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ABSTRACT
Not much information is available concerning economic impacts black flies have on humans and animals in
Mississippi. The reemergence of black files in southern states has renewed interest in these pests to determine their
economic impacts. In this study, effects of black flies were assessed using a four-tiered approach: 1) a literature search of
recent reports concerning human health effects from black flies in Mississippi, 2) a query of local mosquito personnel at the
annual Mississippi Mosquito Vector Control Association meeting from 2015 – 2016 to assess prior or current complaints
of black flies in their local municipality, 3) a request to the Mississippi State Department of Health for ICD-9
(International Classification of Diseases) data for outpatient hospital discharge data for patients in Mississippi diagnosed with
insect bites/stings, both with and without infection, and lastly, 4) a survey (questionnaire) of Mississippi back-yard poultry
owners assessing effects, if any, of black flies on poultry flocks or other livestock. Results revealed four recent medical
and popular press articles about black flies since 2011; one city (Greenville) reported aerial spraying during a black fly
outbreak in June 2011; Health Department ICD-9 data codes for the years 2010-11 revealed a total of 13,760 outpatient
discharge cases for bites/stings in counties across the state. Statistical analysis of biting incidence data from counties known
to have black fly problems versus counties without black fly problems showed no significance or clear patterns. Lastly,
the survey of backyard poultry owners yielded 33 responses out of 522 questionnaires mailed. Poultry owners reported
attacks on their birds and other livestock during known years of black fly outbreaks in the state, and also during known
months of peak black fly activity. Forty-five poultry reportedly were killed by black flies and one “livestock” death (type or
species unknown).

documented reports of farm animals killed by the
pests (Webster 1904, Nations et al. 2016).
In Mississippi, black flies seemed to disappear from
the state during the 1930s, with few or no reports of
outbreaks until 2008 – 2009, when the Mississippi
State Department of Health and the Mississippi State
University Extension Service began receiving
reports from the public about increased human biting
incidents and backyard poultry deaths resulting from
black flies. Outbreaks continued in the years 2011,
2012, 2014, and 2018. As a result, one limited study
was performed to assess the impact of black flies on
poultry in Mississippi (Jones et al. 2014). However,
much is yet unknown about the current medical,
veterinary, and economic impacts of black flies in

INTRODUCTION
Black flies may cause a variety of medical,
veterinary, and economic effects worldwide. Human
and
animal
disease
transmission
(e.g.,
onchocerciasis and leucocytozoonosis) by black
flies is well documented (Getting 1945, Noblet et al.
1975, Jones et al. 1977, Rohner et al. 2000,
Atwood and Meisch 2004, Adler and McCreadie
2009, Jones et al. 2014). Medical complications
following black fly biting have also been
reported (Stokes 1914, Borah et al. 2012,
Goddard et al. 2018), and there are human
deaths attributed to black fly attacks (Webster,
1887). Black flies likely have caused enormous
losses of livestock since recorded history, but
during the early 1900’s there were numerous
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Mississippi; therefore, this study was initiated to
further document these impacts

were analyzed in a number of ways to attempt to
ascertain increased biting incidence (leading to
hospital or clinic visits) in areas known to have black
flies versus those without. Analysis included biting
incidence per year, county, region, and comparisons
of selected sites throughout the state.
Survey of Backyard Poultry Owners. A survey
(questionnaire) was developed for backyard poultry
owners in Mississippi to assess how much – and to
what extent – Mississippi poultry may be affected by
black fly infestations. This questionnaire was
prepared with assistance from Dr. Kristine T.
Edwards, a local veterinarian, and included
questions such as: 1) domestic animals on hand, 2)
outbreak years, 3) attacks/deaths of birds or other
livestock, 4) protection methods and costs, 5)
treatments and costs, and 6) veterinary fees, if any.
A total of 512 questionnaires were mailed to a list of
backyard poultry owners developed by personnel at
the Mississippi State University Poultry Diagnostics
Lab in Pearl, MS.

METHODS
Literature Search and Popular Press for Human
Biting by Black Flies.
Information in blogs,
newspapers, and databases concerning human health
effects of black flies in Mississippi was surveyed. We
also surveyed PubMed, Google Scholar, Science
Direct, EBSCO Host, and the Armed Forces Pest
Management Board’s Literature Retrieval System
using the following terms or phrases, “Simuliidae,”
“Simulium,” “Black Flies,” “Black Fly,” “Pests,”
“Black Flies in Mississippi,” “Black Fly Outbreaks in
Mississippi,” “Black Fly Attacks in Mississippi,”
“Biting,” “Nuisance,” “Seasonality,” “Biology,”
“Ecology,” “Vectors,” “Bite Reaction,” “Black Fly
Fever,” “Recreational Activities,” “Adverse Effects,”
“Medical Effects,” “Health Effects,” “Human Health
Effects,” “Livestock Health Effects,” “Poultry Health
Effects,” “Veterinary Effects,” “Poultry Pests,”
“Livestock Pests,” “Hospital Discharge Data,”
“Insect
Bites/Stings,”
“Outpatient
Hospital
Discharges,” “Insect Bites/Stings with/without
Infections,” “Economic Impacts,” “Epidemiology,”
“Control,” “Treatments,” “Control of Black Flies,”
“Treatments for Black Flies,” “Pesticides,”
“Adulticides for Black Flies,” “Insecticides for Black
Flies,” “Prevention from Black Flies,” and “Personal
Protection.”
Query of City and County Public Works
Personnel. For two consecutive years (2015-16),
attendees at the Mississippi Mosquito and Vector
Control Association (MSMVCA) in Jackson, MS,
were queried concerning prior or current black fly
attacks or outbreaks in their local municipalities. If
so, they were asked what surveillance and control
measure(s) they used and approximate costs
involved.
Human Clinical Data Search (ICD-9 Data). With
appropriate IRB approval, a request was made to the
Mississippi State Department of Health (MSDH) for
outpatient hospital discharge data, and particularly,
ICD-9 data codes for insect bites/stings, with and
without infection, for the years 2009 through 2017
(Table 5.1). NOTE: these were their categories
(bites/stings; with/without infection), not ours. Data
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RESULTS AND DISCUSSION
Search of Literature and Popular Press for Human
Nuisance Biting. Literature and popular press
searches revealed three online articles and papers
referencing black fly nuisance biting in Mississippi;
also, a fourth paper was published showing sensitivity
to the reactions of a black fly bite in 2018. In June
2011, The Natchez Democrat published an article
referencing the attack of black flies in the local
community, Natchez, MS, and detailed several
preventive measures that could be taken to protect the
public. The article also showed a photograph of a
young girl covering her eyes to protect herself while
being attacked by black flies (Zema 2011).
During 2013, the Mississippi Gunowners Blog
posted a question asking if anyone else was having
problems with black flies and if anyone could
recommend possible control measures for this pest
(Anonymous 2013). Also, in December 2013, a
physician with the University of Mississippi School
of Medicine published an article about a clinical
reaction in an older patient bitten by a black fly. That
paper described sequelae from a black fly bite as a
systemic reaction due to sensitivity or toxicity from
the attack (Chen 2013).
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Lastly, during the last week of March through the
middle of April 2018, multiple reports of black fly
outbreaks were received from the tri-county Jackson,
MS area and Natchez, MS. Local entomologists from
the MSDH investigated the outbreak. The first
complaint was located 0.55 miles from the Jackson
Futbol Club (Jackson Country Club) and 1.68 miles
from McLeod Elementary School. During the
investigation, the MSDH Medical Entomologist, Dr.
Wendy Varnado, was attacked and severely bitten by
these nuisance pests. Her reaction to the black fly
bites lasted for two days and caused skin lesions and
intense itching (Goddard et al. 2018).
Query of City and County Public Works
Personnel. During the Mississippi Mosquito Vector
Control Association (MMVCA) annual meeting, the
local public works personnel were asked if they had
any prior or current complaints or reports of black fly
outbreaks or attacks during the years 2015-16. The
only municipality to respond was the City of
Greenville which reported an outbreak in 2011. They
reported aerial adulticide spraying for the city on June
2, 2011 due to the emergence of black flies at a cost
of $10,500.
Human Clinical Data Search (ICD9 Data).
ICD9 statewide hospital and clinic outpatient data
for insect bites/stings was requested for 2009 - 2017,
but the only accessible data available was from the
years 2010 – 2011. Data from counties were separated
and totaled for the two years totaling 13,160 patients.
Outpatient totals per county were calculated and
divided by the 2010 U.S. Census totals per county.
That total was then multiplied by 10,000 to get mean
biting incidence per county. Immediately it was
evident that Coahoma County, MS had the highest
incidence of insect bites/stings of any county in the
state (26.76 per 10,000 population), which was more
than double the next highest county. Interestingly,
Coahoma County was the place where Dr. George
Bradley had investigated intense black fly problems
in the 1930’s (Nations et al. 2016). All ICD9 data
were analyzed with SPSS Statistical Data Software

October 2021, Vol 66, No 3

(version 23, IBM, New York, NY) and three different
categories were created for comparison and analyzed:
1) counties where we had collected from ten
collection sites for 2 years (Nations et al. 2020) (these
counties were known to have black flies) versus 72
remaining Mississippi counties, 2) delta versus nondelta Mississippi counties, and 3) north, central, and
south regions in Mississippi. An independent t-test
was used to analyze the categories: 1) the ten counties
with collection sites versus 72 remaining counties and
2) delta and non-delta counties; ANOVA was used to
analyze biting incidence among north, central, and
south regions of Mississippi. Using a t-test, showed
no significant differences (p-value 0.80) between our
ten collection site counties versus the 72 remaining
counties and delta versus non-delta counties (p-value
0.801). The p-value for delta versus non-delta
Mississippi counties was also not significant (0.157),
and ANOVA results between north, central, and south
regions in Mississippi also showed no significance
among the groups (p-value 0.09).
Survey of Backyard Poultry Owners.
Unfortunately, responses from backyard poultry
owners to the survey were minimal. There were
93/512 (18.2%) paper surveys returned as
undeliverable by the post-office: 33/512 (6.4%)
surveys were completed by paper or online using
Survey Monkey. With this limited information, we
were able to conclude that 51.5% of animals affected
by black flies were backyard poultry (including
chickens, quail, turkeys, guineas). Most respondents
(45.4%) reported severe intermittent attacks (1 out of
3 years) to animals, the next highest response (18.1%)
was severe attacks every year (at least 10 black flies
per animal). Reported months of attacks, outbreaks,
and/or deaths were predominantly May – June
(57.5%), then secondly March – April (42%) (Figure
1).
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Figure 1. Month of the year when poultry and livestock were most affected by black fly biting.
When asked “what years did animal attacks or deaths occur from black flies,” 36.3% said 2011 and 2014,
followed closely by 2009 and 2012 (30.3%), then 2015 and 2016 (18.1%). Backyard poultry owners reported 45
poultry died from black fly attacks (chickens, turkeys, guineas, quail) and 1 “livestock” (Figure 2). When asked
how much money was spent on pesticides, treatments, or repellents for black flies, 36.3% said no treatments,
pesticides, or repellents were used, while 30.3% stated they spent $51 - $100 on these items (Figure 3).

