investigations, as the quality of a
stream can have profound effects on the organisms which are ca-
pable of colonizing corpses. For example, in streams heavily im-
pacted by acid mine drainage the richness of the diatom community
istypically very reduced (20). Therefore, some of the common col-
onizers which are acidophobic may not be present in the typical se-
rial succession.

Diatoms are commonly basal cells in developing periphyton
mats. As colonization proceeds with subsequent reproduction, di-
atoms may alter the existing microhabitat thereby making the sub-
strate more usable by other algal taxa (21). Therefore, some taxa
potentially useful for PMI estimates, such as desmids or eugleno-
phytes, may not occur until after extensive diatom colonization and
conditioning of the substrate, a useful tool in PMI estimates.

In our study, there was a lag phase when little colonization oc-
cured until Day 12. Afterwards, colonization proceeded rapidly,
doubling in the total number of taxa by Day 21. Therefore, the low
number of diatom epiphytes prior to three weeks submersion may
be an excellent indicator. After three weeks, however, the number
of new taxa appears to decline, whereas certain key taxa, such as
desmids and some diatom species, appeared.

The dominant diatoms Achnanthidium minutissimum, Fragi-
laria capucina, Meridion circulare, and Synedra ulna have been
noted to be early dominant immigrants on freshly placed tile sub-
strates in astream (22). In addition, these taxa may represent colo-
nizers of early successional stages of the algal community on the
corpse. Achnanthidium minutissimum has been noted to be an im-
portant initial colonizer of lotic systems (i.e., 23,24). However, it
may prove difficult to precisely date submerged corpses using the
relative abundance values of the dominant taxa. Thisis dueto high
levels of heterogeneity between sample dates. There does appear to
be a general pattern of decline in the relative abundance values of
these diatoms from Day 3 to Day 31. For instance, Meridion circu-
lare, by far the most dominant diatom species in this study, was
found to have arelative abundance of 45% to 48% (riffle and poal),
which had decreased to 12% to 18% by Day 31. In addition, while
abundance values appeared to regress downward with time, there

TABLE 3—Some important taxa unique to either pool or riffle habitats
for estimating S based on occurrence on two or more dates.

Pool Riffle

Eunotia exigua
Navicula cryptotenella
Surirella ovalis
Closterium littorale
Euastrum spp.
Pseudanabaena sp.

Stigeoclonium sp.*
Euglena sp.*

* Represents taxa observed only during the latter half of the study.

appeared to be an inverse relationship with species richness in the
algal community (Figs. 1 and 2). These patterns and differencesin
species richness values may prove to be more useful tools for de-
termining PMI with diatoms.

In addition, the presence of certain individual taxa can be used
as an indicator of specific conditions within the habitats. For ex-
ample, after Day 17 the pool samples had a preponderance of
desmids (Desmidiaceae, Chlorophyta) which typically occur under
acidic conditions (25). These acidic conditions probably arose from
the decomposition of the rats, and subsequent release of organic
acids by action of the extensivefungal coat covering therats. When
allocthonous (originating outside of the stream) carbon sources ap-
pear, opportunistic fungi may quickly colonize and degrade the
available material (26). The water in the pool had slow flow rate
(D. Casamatta, personal observation), and as a result, a buildup of
acids may be expected. Conversely, presence of desmidsin therif-
fle was delayed, possibly because of dilution of acidic products.

The similarity of the taxa between the sites was higher than ex-
pected. Extremely different algal communities may develop on dif-
ferent types of habitats. For example, artificial versus natural sub-
strates may have significantly different epiphytes (27), although in
streams there is some evidence that epiphytes may be correlated
with the individual substrate’'s structure and not composition (28).
Still, the Sorenson’ svalues were quite high given the difference be-
tween the sites (i.e., depth, flow, light levels, etc.). These factors
appear to favor theagal community as an excellent estimator of the
submersion time of a corpse. On the other hand, some taxa were
recorded from either the pool or riffle habitat. Table 3 lists taxa
unigue to either site. These taxa may be used to determine move-
ment of a corpse as aresult of a spate event (flood) or other distur-
bance (such as movement resulting from scavengers).