Figure 2. Hemorrhagic lesions (feathers removed) on a chicken killed by black fly bites (Photo courtesy Dr.
Martha Pulido-Landinez, Mississippi State University, Veterinary Diagnostic Laboratory, Pearl, MS)
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Number of Responders

Money Spent
14
12
10
8
6
4
2
0
$0

$1 - $25

$26 - $50 $51 - $100

$101 $200

$201 $350

$351 $500

greater
than $500

Axis Title
Money Spent

Figure 3. Amount of money spent on pesticides, repellents, and treatments to prevent/control black flies.

CONCLUSIONS

REFERENCES

A literature search for reports of black fly
outbreaks revealed a few published articles during
2009 and 2011, demonstrating black flies are
currently nuisance pests in Mississippi and can affect
outdoor activities. In the city and county
municipalities, very few pest control personnel
reported using control measures for black fly
reduction during peak season(s). Statistical analysis
of hospital discharge data showed no significant
differences between insect biting incidence in
counties with and without black fly outbreaks.
Results of a survey of backyard poultry owners
suggest that black flies are indeed affecting these bird
populations, even causing deaths. Interestingly,
respondents used little or no control measures to
protect their animals from these nuisance pests.

Adler, P. H., and J. W. McCreadie. 2009. Black flies
(Simuliidae), pp. 189-206. In G. R. Mullen and
L. A. Durden (eds.), Medical and Veterinary
Entomology, Second Edition. Elsevier, New
York.
Anonymous. 2013. Are buffalo gnats bad this year?
Mississippi Gun Owners on-line forum,
Vicksburg, MS,
http://msgunowners.com/t41610-do-any-of-youall-have-buffalo-gnats-bad-this-year.
Atwood, D. W., and M. V. Meisch. 2004. Distribution
and seasonal abundance of Cnephia pecuarum
(Diptera: Simuliidae) in Arkansas. J. Am. Mosq.
Control Assoc. 20: 125-129.
Borah, S., S. Goswami, M. Agarwal, I. Rahman, M.
Deka, P. Chattopadhyay, and L. Singh. 2012.
Clinical and histoptahological study of Simuliim
(black fly) dermatitis from northeastern India.
Inter. J. Dermatol. 51: 63-66.
Chen, A. Y. 2013. The hidden culprit. J. Mississippi St.
Med. Assoc. 54: 342-344.
Getting, V. A. 1945. Insect vectors of disease. New Engl.
J. Med. 232: 315-321.
Goddard, J., P. H. Stewart, J. H. Deerman, T. M.
Nations, and W. C. Varnado. 2018.
Development and resolution of cutaneous lesions
caused by black flies. Am. J. Med. doi.
10.1016/j.amjmed.2018.06.004.
Jones, K. H., N. Johnson, S. Yang, J. Stokes, W. Smith,
R. W. Wills, J. Goddard, and A. VarelaStokes. 2014. Investigations into outbreaks of

ACKNOWLEDGEMNETS
This work is partially supported by Crop Protection
and Pest Management, Extension Implementation
Program, award no. 2021-70006-35580 from the
USDA National Institute of Food and Agriculture.
Any
opinions,
findings,
conclusions,
or
recommendations expressed in this publication are
those of the author(s) and do not necessarily reflect
the view of the U.S. Department of Agriculture.

October 2021, Vol 66, No 3

186

Journal of the Mississippi Academy of Sciences

black fly attacks and subsequent avian
haemosporidians in backyard type poultry and
other exposed avian species. Avian Diseases.
Jones, R. H., R. O. Hayes, H. W. Potter Jr., and D. B.
Francy. 1977. A survey of biting flies attacking
equines in three states of the southwestern
United States, 1972. J. Med. Entomol. 14: 441447.
Nations, T. M., K. T. Edwards, and J. Goddard. 2016.
The George H. Bradley black fly papers.
Midsouth Entomol. 8: 73-75.
Nations, T. M., W. C. Varnado, A. Harrison-Lewis, J.
B. Malaquais, and J. Goddard. 2020. Survey
of adult black flies from ten sites in Mississippi.
J. Mississippi Acad. Sci. 65: 198-203.
Noblet, R., J. B. Kissam, and T. R. J. Adkins. 1975.
Leucocytozoon smithi: Incidence of transmission
by black flies in South Carolina (Diptera:
Simuliidae). J. Med. Entomol. 12: 111-114.

Stokes, J. H. 1914. A clinical, pathological, and
experimental study of the lesions produced by
the bite of the black fly, Simulium venustum. J.
Cut. Dis. Incl. Syph. 32: 1-46.
Webster, F. M. 1887. Simulium or buffalo gnat with
special reference to their injurious effects upon
animals. USDA Bureau of Animal industury,
4th and 5th Annual Reports. Washington, D.C.,
Vol 4. pages 456-465.
Webster, F. M. 1904. The suppression and control of the
plague of buffalo gnats in the valley of the lower
Mississippi River, and the relations thereto of the
present levee system, irrigation in the arid west
and tile drainage in the middle west., pp. 55-74.
Proceedings Twenty-Fifth Annual Meeting of
Society for Promotion of Agricultural Science,
Urbana, Illinois.

Rohner, C., C. J. Krebs, D. B. Hunter, and D. C.

Zema, N. 2011. Buffalo gnats a temporary nuisance. The

Currie. 2000. Roost site selection of great
horned owls in relation to black fly activity: an
anti-parasite behavior. Condor 102: 950-955.

October 2021, Vol 66, No 3

Natchez Democrat, Natchez, MS. Wednesday,
June 1 issue.

187

Journal of the Mississippi Academy of Sciences

Some Land Planarians and Freshwater Turbellarians (Platyhelminthes) from
Mississippi, USA
Benny Glasgow
101 William St., Vernon, AL 35592
*Corresponding author: Benny Glasgow
Email: wildnature52@yahoo.com
https://doi.org/10.31753/SPQQ6001_188

ABSTRACT
Turbellarians are reported at locations in the state of Mississippi from searches made May 2006 until April 2020. Reports
include freshwater and terrestrial planarians and microturbellarians from various orders. There are several new reports from
Mississippi. A discussion of the reported turbellarians and their diversity is given.

Keywords: Turbellaria, Land planarian, Tricladida, Mississippi, Rhynchodemus
planarians from eastern Tennessee (Chandler and
Darlington 1991), Alabama (Chandler and
Darlington 1982), and Great Smoky Mountains
National Park (Glasgow 2008). There are no specific
surveys known treating turbellarians from the state
of Mississippi. Generally, the turbellarian fauna of
the United States is poorly known and many areas
remain to be investigated (Kolasa 2001). The
following report provides an update of turbellarian
fauna from the state. To report on several land
planarian specimens and other turbellarians found at
locations in Mississippi is the purpose of the
following account.

INTRODUCTION
The turbellarians are members of the invertebrate
phylum Platyhelminthes and include numerous
species classified into several taxonomic orders.
Ehrenberg (1831) erected class "turbellaria" naming
it for the vortices or "turbulences" of the water
caused by movements of the animals' hair-like cilia.
Historically, the class "turbellaria" was described as
planarians and their relatives the rhabdocoels and the
other classes, all parasitic, were described as the
tapeworms (cestoda), and the flukes that were
sometimes divided into two classes (trematoda and
monogenea). The "turbellaria" is now considered an
invalid class because it is not monophyletic and
recent taxonomic schemes classify them into classes
Catenulida and Rhabditophora (Tyler 2004). The
former class turbellaria consisted of mostly freeliving or non-parasitic species with several parasitic
species (Tyler 2004). Turbellarians of the
geographic region of Mississippi were investigated
from May 2006 until April 2020. A total of 17
searched locations contained turbellarians and four
of the locations contained land planarians that are
members of the turbellarian group Tricladida (Lang
1884).

METHODS AND MATERIALS
Searches were made at 17 locations in the
geographic area of Mississippi, USA, to find and
identify turbellarians (Table 1). Different methods
were used in collecting the various turbellarian taxa
that include microturbellarians, generally less than 5
mm long, and the larger freshwater and terrestrial
planarians that are usually several millimeters long.
Searches for freshwater planarians that are visible
without magnification were made by looking on the
underside of rocks, wood, leaves, discarded trash, or
other materials lying in shallow water less than 25
cm in depth at streams, lakes, and ponds or pools.
Searches for land planarians were made by looking
under fallen branches, logs, bark, small rocks,
bricks, plant pots, plastic tarps, and other objects in
mostly moist terrestrial areas. Freshwater and
terrestrial planarians were collected by hand during
searches and fixed in 70 percent ethyl alcohol.

There are few previous reports of turbellarians
from the geographic area of Mississippi. The land
planarian Bipalium kewense was reported from
Biloxi, MS (Hyman 1954) and B. kewense has also
been reported from greenhouses in Mississippi
(Choate and Dunn 1998).
There have been a few turbellarian surveys from
nearby areas including treatments of freshwater
October 2021, Vol 66, No 3
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Table 1.
Site

Location Name,

County, State, Zip

Site description

Site species determinations

1

Amory, MS, Hwy. 278
Amory, MS, Hwy. 6
and Hwy. 25.
Buttahatchee River,
Greenwood Springs,
Hwy. 278 W.

Terrestrial/
Garden Center
Terrestrial/
Garden Center
Floodplain
backwater
pond

Geoplana arkalabamensis and Rhynchodemus sylvaticus.

2

Monroe County,
MS, 38821
Monroe County,
MS, 38821
Monroe County,
MS, 38848

Tenn-Tom Waterway
upper lake boat
launch, Amory MS
Tenn-Tom Waterway
upper lake boat
launch, Smithville, MS
Lake Estates,
Nettleton, MS

Monroe County,
MS, 38821

Lake

Monroe County,
MS, 38870

Lake

Lee County, MS,
38858

Pond and Lake

Near Shiloh Methodist
Church, Road 1205
Road 1205, Nettleton,
MS
Grant Wuichet City
Park, Plantersville, MS

Lee County, MS,
38858
Lee County, MS
38858
Lee County, MS,
38862

Ditch and pool

Ross-Barnett Dam
Reservoir, Hwy. 43 W.
Lower Pearl River,
Natchez Trace
Parkway
Belgrove Rd.,
Brandon, MS
Hwy. 45 N.,
Stateline, MS

Rankin County,
MS 39042
Madison County,
MS 39110

Lake

Rankin County,
MS 39042
Greene County/
Wayne County,
MS 39362

Terrestrial:
backyard
Stream and
pond

Military Road, Lake
Columbus, MS.
Military Road ditch,
Columbus, MS
Howard Creek.
Highway 12
County Line near
Richmond, MS

Lowndes County,
MS 39701
Lowndes County,
MS 39701
Lowndes Co., MS
39740
Lee/Itawamba
County line
38858

Lake

Stenostomum sp., Macrostomum tuba, Prorhynchus
stagnalis, Castrella pinguis, Gyratrix hermaphroditus,
Dalyelliidae, and Typhloplanidae (Rhynchomesostoma
rostratum?),
Castrella pinguis.

Ditch and pool

Unidentified planarian (Tricladida), Stenostomum sp.

Creek

Dugesia dorotocephala, Stenostomum sp.

Creek and
pond.

Stenostomum leucops, Macrostomum sp.,
Geocentrophora applanata, Dalyelliidae, Phaenocora
sp., Hymanella retenuova.

3

4

5

6

7
8
9

10
11

12
13

14
15
16
17

Terrestrial/
flower pots
Ditch and pool.

Lake and
River.

Catenula sp., Catenula lemnae, Microstomum sp.,
Macrostomum tuba, Stenostomum sp., Stenostomum
simplex, Stenostomum leucops, Castrella pinguis,
Dalyelliidae, Typhloplanidae, Rhynchomesostoma
rostratum, Mesostoma ehrenbergi, Phaenocora sp.,
Gyratrix hermaphroditus, Prorhynchus stagnalis,
Hymanella retenuova, and Geocentrophora applanata.
Stenostomum sp., Girardia tigrina, Macrostomum tuba,
Microstomum sp., and Dalyelliidae.
Catenula sp., Catenula lemnae, Stenostomum sp.,
Microstomum sp., Girardia tigrina, Rhynchomesostoma
rostratum, Castrella pinguis, Mesostoma ehrenbergi
Castrella pinguis, Dalyelliidae, Stenostomum arevaloi,
Stenostomum simplex, Catenula sp., Catenula lemnae,
Stenostomum sp., Rhynchomesostoma rostratum,
Gyratrix hermaphroditus.
Dalyelliidae, Macrostomum sp., Unidentified planarian
(Tricladida).
Bipalium kewense.
Unidentified planarian (Tricladida), Geocentrophora sp.,
Stenostomum sp., Stenostomum leucops, Macrostomum
tuba, Dalyelliidae, Gyratrix hermaphroditus, Hymanella
retenuova, and Geocentrophora applanata.
Girardia tigrina.
Dugesia dorotocephala, Macrostomum tuba, Mesostoma
ehrenbergi, Typhloplanidae (Rhynchomesostoma
rostratum?)
Bipalium kewense.

mud and submerged plant parts such as leaves and
parts of twigs and stems of woody plants that may
contain turbellarians. A few times, fine mesh nets
were used to collect floating masses of plants and
these were added to a collection container with water
from the site to make a sample. Sometimes parts of
aquatic or wetland plants were collected by hand and

Searches for mostly smaller freshwater planarians
and microturbellarians were made using aquatic
sampling techniques as follows: Most samples were
collected by dipping approximately 500 to 1000 ml
of water at a location with a glass or plastic
collection container and adding bottom sediments of
October 2021, Vol 66, No 3
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placed in a collection container with 500 to 1000 ml
of site water. The locations and dates of samples
were recorded in notes and containers were labeled
for identification with a collection number
corresponding to notes. Site locations were labeled
with a location name and the nearest zip code.

escape, and with a moist paper towel to prevent
drying and the container was ventilated daily.
Whole preserved specimens and whole mount
slides are deposited in collections of the National
Museum of Natural History, Washington, DC, or in
author collections.

After collection, aquatic samples were placed
indoors in temperatures near 20 degrees centigrade
and left undisturbed about 24 hours. Samples were
searched for turbellarians using a magnifying lens of
40x or more. Specimens were removed from
samples with a bulbar pipette and placed in a Petri
dish or on a glass slide in a drop of water and
examined with a compound light microscope or
stereomicroscope. Drawings and microphotographs
were made, and specimen observation notes
recorded. Some specimens were preserved in ethyl
or isopropyl alcohol for later study or to mount on
slides.

RESULTS
The specimens were identified and assigned to
the taxonomic categories below. Specimens that
were of uncertain identification were categorized to
the next higher taxonomic rankings; that is to genus,
family or order. The likely identification of some
specimens is provided in a few cases. The author is
responsible for all determinations provided.
The following species determinations were made:
Rhynchodemus
sylvaticus,
Geoplana
arkalabamensis, Bipalium kewense, Hymanella
retenuova, Girardia tigrina, Dugesia dorotocephala,
Catenula
lemnae,
Stenostomum
arevaloi,
Stenostomum simplex, Stenostomum leucops,
Macrostomum tuba, Prorhynchus stagnalis,
Geocentrophora
applanata,
Gyratrix
hermaphroditus, Castrella pinguis, Mesostoma
ehrenbergi, and Rhynchomesostoma rostratum.
Also, the following determinations were made on
specimens that were not identified to species rank:
Phaenocora sp., Geocentrophora sp., Catenula sp.,
Microstomum sp., Macrostomum sp., Stenostomum
sp., family Typhloplanidae, family Dalyelliidae, and
unidentified Tricladida.

A few land planarians were captured and
maintained alive in containers to study their
behavior. Microturbellarian specimens were
examined alive with squeeze preparations to make
identifications. Specimens were placed in a drop of
water on a slide and a cover slip was placed on the
specimens to immobilize them for viewing internal
identifying characteristics using a microscope. Some
specimens were destroyed in squeeze preparation
analysis and some were preserved in whole mounts
on slides using polyvinyl-alcohol mountant as
described by Lubkin and Carsten (1942), that is
commercially available.

Land planarian reports from Mississippi

A planarian specimen and its egg were fixed in
70 percent ethyl alcohol, serial sectioned at 5
microns, stained with hematoxylin-eosin, and
mounted on slides. Specimen slides were viewed
with a microscope to analyze tissue morphology for
identification.

Order: Tricladida; Family: Geoplanidae;
Subfamily: Rhynchodeminae
Rhynchodemus sylvaticus Leidy 1851
One specimen of this land planarian species was
collected in early May 2006 at Amory, Monroe Co.,
MS, during a long search of bedding plants at a retail
garden center. The specimen is preserved whole in
alcohol. The specimen measured about 7 mm long
alive, appeared a gray color, had a creeping sole
with muscular mid-ventral ridge, and a pair of eyes
was visible on the anterior end. These characteristics
are also visible in the whole preserved specimen.
The current report is the first known report of the
species from Mississippi.

A few C. pinguis specimens were cleared with an
application of about five percent sodium
hypochlorite (NaClO) solution diluted with equal
amounts of water to better study internal anatomical
structures.
A B. kewense specimen from Lee Co., MS, was
found broken in two and both parts were collected
and kept in a plastic container with a lid to prevent
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Rankin County, MS (Table 1). None of the
specimens were found in greenhouses in the present
study; however, some specimens were found near
plant pots and their presence is likely associated with
the commercial plant trade and some apparently
were established in natural areas. The animal at the
Brandon, MS, location was found under a brick in
the back yard of a residence. Specimens in Lee
County were found around the bottom of potted
plants in a yard and on a concrete carport and porch
at a residence. The animals apparently live in
crevices under the concrete floor of the carport
where they shelter from freezing temperatures or dry
summer conditions. Bipalium kewense is previously
reported from Mississippi (Choate and Dunn 1998;
Hyman 1954).

Order: Tricladida; Family: Geoplanidae;
Subfamily: Geoplaninae
Geoplana arkalabamensis (Ogren and Darlington
1991)
This species was described from specimens
collected in Arkansas and Alabama and this is the
origin of the species name (Ogren and Darlington
1991).
Several individuals of the species were found at
two garden center locations in Amory, Monroe, Co.,
MS. A few specimens were collected in 70% ethyl
alcohol. Some individuals were found with red eggs
(cocoons containing several embryos) that changed
gradually to dark brown or black several hours after
being deposited by the planarians. Some of the eggs
were collected in alcohol.

Recognizable external features of the species are
the shovel shaped or lunate (half moon) shaped head
and five dark purple to black stripes on a yellow,
olive, or grayish ground (Hyman 1943). The
animal's often-used common name, hammerhead
worm, is given from the odd head shape that
superficially resembles a hammer (i.e., Hammerhead
shark). Some individuals of the species may attain a
length of 30 cm (Chandler 1974), but no specimens
were found of this length.

Some adult individuals and eggs were collected
and observed for several weeks in a closed container
that is needed to prevent their escape. Some
specimens were found on moist bottoms of potted
plants with labels from nurseries in south Alabama,
one location where G. arkalabamensis was
originally reported (Ogren and Darlington 1991).
Specimens were black, without longitudinal
stripes, and several centimeters long and often had
brown areas or blotches on the anterior part of the
body. The ventral body was translucent or
unpigmented white and had a creeping sole covering
the entire ventral area and without a muscular midventral ridge. Numerous anterior eyes are seen on a
cleared specimen in alcohol. Specimens were found
with many empty snail shells that the planarians may
have preyed upon, completely devouring the snails.
Attempts to feed specimens earthworms were not
successful.

Attempts to feed earthworms to B. kewense
specimens were not successful. The land planarians
avoided the living earthworms placed in the
container and they seemed mostly involved in trying
to escape or to hide in dark places under objects.
Materials: A dried specimen in a container and a
specimen in alcohol.
A B. kewense individual from Lee Co., MS, was
found broken in two and both parts were collected
and kept in a plastic food container with a lid to
prevent escape, and with a moist paper towel to
prevent drying and the container was ventilated
daily. After a couple weeks to a month, the animal
regenerated a posterior part and its previous tail part
grew a head to form a new animal or clone. The
worms were not observed to be cannibalistic.

Many of the animals were found in about six
searches at the two locations. Additional searches at
these locations did not find more specimens.
Materials are whole preserved specimens and a
cocoon.
Order: Tricladida; Family: Geoplanidae;
subfamily: Bipalinae
Bipalium kewense Mosely 1878
Several individuals were found from Lee County,
MS, and one individual was found from Brandon,
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developed copulatory apparatus. This would seem a
logical conclusion also since an egg was produced
by the specimen. Eyes and brain is seen on anterior
end and located immediately posterior to the eyes
are ovarian follicles or ovaries. Several testicular
follicles are seen and are prepharyngeal and ventrolaterally situated. The penis bulb is small and
without bulbar chamber. The seminal vesicles, that
are swollen parts of the sperm ducts, have
hematoxylin staining and are seen to combine and
transverse the penis papilla of the male copulatory
apparatus as is described by Kenk (1972). A female
antrum is not seen. The bursal duct was not seen.
The common antrum, that has a wide connection
with the male antrum, is comparatively large and has
thick lining or epidermis of hematoxylin stained
tissue. It is thought the egg (a cocoon with several
eggs) was stored or held in the body in the common
antrum close to the reproductive opening or
gonopore. The longish ovoid-shaped egg or cocoon
of the slide sections has no developed embryos
visible and only some hematoxylin stained tissue
that could be eggs or undeveloped embryos is seen.
The cocoon of eggs is mostly filled with nourishing
yolk cells and is surrounded by a thin tough yellow
or orange chitinous shell. The characteristics of the
copulatory apparatus of the specimen are consistent
with descriptions of H. retenuova and is the
proposed identification of the specimen. The serial
section slides did not show an adenodactyl and its
absence would eliminate the similarly appearing
species Planaria dactyligera that has this structure.
Materials are one whole preserved specimen and one
specimen on stained serial section slides with its
cocoon.