Conclusions

From our study, it appears that the algal community has several
factors that make it an excellent method of assessing submersion
interval values. First, al gae are aubiquitous component of lotic sys-
tems, being present in nearly any stream or river. Second, the algal
community typically remains throughout the year, making it
preferable to invertebrates, which may exhibit significant temporal
variability. Third, identifications are relatively easy and inexpen-
sive. Except for a few taxa which require sexua reproduction for
identification (e.g., Mougeotia), most taxa can be readily identified
to species with alight microscope.

Our identifications implied that the relative diversity of the col-
onizing algal community can be used to assess S| values. Rela
tively few taxa (i.e., <20) implies a relatively recent submersion
prior to corpse discovery, whereas agreater number (i.e., >50) im-
plies that submersion may have occurred for several weeks. Like-
wise, the presence of certain taxa, such as desmids, implies a cer-
tain time frame. Table 4 presents an index for estimating Sl values

TABLE 4—A descriptive index for estimating the S from riffle and pool habitats.

Riffle Index

Pool Index

Fragilaria absent = <12 d
Fragilaria present = 12-25d
Euglena absent

Fragilaria present = 25-30d
Euglena present

Ankistrodesmus absent
Ankistrodesmus present = >30d

Fragilaria absent = <12 d

Fragilaria present

Navicula cryptotenella absent = 12-25d
Fragilaria

Navicula cryptotenella present = >25d




based on some key indicator taxa. Some organisms, such as Merid-
ion circulare and Synedra ulna, while common in both pool and
riffle areas, provide little information as they were present contin-
ually throughout the sampling period. However, a combination of
taxa may prove very useful for SI determination, especialy when
their appearance is staggered. Therefore, an investigator interested
in estimating Sl should employ those taxa found sequentially
through the study, using early and late colonizers as indicators.

Several caveats must be kept in mind with this study before
definitive Sl values can be created. First, this was only a single
study with pseudo-replication. More studies employing different
orders of rivers under various anthropogenic impact need be car-
ried out. Second, a host of environmental factors may have influ-
enced this study. For example, seasonality, with accompanying
temperature and light level differences, may have an effect on col-
onization. Third, large animals were excluded from this study. In
actual forensic cases, it is likely that corpses will be at least par-
tially consumed by scavengers. How thisaffectsalgal colonization,
with differential substrate structure and chemical composition, re-
mains to be seen. Also, as corpses travel downstream this may af-
fect the colonization process. Finally, immature rat corpses do not
directly approximate human skin, and therefore the choice of sub-
strate may influence algal colonization. Many questions still re-
main about using algae as PMI indicators. From this preliminary
test, though, it appears that they may potentially prove a valuable
tool in forensic studies of Sl determination.

Acknowledgments

The authors extend their utmost thanks to Dr. Joe B. Keiper
(U.C. Riverside) for helpful advice on the preparation of this
manuscript. In addition, Melissa Hall kindly reviewed the
manuscript.

References

1. Smith KGV. A manual of forensic entomology. New Y ork: Cornell Uni-
versity Press, 1986.

2. CattsEP, Goff ML. Forensic entomology in criminal investigations. Ann
Rev Ent 1992;37:253-72.

3. Haskell NH, McShaffrey DG, Hawley DA, Williams RE, Pless JE. Use
of aquatic insects in determining submersion interval. J Forensic Sci
1989;34:622-32.

4. Vance GM, VanDyk JK, Rowley WA. A device for sampling aquatic in-
sects associated with carrion in water. J Forensic Sci 1995;40:479-82.

5. Keiper JB, Chapman EG, Foote BA. Midge larvae (Diptera: Chirono-
midae) asindicators of postmortem submersion interval of carcassesina
woodland stream: a preliminary report. J Forensic Sci 1997;42(6):
1074-9.

6. Merritt RW, Cummins KW. Trophic relations of macroinvertebrates. In:
Hauer FR, Lamberti GA, editors. Stream ecology. New Y ork: Academic
Press, 1996;453-74.