Freshwater planarian reports from
Mississippi
Class: Rhabditophora; Order: Tricladida
Family: Planariidae
Hymanella retenuova, Castle 1941
Three locations had specimens identified as
Hymanella retenuova (Table 1). All specimens
occurred in aquatic samples and not in hand searches
and all specimens were comparatively small being
10 mm long or less.
Planarians from the Buttahatchee River
backwater location (Fig. 1) were collected from 6
Apr. 2008 until 4 Mar. 2009. Some occurred in
aquatic samples from the base of a cypress sapling
near the shore of the backwater site. Similar
specimens were observed at the Plantersville City
Park location and the Richmond, MS, location
March 2020 (Table 1). The specimens from these
locations match most closely with the descriptions of
Hymanella retenuova provided by Kenk (1972). The
size, shape, and coloration, along with the presence
of a dark red or brown egg in the body of specimens
are most consistent with H. retenuova.

Hymanella retenuova was described from New
England, U.S.A., and the new genus was named for
Libbie H. Hyman (Castle 1941). The species name is
derived from the species’ retaining of the cocoon or
“egg” in the body for an extended period of time
before it is deposited and several specimens
collected had cocoons in the body. Kenk (1972)
reported the species from Massachusetts, North
Carolina, and Ontario and states it is widely
distributed. Chandler and Darlington reported it
from west Tennessee (Ball, et. al 1981), and Longest
(1966) reported it from Louisiana. Kenk (1989) and
Ball et. al (1981) reports Phagocata vernalis is
synonymous with Hymanella retenuova. These

Fig 1. Photograph of Triclad planarian from Buttahatchee
River site with egg in body.

Stained serial section slides were analyzed of a
specimen along with its cocoon or egg that was
expelled from the body upon fixation in 70% ethyl
alcohol. The slides indicate the egg ruptured the
body wall when it was expelled yet this is not
certain. The specimen appears mature with
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reports are few and additional reports of Hymanella
retenuova would help in understanding the species’
distribution.

Microturbellarian reports
Class: Catenulida; Order: Catenulida; Family:
Catenulidae

Other similar species from Kenk's key (Kenk
1972) are Dugesia polychroa, Paraplanaria occulta,
Planaria dactyligera, and Phagocata velata. These
species have quite different copulatory apparatus
morphology from Hymanella retenuova and are not
like the sectioned and stained specimen.

Genus Catenula
Catenula sp.
Three locations contained unidentified Catenula
(Table 1). The Stateline site, the Buttahatchee
backwater site, and Lake Estates site contained
individuals having characteristics of genus Catenula
described by Nuttycombe (1956).

Order: Tricladida; Family: Dugesiidae
Genus Dugesia

Catenula lemnae (Duges 1832)

Dugesia dorotocephala, Woodworth 1897

Three sampled locations contained Catenula
lemnae (Table 1). Locations where the species was
found are Tennessee-Tombigbee Waterway,
Smithville, Monroe Co., MS; Lake Estates pond,
Lee Co., MS; and Buttahatchee River backwater,
Greenwood Springs, Monroe Co., MS. Collected
individuals had characteristics given in the
identification key by Nuttycombe (1956).

One individual was observed in a hand search
from Howard Creek, Lowndes Co., MS, and a few
individuals were found in an aquatic sample from
lower Pearl River north of Ross Barnett Reservoir at
a location on the Natchez Trace, near Jackson,
Rankin Co., MS (Table 1). The species is
characterized by a brown pigmented epidermis, a
triangular-shaped head with projecting auricles, and
mature individuals may be 30 mm long (Kenk
1972).

Class: Catenulida; Order: Catenulida; Family:
Stenostomidae

Genus Girardia

Genus Stenostomum:

Girardia tigrina (Synonym: Dugesia tigrina).

Stenostomum sp.

A few specimens were found in searches at the
Tennessee-Tombigbee Waterway at Smithville,
Monroe Co., MS and at Amory, Monroe Co., MS,
and individuals also occurred at the Wayne Co., MS
site (Table 1). The specimens were collected from
aquatic dip samples or from hand collections of
submerged aquatic plants. Collections of aquatic
plants from the Smithville, MS, location contained
several individuals of the species. Materials: One
specimen from Wayne Co., MS site on whole mount
slide.

Many samples contained unidentified individuals
of genus Stenostomum (Table 1). The genus is
common in many habitats and was the most often
occurring genus in aquatic samples. There was some
differences noted among specimens and there were
likely more than one species. Materials are two
specimens on whole mount slides.
Stenostomum arevaloi (Gieysztor 1936)
Two samples from Lake Estates, Lee County,
MS, contained S. arevaloi (Table 1). The species
was described from Spain (Gieysztor 1936) but it
has been reported from North America from the
United States (Ferguson, et. al, 1939). The species is
comparatively large for the genus and chains of
zooids may be several millimeters long. The
characteristic pattern of the refractive bodies and the
noticeable projecting dorsal extension of the tail of
the species is diagnostic (Nuttycombe and Waters
1938). This is the first known report of the species
from Mississippi.

Order: Tricladida
Unidentified planarians (Order Tricladida).
Three locations had unidentified planarians
identified only to order Tricladida (Table 1). These
were one individual from Plantersville city park site,
Lee Co., MS; one planarian from a site in Lowndes
County, MS; and three planarians from the Shiloh
Church site, Lee Co., MS.
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Stenostomum simplex Kepner & Carter 1931.

caused by the body exterior covering or
unpigmented epidermis, mostly parallel sides for
almost the entire body length, and a pair of eyes
each consisting of two pigment spots connected by a
thin line of pigment.

Two aquatic samples near Lake Estates, Lee Co.,
MS, and one aquatic sample from the Buttahatchee
River location, Monroe Co., MS, contained a few
individuals identified as Stenostomum simplex
(Table 1). Nuttycombe and Waters (1938) provides
descriptions.

Hayes (1945) states that C. pinguis specimens he
collected were 1.0 to 2.0 mm long. Specimens of the
present report were mostly about 1.0 mm long, and a
few were about 1.3 mm long. The pharynx was
usually lightly pigmented and the intestine was
darkly pigmented. The copulatory morphology of
some specimens was viewed using squeeze
preparations and the male stylet was visible. The
stylet structure can also be viewed in whole mount
slides. Sites the species occurred were Buttahatchee
River Backwater site at Hwy. 278 W., Monroe Co.,
MS; Military Road pond, Lowndes Co., MS; Lake
Estates, Lee Co., MS; Tenn-Tom Waterway,
Smithville, Monroe Co., MS; and Stateline, Hwy. 45
N., Wayne Co., MS.

Stenostomum leucops (Duges 1828)
Three locations had at least a few individuals of
S. leucops (Table 1). The sites were Buttahatchee
River backwater, Monroe Co., MS, Plantersville
City Park site, Lee Co., MS, and Richmond
temporary pool site, Lee Co., MS.
S. leucops is a problematic species and this is the
same for many species of the genus Stenostomum.
Some turbellarian researchers have considered it an
invalid species and one that is poorly described or
often misidentified (Nuttycombe and Waters 1938;
Marcus 1945). A recent study by Rosa et. al (2015)
states it may be a species group containing several
similar species. Some specimen characteristics
observed in the present study were like those
described for S. leucops (Norena-Janssen 1995).

Materials are ten specimens on whole mount
slides.
0.25 mm
mm

Order: Rhabdocoela;
suborder: Dalytyphloplanida;
Family Dalyelliidae
Genus Castrella.
Castrella pinguis (Silliman 1884)
A total of 45 collections at five locations
contained specimens identified as Castrella pinguis
(Table 1). Silliman described C. pinguis in 1884 as
an American species of Castrella. Hayes (1945)
gave a more detailed description of C. pinguis and
reported it from New York, Virginia, and Wisconsin.
Hayes
(1945)
also
provides
information
distinguishing the species from Castrella truncata, a
similar species that was reported from Europe. The
two species are included in the monograph by Luther
(Luther 1955). C. truncata is a cohabitant with C.
pinguis in the Northeast part of the United States
(Van Steenkiste, et al 2011b).

Fig 2, Photograph of Unidentified Dalyelliidae (Fig. 2)

A total of eight collections at several sites
contained unidentified specimens belonging to the
family Dalyelliidae (Table 1). Most individuals
observed were small but a few were larger than 1
mm long and one was 2.5 mm long. Some
specimens had green pigmentation in the body from
symbiotic algae or zoochlorella that contain
chlorophyll. Specimens had a pair of pigmented eyes
on the anterior end. Specimens mounted on slides
with polyvinyl alcohol mountant retained their
pigment and eyes remain visible after mounting. The
six locations of the specimens are Buttahatchee
River backwater, Monroe Co., MS; Tenn-Tom
Waterway, Amory, Monroe Co., MS; Lake Estates,

When viewed in vivo under magnification,
specimens matched those of Hayes (1945): dark gray
to black pigmentation, halo effect around specimen
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Lee Co., MS; Road 1205, Lee Co., MS; Plantersville
city park, Lee Co., MS; and Stateline, Wayne Co.,
MS. Materials are three whole mount slides.
Order: Rhabdocoela;
suborder: Kalyptorhynchia;
Family: Polycystididae
Gyratrix
complex

hermaphroditus

Ehrenberg,

species

0.5 mm
Fig 3 Photograph of Rhynchomesostoma rostratum

Gyratrix hermaphroditus is a species complex that is
cosmopolitan in occurrence (Curini-Galletti et al.,
1998). Specimens were found at a few locations in
Mississippi (Table 1). At least 10 occurrences of the
species group were observed from samples taken at
the Buttahatchee River location. Specimens mostly
measured 1.0 to 1.3 mm long with a few specimens
less than 1.0 mm long. Other locations the species
group was collected are near Stateline, Wayne Co.,
MS, and Lake Estates area near Nettleton, Lee Co.,
MS (Table 1). Material: Specimen on whole mount
slide. Specimen retained eye pigmentation after
mounting in polyvinyl alcohol and the male
copulatory stylet is also visible.

Five sites had specimens identified as R.
rostratum (Table 1). At least ten individuals of R.
rostratum were observed to have almost fully
developed embryos in the body. The embryos were
spherical in shape and in some specimens these
numbered eight or more. Under magnification,
eyespots and rostrums were visible with each
embryo. Upon the disintegration of the parent the
embryos immediately began moving on their own.
Higley (1918) reported on developed embryos in the
body of some Typhloplanid specimens she studied.
Material: Five specimens on whole mount slides.
Eye pigmentation is not visible in the mounted
specimens as it is cleared by the polyvinyl alcohol
mountant.