7. Lowe RL, Laliberte GD. Benthic stream algae: distribution and struc-
ture. In: Hauer FR, Lamberti GA, editors. Stream ecology. New Y ork:
Academic Press, 1996;269-93.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

CASAMATTA AND VERB « ALGAL COLONIZING 1285

. Neidhart DA, Greeddyke RM. The significance of diatom demonstration

in the diagnosis of death by drowning. Am J Clin Path 1967;48(4):
377-82.

. Matsumoto H, Fukui Y. A simple method for diatom detection in drown-

ing. Forensic Sci Int 1993;60:91-5.

LudesB, Coste M, Tracqui A, Mangin P. Continuous river monitoring of
the diatoms in the diagnosis of drowning. J Forensic Sci 1996;41(3):
425-8.

Siver PA, Lord WD, McCarthy DJ. Forensic limnology: the use of fresh-
water algal community ecology to link suspectsto an aquatic crime scene
in southern New England. J Forensic Sci 1994;39(3):47-53.

Stoermer EF, Emmert G, Julias ML, Schelske CL. Paleolimnologic evi-
dence of rapid recent change in Lake Eri€'s trophic status. Can J Fish
Aquat Sci 1996;53:1451-8.

Geitler L. Cyanophyceae. In: Rabenhorsts Kryptogamen-Flora 14.
Leipzig: Akad Verlagsges, 1932.

Prescott GW. Algae of the Western Great Lakes area. Dubuque, lowa:
WM C Brown Publishing, 1962.

Krammer K, Lange-Bertalot H. Bacillariophyceae 2. Naviculaceae in
Slisswasserflora von Mitteleuropas. 1. G. Fischer Verlag, Stuttgart,
1988.

Krammer K, Lange-Bertalot H. Bacillariophyceae 2. Bacillariaceae, Ep-
ithemiaceae, Surrirellacea in Slisswasserflora von Mitteleuropas. 2. G.
Fischer Verlag, Stuttgart, 1988.

Krammer K, Lange-Bertalot H. Bacillariophyceae 2. Centrales, Fragilar-
iaceae, Eunotiaceae in Slisswasserfloravon Mitteleuropas. 3. G. Fischer
Verlag, Stuttgart, 1988.

Krammer K, Lange-Bertalot H. Bacillariophyceae 2. Acnanthaceae in
Slsswasserflora von Mitteleuropas. 4. G. Fischer Verlag, Stuttgart,
1988.

Magurran AE. Ecological diversity and its measurement. New Jersey:
Princeton University Press, 1988.

Lampkin AJ, Sommerfield MR. Algal distribution in a small, intermit-
tent stream receiving acid mine drainage. J Phycol 1982;18:196-9.
Tuchman NC. The role of heterotrophy in algae. In: Stream ecology.
Hauer FR, Lamberti GA, editors. New York, Academic Press, 1996;
299-319.

Stevenson RJ. Effects of current and conditions simulating autogeneti-
cally changing microhabitats on benthic diatom immigration. Ecology
1983;64:1514-24.

Korte VL, Blinn DW. Diatom colonization on artificial substratain pool
and riffle zones studies by light and electron microscopy. J Phycol
1983;19:332-41.

Steinman AD, Lamberti GA. Lotic algal communitiesin the Mt. St. He-
lens region six years following the eruption. J Phycol 1988;24:482-9.
Van Den Hoek C, Mann DG, Jahns HM. Algae: an introduction to phy-
cology. Cambridge: Cambridge University Press, 1995.

AtlasRM, BarthaR. Microbial ecology: fundamentals and applications.
California: Benjamin/Cumings Scientific Publishing, 1998.

Burkholder M, Sheath RG. The seasonal distribution, abundance, and
diversity of desmids (Chlorophyta) in a softwater, north temperate
stream. J Phycol 1992;20:159-72.

Burkholder JM, Wetzel RG. Microbial colonization on natural and arti-
ficial macrophytes in a phosphorus limited, hardwater lake. J Phycol
1989;25:55-65.

Additional information and reprint requests:
Dale A. Casamatta

Graduate Student

Dept. of Environmental and Plant Biology
Ohio University

Athens, Ohio 45701