Order: Rhabdocoela;
Family: Typhloplanidae;

Order: Rhabdocoela;

Subfamily: Phaenocorinae

Family: Typhloplanidae;

Genus: Phaenocora sp.

subfamily: Mesostominae

Two locations were found to have unidentified
Phaenocora, a genus of family Typhloplanidae
(Table 1). One specimen from the Richmond, MS,
site was mounted on a slide in polyvinyl-alcohol
mountant. Noticeably, the mountant caused clearing
of the specimen after a few days and the prominent
black or dark brown eyes faded to red and later the
pigment and eyes became practically undetectable.
Phaenocora specimens were not identified to
species. Material: A specimen on whole mount slide.

Genus: Mesostoma.
Mesostoma ehrenbergi (Focke 1836) (Fig.4)

Order: Rhabdocoela;

0.5 mm

Family: Typhloplanidae,

Fig 4. Photograph of Mesostoma ehrenbergi

Subfamily: Rhynchomesostominae

This species occurred at three locations in 10
collections (Table 1). The Buttahatchee River
backwater site had specimens in eight collections.
Some specimens were observed with eight or more
dark red or orange cocoons in the body. Specimens

Rhynchomesostoma rostratum (Mueller 1773) (Fig. 3)
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were flat and leaf-like and mostly transparent with
some having glass-like clearness. Some individuals
had yolk glands (star-shaped structures) in the body.
Specimens had two medially placed eyes at anterior
end and a bluntly pointed anterior end. When
disturbed by a pipette, the worms would flutter
rapidly. Sometimes they would flutter in place and
could easily be drawn into the pipette. The fluttering
behavior may be a defense against predation and
also shows rudimentary swimming ability and
demonstrates that they can move energetically. M.
ehrenbergi is similar to R. rostratum in general
appearance but is smaller and lacks elliptical shaped
eyes and specimens were broader and leaf-like in
appearance with a short pointed extension (tail) at
the posterior end. Similar short and pointed tails are
seen in other turbellarians, such as Phaenocora for
example. Cocoons but not developing embryos were
seen in the reproductive systems of specimens.

3 mm long. Specimens were collected from ditches
or pond-like waters but the species is considered
common in many kinds of freshwater habitats.
Specimens mounted with polyvinyl alcohol faded
after mounting and did not retain eye pigmentation
that is a red or brown color. At a few sites, some
specimens were only identified to genus
Geocentrophora and no species determination made
(Table 1).

Order: Rhabdocoela;
Family: Typhloplanidae
Unidentified Typhloplanidae
Fig 5. Photograph of Geocentrophora applanata from
Buttahatchee River site

A total of five samples at three locations
contained representatives of family Typhloplanidae
that were not identified to genus or species (Table
1).

Class: Rhabditophora;
Order: Dolichomicrostomida;

Order: Lecithoepitheliata;

Family: Microstomidae

Family: Prorhynchidae

Genus: Microstomum Schmidt 1848

Genus: Prorhynchus

A few unidentified Microstomum specimens were
observed from four collections (Table 1). Specimens
were over 1.0-mm long chains of zooids with most
being almost transparent. A few chains of specimens
were comparatively large for microturbellarians
being a few millimeters long. Specimens had a preoral extension of the gastric cavity with mouth
ventrally located. Specimens are eyeless with lateral
ciliated pits that may be red in color. All the
specimens examined were likely M. lineare;
however, identification of specimens was not
concluded with certainty. Specimens were taken in
samples from Buttahatchee River backwater,
Greenwood Springs, Monroe Co., MS, and
Tennessee-Tombigbee
Waterway,
Smithville,
Monroe Co., MS.

Prorhynchus stagnalis Schultze 1851
Three locations had occurrences of P. stagnalis
(Table 1). P. stagnalis has cosmopolitan distribution
and is common in many aquatic habitats in the
eastern US. Three species of genus Prorhynchus are
reported
from
the
United
States
(turbellaria.maine.edu,
accessed
2020).
All
specimens examined were identified as P. stagnalis.
Genus Geocentrophora de Man 1876
Geocentrophora applanata Kennel 1888
Three locations contained the species G.
applanata (Table 1) (Fig. 5). Two samples from
Buttahatchee River, Monroe Co., one sample from
Plantersville, Lee Co., and one sample near
Richmond, Lee Co., had specimens that were 1.0 to
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cosmopolitan or world-wide in distribution, i.e.
Macrostomum tuba, Prorhynchus stagnalis, or
Stenostomum arevaloi.

Class: Rhabditophora;
Order: Macrostomida;
Family: Macrostomidae

Land planarians are generally carnivorous
predators and do not feed on plants. They primarily
feed on animals that eat plants including some plant
pests. They are known to feed on helpful animals
such as earthworms (Hyman 1954). The land
planarians of this report are not considered a cause
for concern. Specimens did not occur in great
numbers and were not found feeding on earthworms.
Some specimens were probably feeding on land
snails and small arthropods.

Genus Macrostomum
Macrostomum tuba Graff 1882
It was determined that 20 samples from five
locations contained M. tuba (Table 1).
Identifications were made from observations of
copulatory apparatus in squeeze preparations. The
species occurred at Buttahatchee River site, Monroe
Co.; Amory at Tenn-Tom Waterway, Monroe Co.;
Lower Pearl River, Madison Co.; Plantersville city
park, Lee Co.; and Stateline, MS, site, Wayne Co.

Biodiversity studies like the present report are
important in understanding the biology and ecology
of the many life forms found in natural areas.

Macrostomum sp.
A few specimens of Macrostomum were found at
some locations (Table 1) that were not identified to
species. Locations of these specimens were TennTom Waterway Amory, MS; Tenn-Tom Waterway
Smithville, MS; Lake Estates, Lee Co., MS; Wayne
Co., MS; Buttahatchee River, Monroe Co., MS; and
Road 1205 at Shiloh Church ditch site, Lee Co., MS.
In most of the occurrences, the unidentified
Macrostomum was thought to be M. tuba.
Specimens were lost in analysis.

The author thanks Dr. Clay Chandler and Dr. Julian
Darlington for their helpful suggestions and providing
some materials. Thanks to Paula Pierce and Excalibur
Pathology for assistance on histology and laboratory
analysis. Thanks to Lukas Scharer for looking at a few
Macrostomum specimens. Thanks to Seth Tyler of
Department of Ecology at University of Maine, Orono,
ME, and the Turbellaria Taxonomy web site for providing
some turbellarian reference materials.
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ABSTRACT
A Paleontological Outreach and Education Grant received from the Paleontological Society has inspired K-12 students,
teachers, Delta State University students and educators about the diversity, abundance, and preservation of fossil resources
throughout northern Mississippi. During the 2019-2020 academic year, more than 50 participants attended one or more events.
Three field trips to fossil rich resources and a local museum that possessed exhibits about fossils transpired: the Mississippi
Petrified Forest with the Mississippi Museum of Natural Sciences, Paleozoic invertebrate and late Pleistocene vertebrate and
plant fossils at Nonconnah Creek with the Pink Palace Museum in Memphis, TN and the Union County Museum with a Late
Cretaceous Coon Creek site in Union County, MS. Additionally, a one-day workshop occurred in which participants learned
how to do various hands-on paleontological activities that researchers incorporate or that convey important paleontological
concepts: casting sieving, creating acetate peels from coal ball specimens, investigating virtual website tours of paleontological
sites, determining past climates using leaf margins from fossil leaves, developing a geological timeline, and more. Overall,
participants gained insight into multiple areas of paleontology and discovered how paleontology integrates and embraces many
disciplines including geology, environmental science, evolutionary biology, and systematics. The fieldwork and museum
experiences have fulfilled several K-12 science education benchmarks. These opportunities also increased networking
opportunities with other professors and professionals from other local institutions including Mississippi Valley University,
Mississippi State University, University of Memphis, Mississippi Office of Geology, and Mississippi Museum of Natural
Science.

Keywords: experiential learning, field work, informal science education, paleontology
science. Most schools infuse some geoscience topics
within their other science courses (NGSS Lead States,
2013), but their curriculum does not allow for a
course in earth science. Therefore, concepts
pertaining to earth science and natural history, such
as geology and paleontology are overlooked and
underappreciated. Few students living in the
Mississippi Delta have ever found a fossil and many
are unaware of these scientific resources and career
fields.
Delta State University (DSU) is a Carnegie Master’s
I publicly funded regional university located in
Cleveland, Mississippi. The university is charged
with developing and implementing educational
outreach programs to help the development of
scientific literacy among citizens, recruit students and
enhance science learning opportunities in the Delta.
DSU’s College of Arts and Sciences is home to the
Division of Mathematics and Sciences that offers
undergraduate degree programs in biology and
environmental science. Geological concepts
including geologic time, fossilization, rock and
mineral
identification,
soil
composition,

INTRODUCTION
Many children are naturally curious and fascinated
about nature. They regularly asked questions about
flowers, insects, rocks, shells, minerals, and more that
they encounter in the field (Dockery et al., 2008).
Field trips to outdoor areas often enhance cognitive
development, motivation, and curiosity (Hurd, 1997).
They can expose individuals to a wide variety of
experiences that can enhance investigation and
discovery (Hurd, 1997). Field trips can also offer
unique learning opportunities for students who come
from schools and regions that are economically
disadvantaged as many students in these areas may
have never left their hometown.
A large percentage of the Mississippi Delta
consists of low income and minority populations.
Public as well as private K-12 schools in the
Mississippi Delta are economically disadvantaged.
Many public-school teachers in this area as well as
other regions in the state have little flexibility in their
curriculums. They spend most of their time teaching
concepts that are related to state tests. Science courses
mainly focus on biology, chemistry, and general
October 2021, Vol 66, No 3
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groundwater, river flooding, glaciation, evolution,
and more are integrated in various biology and
environmental science courses. In June 2019, The
Paleontological Society awarded Delta State
University (DSU) faculty, Nina Baghai-Riding
(Professor of Biology and Environmental Science)
and Robert Kagumba (Assistant Professor of Biology
Science Education) an Outreach and Educational
grant titled “Improving Scientific Education in the
Mississippi Delta Through Paleontology”. The grant
has instructional goals that entailed providing an
enriched field experience in science and interactive
educational hands-on activities that would improve
scientific awareness of paleontological resources in
Mississippi to 5-12 grade students that live in the
Mississippi Delta. Activities were organized into
modules and creative thinking applications. Emphasis
was placed on fossilization, geologic time, global
climate change, and paleoecology of past ecosystems
that existed in Mississippi. Other goals were to have
a few undergraduate students majoring in
Environmental Science and Biology Education to
assist the 5-12th grade youth in interpreting
paleontological concepts and to have educational
components aligned with core elements of the
Mississippi College and Career Readiness Standards
(MSCCRS) in the Life sciences and Earth and Space
studies.
Northern and central Mississippi contains a wealth
of fossil assemblages that range in geologic time from
Late Cretaceous to Holocene, possess various types
of fossilization, and provide insight of ancient
depositional environments, food webs, and
ecosystems. For example, the Coon Creek Formation
in northeastern MS and western TN is rich in crabs,
sponges, corals, crustaceans and bivalves (Dockery &
Thompson, 2016). The Forest Hills Formation
contains petrified logs of 36-million-year-old trees
that range 5.5 feet in diameter; excellent specimens
occur in the Mississippi Petrified Forest near Flora.
MS (Blackwell et al., 1980; Dockery & Thompson,
2016). Gravel bars along the Mississippi River
possess diverse remains of Late Pleistocene
vertebrates (Baghai-Riding et al., 2017) as well as
Silurian, Devonian, and Mississippian age fossil
invertebrates from ancient river systems. Many fossil
sites are within a 150-mile radius of DSU and are
suitable as one-day field trips.
Role of field trips in improving student learning
The number of high schools that offer geoscience
courses continues to decline despite the integration of
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the geosciences within the Next Generation Science
Standards (NGSS Lead States, 2013) and the
Mississippi State College-and Career Readiness
Standards. In addition, when students do not have
access to opportunities to learn geoscience topics in
the field or lab setting and are subject to traditional
lecture formats, this can also lead to declining interest
in geology (Krockover et al., 2002). Learning in the
field is one approach that is a non-traditional method
of instruction that can support student learning and
interest in the geosciences. Field trips provide the
opportunity for students to develop problem solving
skills, identify geologic phenomena in the field, and
improve their spatial thinking skills (Mogk &
Goodwin, 2012). Initially, students will likely
struggle with identifying some geologic phenomena
on their own which is why experts are needed. The
role of the expert should be to approach learning in
the field through a cognitive apprenticeship (Dennen
& Burner, 2008) which requires an approach to
learning in which the teacher models thinking like a
scientist and provides guidance during the initial
phases of learning. Tasks and questions within field
work can gradually become more complex
throughout the field trip and require that the student
collaborate with others to make sense of what they are
observing in the field. As stated previously, the
following field trips are within 150 miles of DSU and
were made possible with funding support. While this
is not possible for every educator, virtual field
experiences may be used as a substitute and are
efficacious (Bursztyn, et al., 2017).
Recruitment
A flier was designed emphasizing the dates of the
three field trips, the one-day workshop, and some
professionals that would be assisting with various
activities. The flier was sent via US mail to principals
of 20 local schools in Cleveland and Greenville, MS
in late July. An electronic copy of the flier was sent
to the Memphis Geological and Archeological
Society, 4-H leaders, and local colleagues. A short
write-up regarding the award also was featured on
DSU Media Highlights and in the Bolivar
Commercial Newspaper. Acquisition of the grant also
was publicized on the 6 p.m. and 10 p.m. local ABC
news television broadcast on July 24, 2019. K-12
students were required to submit permission forms
prior to participate and DSU faculty and students
were required to acquire certified background checks
before working with K-12 individuals. Overall, more
than 50 participants, not including the organizers,
were exposed to the diversity, abundance, and
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preservation of fossil resources in northern and
central Mississippi. Participants included 26 K-12
students, five teachers/professors including one from
Valley State University and another from Mississippi
State University, five DSU undergraduate science
majors, DSU Communications and Marketing, and a
few parents.
Preparation for field trips
Each participant was provided with a sturdy,
plastic storage box that could fit under the seat of a
15-passenger van. The box contained plastic sealable
bags for storing fossils, a postcard map of the
Geology of Mississippi, a 10x hand lens, safety
googles, notebook, pencils, markers, and name tag on
a lanyard. A question sheet was constructed prior to
each event and placed in their storage box. Water and
drinks, snacks, blankets, rock hammers, chisels,
trowels, and first aid equipment were provided.
Lunch (sandwiches) were kept in a cooler bag until
they were ready to eat.
An informative group email was sent out to each
participant two weeks and a few days prior to each
activity as a reminder. In alignment with standard
safety protocols, participants would be notified as to
what to wear, items to bring such as a camera, time of
departure and return, expectations regarding fossils
they could collect, and more. For the New Albany trip
participants were notified that they could collect
bucket-full of fossils. On each field trip, everyone was
told to have a buddy as well as who to notify in case
an emergency transpired.
The three one-day (Saturday) field trips were
spread over four months (late August to early
December 2019). Each trip lasted for about 10 hours
(8:00 a.m. – 6:00 p.m.). Each trip focused on a
specific region in northern or central Mississippi and
highlighted a different geological age that possess
paleontological
significance.
Vertebrate,
invertebrate, and plant fossil localities were
incorporated as well as paleoenvironmental and
depositional environmental settings, collecting
techniques and preservation. A professional
paleontologist or geologist, who was familiar with the
local region, was contacted in advance and asked to
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accompany the fieldtrip; the professional would
explain the importance of paleontological resources,
answered questions, and assist in collecting fossils.
A local museum that was near the field site that
possessed significant paleontological resources were
contacted regarding hours of operation and group
rates: Mississippi Museum of Natural Sciences
(MMNS) in Jackson, MS; Pink Palace Museum in
Memphis, TN; and the Union County Heritage
Museum in New Albany, MS.
FIELD TRIP ACTIVITIES
Field trip #1
The first field trip occurred on August 24, 2019,
and exposed participants to the Mississippi Petrified
Forest in Flora, Madison County, MS, and the
Mississippi Museum of Natural Science (MMNS) in
Jackson, MS (Figure 1). The purpose of this trip was
to emphasize the preservation of well exposed
fossilized wood and to understand how fossils are
prepared for museum display as well as for research.
Petrified wood is Mississippi’s official state stone
(Dockery et al., 2008).
This Mississippi Petrified Forest is privately
owned and was recognized as a national landmark on
June 4, 1966 (Dockery & Thompson, 2016). It
contains the largest public display of fossilized wood
east of the Mississippi River in the United States
(Clary & Wandersee, 2012). The petrified logs are
Oligocene and are abundant throughout the eroded
badlands. Participants walked and made observations
along the ½ mile self-guided nature trail. Signage is
minimal, but a trail guide given out upon entrance to
the park explained the 26 marked points along the
trail. Participants separated into groups and were
expected to recognize the three geologic formations
exposed along the trail: the Yazoo Clay in the Jackson
Group, Oligocene Forest Hill Formation, and preloess terrace Pleistocene deposits. Students further
identified each of these geologic formations by
information from their brochure and key
characteristics identified by the instructor. They noted
color, texture, weathering characteristics, grain size
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Figure 1. Field trip to the Mississippi Petrified Forest in Flora, MS (Figures 1A &1D) and the Mississippi Museum of Natural
Science (MMNS) in Jackson, MS (Figures 1B & 1D). Mr. George Phillips, State Paleontologist at MMNS is giving a behind
the scenes tour to some of the Paleontology Outreach and Education participants (Figure C). Figures 1B-1C were taken by
Rachel Beecham and Figures 1A and 1D were taken by Nina Baghai-Riding.

and sorting of each geological unit using their hand
lens, notebooks, and senses. Questions participants
asked Drs. Baghai-Riding and Kagumba (Figure 1A)
throughout the walk were how the large, petrified logs
became deposited and exposed, what type of wood is
preserved; how the trees became permineralized with
silica, what causes the red-yellow mineralization
staining that is associated with the Forest Hill
sandstone, why petrified logs weighed up to 15,000
lbs. (Figure 1D), how the past paleoenvironment, in
which the fossilized trees existed, is different from the
present-day environment, and how scientists deduced
the age of the logs. Participants also were curious as
to how living plants were growing through cracks and
crevices in the petrified logs. Instructors showed the
participants how many of these questions could be
answered by staying on the trail and not defacing the
October 2021, Vol 66, No 3

outcrops. Further discussions about these questions
occurred while having lunch at the Mississippi
Petrified Forest pavilion. Additionally, participants
visited the small museum at the end of the trail and
learned that petrified wood is ubiquitous and is found
on every state and continent. A map in the museum
marks locations as that possess fossilized wood
specimens; another map indicates that petrified wood
has been found in most counties throughout
Mississippi.
Following lunch, the field trip participants met Mr.
George Phillips, State Paleontologist at MMNS. Mr.
Phillips divided the group into three groups of 8 – 10
participants; each group spent 30 – 45 minutes
looking at behind the scenes exhibit preparation
(Figure 1C). Mr. Phillips explained how fossil plants,
vertebrates, and invertebrates are excavated,
202

Journal of the Mississippi Academy of Sciences

prepared, and put on permanent display. While
waiting for their turn, other participants observed
museum fossil displays that ranged from the
Paleozoic to Recent with emphasis on Basilosaurids,
the state whale fossil, and late Pleistocene ice-age
fossils. Other participants explored and examined the
fossil sand pile in the back-parking lot using trowels
and picks. The pile was from the 10-foot thick,
fossiliferous sand unit from the Late Eocene
(Jacksonian) Moody Branch Formation. The sand
was transported by dump trucks at the expense of Dr.
David Dockery, state paleontologist. Specimens the
participants collected included shark’s teeth, corals,
bivalves, gastropods, and more. The paleoecology
and fossil preservation of the unit was contrasted to
the Forest Hill sediment that participants visited early
in the day. Key differences included marine versus
terrestrial units and these inferences could be made
based upon the types of fossils that were identified.
Overall, participants were most impressed with Mr.
Phillips knowledge about fossils and fossil
preparation, viewing the abundance of large, petrified
logs, and recovering sharks’ teeth from the sand pit.
Field trip #2
On September 28, 2019, field trip participants
toured the fossil exhibits at the Pink Palace Museum
to discover and recognize various ice age mammals,
turtles, and fish that are known from the late
Pleistocene and occur along the Mississippi alluvium
plain gravel bars. They also were able to discern
fossils from different geological time periods
(Figures 2A-2B). Of significance was the excavation
of a mastodon from Nonconnah Creek in Memphis,
TN that occurred in the 1970s. Ankle bones, a skull
with teeth, and tusk fragments were removed (Brister
et al., 1981). Well preserved Pleistocene flora
remains from the area are on display signify that
provide a detailed glimpse into the climate
approximately 17,000 years ago based on C-14
dating.
This field trip emphasized ex situ fossils that are
frequently exposed on floodplain and gravel bars
along the Mississippi River: late Pleistocene
vertebrates
and
Paleozoic
invertebrates.
Disarticulated skeletal elements of late Pleistocene
megafauna erode from the banks of creeks,
tributaries, and rivers, and become exposed along
gravel and sand bars when the Mississippi River
water level is low (Dockery, 1997; Dockery &
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Thompson, 2016; Baghai-Riding et al., 2017). Most
of the disarticulated skeletal elements are from
mammals: Mammut americanum (American
mastodon), Bison spp. (bison), Megalonyx jeffersonii
(Jefferson groundsloth), Equus complicates (horse),
Odocoilieus virginianus (white-tailed deer),
Palaeolama mirifica (large-headed llama), Arctodus
simus (giant short-faced bear), and more.
Additionally, pebbles of chert, from ancient river
systems, frequently contain Paleozoic (Silurian –
Mississippian) invertebrate fossils (Dockery et al.,
2008) and can be found along Mississippi River
gravel bars. Recognizable fossils include sponges,
tabulate and solitary rugose corals, gastropods in
chert pebbles, internal molds of ammonites, pygids of
trilobites, cryptostome and trepostome bryozoans,
spirifer and pentamerid brachiopod shells, blastoids,
and crinoid calyxes and columns (Dockery et al.,
2008; Dockery & Thompson, 2016).
Nonconnah Creek is a small tributary stream that
connects to the Mississippi River. It meanders
through Memphis, Shelby County, TN. One
accessible area is located near Arthur Halle Stadium
Park on Mount Moriah Road, Memphis TN. Dr. Julie
Johnson, Professor of Geology at the University of
Memphis and Nonconnah Creek Conservancy (NCC)
members led the field trip participants to one of its
large gravel that border the stadium’s parking area
(Figures 2C-2F). Members of the NCC explained that
the creek was used heavily by humans prior to
modern civilization; more than 100 prehistoric sites
and eight historical sites are situated next to the creek
and its tributaries (Parish, 2016). They educated the
participants that the NCC was established to restore,
conserve, and preserve archeological and
paleontological resources that occur along the
Nonconnah Creek drainage; part of this creek suffers
from increased flow and unrestricted runoff due to
modern-day
development
(Parish,
2016).
Additionally, they taught the participants how to
recognize, collect, and identify the fossils using a
hand lens and sorting through gravel. During the
afternoon, participants found petrified wood,
projectile points (Figure 2C), assorted Paleozoic
fossils and Pleistocene ice-age skeletal elements on
the river bottom.
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Figure 2. Field trip to the Pink Palace Museum and Nonconnah Creek, Memphis TN. Participants viewed paleontological
exhibits at the Pink Palace that highlighted different geological periods (Figures 2A-B). At Nonconnah Creek, participants
collected fossils and arrowheads along the gravel bar and late Pleistocene fruits and seeds from organic sediments along the
creek bank (Figures 2C-F). Figures 2A, 2B, and 2E were taken by Zina Taran and Figures 2C, 2D, and 2F were taken by Nina
Baghai-Riding.

The water in Nonconnah Creek was especially
low. A thin, one-foot, blue-gray organic sedimentary
layer, located about a meter above the creek’s surface,
was exposed (Figure 2D, 2F). These sediments
represent a former backwater swamp (Brister et al.,
1981; Delcourt & Delcourt, 1996). Periodic floods
scour this layer which camouflages many of the plant
fossils. Field trip participants were successful in
collecting well-preserved, 17,000-year-old acorns
(Quercus), hickory nuts (Carya), leaves, and intact
tree timbers (Brister et al., 1981).
From this experience, participants became aware
that good observation skills are required to find
fossils and that environmental processes varied
drastically over geologic time. Questions participants
asked throughout the afternoon to the NCC members
included why the plants were so well preserved along
the river bank, what was the source area for the
various Paleozoic fossils, what are crinoids, how did
the gravels accumulate in the bars, and what caused
the disappearance of the large ice-age mammals in
this area. Participants were most impressed with the
October 2021, Vol 66, No 3

preservation of fossils along Nonconnah Creek, the
diversity of fossilized organism contained in the
gravel, and the well-designed exhibits at the Pink
Palace Museum.
Field trip #3
The third field trip, which took place on December
2, 2019, focused on Late Cretaceous fossils that occur
in northeastern Mississippi; not much attention had
addressed Mississippi Mesozoic fossils prior to this
field trip. Late Cretaceous units occur in Alcorn,
Prentiss, Tippah, and Union Counties. The Coon
Creek member of the Ripley Formation was deposited
as an inner-neritic to inner-shelf environment (Wade
1917, 1926, Kelley, 2002) and lies within the
Campanian/Maastrichtian boundary. It contains more
than 350 species of marine invertebrates, 174 are
gastropods (Dockery & Thompson, 2016). Many
Coon Creek fossils are exceptionally preserved and
possess original aragonitic shells. An excellent and
accessible exposure occurs at Blue Springs in Union
County about 3 miles east of New Albany at the
junction of Highway 78. Crabs, mollusks, teleost fish,
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shark teeth, mosasaurs and turtles have been found at
Coon Creek sites throughout Mississippi and
Tennessee.
Participants first visited the Union County
Heritage Museum (Figures 3A-3B). A permanent
exhibit of invertebrate fossils from the Blue Springs
Coon Creek site developed by Mr. George Phillips
from MMNS provide examples of species that
participants may find (Figure 3B). Tusks of
mastodons and remains of other Late Pleistocene ice
age fossils, an outdoor rock garden and a variety of
other exhibits (a blacksmith shop, agricultural
exhibits, fold art, and more). Following lunch
participants met Mr. James Starnes, Geologist from
the Mississippi Office of Geology at the Blue Springs
locality, site # MGS 173. He explained the
significance of the Blue Springs site (Figures 3C-F),
safety precautions, and gave the participants use of
rock hammers, pickaxes, and shovels to remove
fossils from the blue green to gray clayey fossiliferous
sands (Figure 3D). Some fossils were contained in
phosphate concretions. Participants collected

bucketfulls of fossils. On the exposures, Mr. Starnes
identified clams, oysters, Dakoticancer crabs with
legs and claws intact, mud shrimp, snails, and shark
teeth to genus that participants collected. He also
explained how to clean and preserve the fossils. Mr.
Starnes also collected sediment from the site for fish
otolith analysis and explained what otoliths are to the
group. Questions participants asked Mr. Starnes
while on the outcrop included what caused this death
assemblage (large numbers of crabs and shrimp were
killed and quickly buried), why the crabs are so
perfectly preserved, how come ocean fossils occur
this far north of the Gulf of Mexico, why dinosaurs
are not found here, why many of the mollusks and
ammonites are iridescent but friable, and what ancient
food webs are depicted by the fossil assemblage.
Participants were especially excited about bringing
home large fossils to their friends and were excited
about bringing home large fossils to show their family
and friends. They found Mr. Starnes stimulating and
many had hopes of returning to the fossil site in the
future.

Figure 3. Field trip to Union County, MS. At the Union County Heritage Museum, New Albany, MS, participants saw an
exhibit feature marine fossils from the Blue Springs, Coon Creek site. Figures 3C-F highlight the fossil collecting locality.
Figure 3A was taken by Rachel Beecham. Figures 3B-F were taken by Nina Baghai-Riding.
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screen washing the fossils, the dinosaur footprint
activity, and making plaster casts. Some K-12
students were excited about using dissecting to
examine the small shark teeth, mollusks, and acetate
peels. They grasped modes of fossil preservation,
geologic time, the importance of leaf margins, exploit
aspects of relative dating and stratigraphic
relationships, past ecological environments as and
food webs from field trip specimens, and gait and
stride from cutouts of dinosaur footprints. While in
the computer lab, participants also discussed what to
include in the abstract and poster that would be
presented at the Mississippi Academy of Sciences
2020 annual meeting regarding the various field trip
and workshop activities. Throughout the workshop,
participants were engaged and asked many questions
such as why some environments possess better fossils
than others, why some sites possess vertebrate fossils
and other sites possess mainly plant fossils, why
certain organisms proliferated and others became
extinct; are birds avian dinosaurs, and other scientific
activities and procedures used in studying
microfossils such as pollen, spores, and
dinoflagellates. Participants kept items they created
and were looking forward to future paleontological
activities.
OTHER OUTCOMES
Many participants appreciated the opportunity to
visit fossil sites and engage in a one-day workshop.
They asked when other paleontology field trips would
be planned and if they could attend. For example, one
6-8th grade participant, wrote on the whiteboard in Dr.
Baghai-Riding’s lab “Gonna miss going on
paleontology trips with you”. Participants took notes,
answered question sheets, took photos using cell
phones and digital cameras and labeled their fossils
(date and place of collection, type of fossil, and
paleoenvironment). They presented ideas and assisted
with the abstract and poster presentation at the
Mississippi Academy of Sciences Conference titled
“Exploring and Understanding Fossil Resources:
Paleontological Science Education Outreach
Conducted by Delta State University Science
Faculty” (Kagumba & Baghai-Riding, 2020).

ONE-DAY WORKSHOP
Preparation for One-day Workshop
A one-day workshop, featuring indoor laboratory
paleontological activities, was planned to bridge
concepts that highlighted how paleontological
concepts is linked to other academic disciplines:
biology, geology, and environmental science. Broad
impacts were to teach participants various hands-on
laboratory procedures and concepts that incorporate
fossil resources. Evolutionary implications, global
climate change, how to prepare and use fossils to
study research questions were integrated. Activities
that were planned included making plaster casts using
prepared molds (Figure 4D), creating acetate peels
from coal ball specimens (Figure 4A) and examining
them using dissecting microscopes (Figure 4E),
exploring other fossil localities in North America
using virtual website tours, designing a geologic
timeline (Figure 4C), screen washing phosphate
gravels for small mollusks and shark teeth (Figure
4B), determining how fossil leaf margins are useful in
predicting climate (an activity developed by the
Smithsonian learning lab (2016), and more. Various
materials were ordered such as plaster-of-paris,
acetone, acetate, printouts of dinosaur footprints,
colors of 1/8 inch ribbon for geologic timelines,
assorted handouts, and lunch and snack items. Images
of the three field trip sites and ‘free’ images for
educational purposes of index fossils found on the
internet were cutout before the day of the workshop.
Several scientific labs and a computer lab had to be
registered for use with the Delta State University,
because the event was occurring on a Saturday. Other
equipment was set up in advance including screens
and plastic containers for screen washing fossils,
prepared molds for making casts, microscopes for
examining acetate peels, and more. Drs. BaghaiRiding and Kagumba also invited selected DSU
undergraduates and a few volunteers to assist with the
activities. Twenty-five prepared plaster casts of a
mastodon tooth and bison tooth representative of the
late Pleistocene were made by Keith and Nina Riding
prior to the workshop; each participant was to receive
one of each cast for their kits.
Outcome of Workshop Event
Participants took part in each activity. Favorite
activities were making acetate peels of the coal balls,
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Figure 4. A few activities conducted at the one-day workshop. Participants made and analyzed acetate peels from coal balls,
constructed a geological timeline, made fossil casts using hydrostone, and screened fossils. Figure 4B was taken by Mrs. Robert
Kagumba; Figures 4A, 4C-E were taken by Nina Baghai-Riding.

On March 7, 2020, 12 participants went to the 17th
annual Fossil Road Show that occurs annually at the
MMNS museum. Delta State University was invited
to have a booth; participants displayed the poster
given at MAS; fossils that were collected during the
field trips, and assorted handouts. Several K-12 and
DSU students shared information about the various
field trips to other visitors. Additionally, students
visited other tables that featured paleontology
researchers and institutional exhibitor from the
University of Southern Mississippi, The Black Belt
Museum, The Mississippi Office of Geology, The
Mississippi Museum of Natural Sciences, The
University of Mississippi, Mississippi Gem and
Mineral Society, the Cobb Institute of Archaeology at
Mississippi State University, and more. These
October 2021, Vol 66, No 3

students acquired additional information regarding
fossils they had brought including species
distribution, associated species, and sea-level
parameters. Additionally, they heard Mr. James
Starnes discuss prehistoric Native Americans artifacts
that have been found throughout the state.
Participants also assisted with the newsletter
article submitted to the June 2020 Memphis
Archeological and Geological Society (BaghaiRiding & Kagumba, 2020). They provided images
and critiqued and made suggestions to the narrative.

CONCLUSIONS
Based on the assessments that were provided,
students were able to gain a sense of the diversity of
fossil assemblages that are present in their state of
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Mississippi. In alignment with their state standards,
students and high school teachers had the opportunity
to collaborate on an interdisciplinary sequence of
field trips that model how geoscience topics can be
integrated in any science course even if there is not an
entire course in geoscience offered by a district.
Another important conclusion to recognize is the role
of field trips in fostering an understanding of the
nature of science. Another central aspect of science
is communication. In the workshop and field trips,
students were able to observe scientists who modeled
scientific thinking and strong communication skills in
hope that they would also recognize that
communication and presentation skills are also
central aspects of the scientific process.
Future directions and limitations
Increased interest in paleontology around the
Mississippi Delta was recognized throughout the
duration of the grant. Participants were requesting
information about other local collecting sites when
they went to display their fossils at the Fossil Road
Show in Jackson, MS as well as during the various
fieldtrips and workshop. Several future directions are
being planned that will implement paleontology and
geology into educational programs. One objective is
for DSU to sponsor a ‘Darwin Day’ for the
community. Charles Darwin used fossils to develop
his natural descent theory; some small grants are
currently available that can be used to help attract
tourism and awareness to the Mississippi Delta.
Another objective is to sponsor volunteers, who are
local experts with fossils, to speak about careers in
paleontology to local schools. A third objective is to
develop additional teacher education workshops that
integrate paleontology into other science disciplines.
Reduced travel expenses for faculty is a limitation and
finding alternative funding sources is challenging.
However, experts and faculty that made the field trips
and workshop a positive experience are finding
methods of engaging all demographic groups to
paleontology: providing virtual sessions, giving
behind the scenes tours at museums, and allowing
youth to assist on fossil collecting expeditions.

Julie Johnson and Nonconnah Creek Conservancy
members for leading a field trip activity. We also
wish to thank Mr. James Starnes and Amber Hays for
making suggestions to this manuscript prior to its
submission.
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ABSTRACT
The Census Bureau plans to introduce a new Disclosure Avoidance System known as Differential Privacy (DP) for
its 2020 census data products. Using a DP demonstration product file provided by the Census Bureau, we assess the
errors introduced by DP on census block data in Mississippi in the form of four case studies and find them to be
substantial by type and level. Because it is likely that the results we found in Mississippi will be found in other
states, our examination leads us to conclude that it is likely that the errors introduced by DP of the type and at the
level found in the demonstration product file we examined will render the nation’s block level data essentially
unusable.

INTRODUCTION
The 2020 Census attempts to count every
person living in the United States and the five
U.S. territories. The goal is to count everyone
only once and in the right place. The count is
mandated by the Constitution and conducted by
the U.S. Census Bureau. The requirement of
taking a census is one of the first things
mentioned in the U.S. Constitution, which
provides some indication of how important a
census was to the Founding Fathers (National
Research Council, 2006).
The U.S. Constitution requires an “actual
enumeration” of the population every 10 years in
order to apportion seats in the House of
Representatives among the states. States and
localities also use census numbers for
redistricting, to draw political boundary lines for
their congressional delegations, legislatures, and
other government districts. The census plays an
important role in guiding the distribution of $1.5
trillion in federal funding, as well as identifying
needs for government services, such as schools
and roads. Census statistics are the basis for a
wide range of research and business decisions.
In a recent publication of the International
Association of Official Statistics discussing the
October 2021, Vol 66, No 3

importance of Censuses in an international
context, Everaers (2021) stated, “Population and
Housing Censuses are an important cornerstone
for National Statistical Systems. They provide a
range of important statistics, relevant for policymaking, planning, and monitoring but also
functioning as reference point and sample frame
for many other national and regional statistics.”
This description certainly applies to the U.S.
Census. There is no single statistical resource
more important than the Decennial Census.
In every census, the U.S. Census Bureau faces a
trade-off between privacy protection and
accuracy. According to the U.S. Census Bureau
(2020d),
“One of the most important roles that
national statistical offices (NSOs) play is to
carry out a national population and housing
census. In so doing, NSOs have two data
stewardship mandates that can be in direct
opposition.
Good data stewardship
involves both safeguarding the privacy of
the respondents who have entrusted their
information to the NSOs as well as
disseminating accurate and useful census
data to the public.”
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the penalties for violating this law are
applicable for a lifetime.

The preceding suggests that this is an appropriate
place to discuss privacy and confidentiality, two
concepts that are often used interchangeably, but
are distinct. Privacy generally is used in regard to
the right of an individual or organization to
withhold information from others, while
confidentiality is viewed as an extension of
privacy in which an organization (such as the
Census Bureau) that holds individual or
organizational information is obligated to ensure
that only authorized individuals have access to
the information.
For over a century and for nearly as long as the
Census Bureau has existed in its present form, it
has had to balance its inherent, ingrained mission
of collecting and producing high quality
statistical information for the public good with a
mandate to avoid disclosing information about
any individual. In fact, the Census Bureau's
mission is “to serve as the nation's leading
provider of quality data about its people and
economy.” However, the mandate of “quality
data” is tempered by an obligation to protect the
privacy of Census respondents. The Census
Bureau is bound by Title XIII of the United States
Code. Title XIII provides the following
protections to individuals and businesses (U.S.
Census Bureau, no date):


Private information is never published. It is
against the law to disclose or publish any
private information that identifies an
individual or business such, including names,
addresses (including GPS coordinates),
Social Security Numbers, and telephone
numbers.



The Census Bureau collects information to
produce statistics. Personal information
cannot be used against respondents by any
government agency or court.



Census Bureau employees are sworn to
protect confidentiality. People sworn to
uphold Title XIII are legally required to
maintain the confidentiality of data. Every
Census Bureau employee or contractor with
access to personal data is sworn for life to
protect your information and understands that
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As part of this balancing act, the Census
Bureau has used methods to help avoid disclosure
of individual census respondents for many
decades. According to the U.S. Census Bureau
(2018), some method of disclosure avoidance has
been used by the U.S. Census Bureau since 1970.
However, as the privacy protections were put in
place by the Census Bureau over the past several
decades, there was never the threat of distorting
the data as much as DP threatens to distort the
2020 Census data, and there was never the
resistance seen among data users and
demographers regarding the potential use of DP
in the 2020 Census (Ruggles et al., 2019). The
increase in resistance among data users reflects
the extent to which they fear differential privacy
will distort the data to the point that it is not
usable for many functions.
The Census Bureau plans to introduce a new
Disclosure Avoidance System known as
Differential Privacy (DP) for its 2020 census data
products (Abowd, 2020, Census Bureau 2020a,
2020b, 202c, 2020d, 2020e, 2020f, and 2020g),
which we describe in some detail in Appendix 1.
Ruggles et al. (2019: 406) argue that DP goes far
beyond what is necessary to keep data safe under
census law and precedent and because it focuses
on concealing individual characteristics instead
of respondent identities, DP is a blunt and
inefficient instrument for disclosure control.
They go on to note that because the core metric
of DP does not measure the risk of identity
disclosure, it cannot assess disclosure risk as
defined under census law, making it untenable for
optimizing the privacy/usability trade-off.
Our purpose in this paper is to assess the errors
introduced by (DP) on census block data in
Mississippi in the form of four case studies.

DATA AND METHODS
Mississippi is the 32nd largest state with
48,430 square miles
(https://en.wikipedia.org/wiki/Mississippi).
The 2010 census counted 2,967,297 persons
(U.S. Census Bureau, 2012: IV-3), which yields
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61.3 persons per square mile. The 2010 census
(see below), organized the state into 171,778
census blocks, of which 84,750 had one or more
persons, leaving 87,028 without any population.
On average, there were only 17.27 persons in
each of the 171,778 census blocks. If we look at
the 84,750 census blocks with at least one person,
there were 35 persons on average in each of them.
These summary statistics make Mississippi one
of the states in which one would expect a high
level of disclosure avoidance at the block level
because there are so few people on average per
block. This is a point to which we return in the
final section.
The application of DP is a brand new approach
for the Census Bureau and is different from all
prior Census Bureau initiatives in regard to
disclosure avoidance. As a component of the DP
initiative, the Census Bureau has released a series
of “demonstration products” (Abowd, 2020,
Census Bureau 2020a, 2020b, 202c, 2020d,
2020e, 2020f, and 2020g) that allow outside
analysts and stakeholders to determine for their
purposes the impact DP would have on Census
data. These demonstration products generally
contain:


study 4, we sorted the blocks in descending order
by the 2010 census total population, then used the
logical “IF’ function to examine differences
between the 2010 census count and the DP count
(match = zero; non-match =1), and summed the
number of non-matches.

RESULTS
Case 1: Children without Adults: How Did
Differential Privacy turn 10 blocks into 4,912?
The 2010 census reported that there were ten
blocks in which 1 or more children (under age 18)
were listed, but no adults (18 years and over).
There were 371 children in these ten blocks.
Out of 171,778 blocks, it is highly believable that
there are ten in which a total of 371 children
reside without adults. However, DP produced
4,912 such blocks in which 27,383 children
reside without adults - a highly unbelievable
number
Case 2: Differential Privacy turned 8,235
Blocks with one or more people of voting age
into blocks with zero people of voting age
Case 3: Differential Privacy turned 1,886 blocks
with zero persons of voting age into blocks with
one or more persons of voting age

the most common, basic demographic and
housing variables



different levels of geography



data as they were originally reported in the
Summary Files (SF) in 2010, which reported
actual census data with small privacy
protection modifications as noted supra page



trial data as they have been by adjusted
(perturbed) DP
Here, we examine the errors introduced by DP on
2010 Census block data for Mississippi in the
form of four case studies. We employ the
“demonstration product” for census blocks in
Mississippi labeled as 2020527, which we
downloaded from the Minnesota Population
Center’s NHGIS site: https://nhgis.org/privacyprotected-demonstration-data.
In the analyses for case studies 1 through 3, we
employed the cross-tabulation routine found in
Release 12 of the NCSS Statistical System
(https://www.ncss.com/software/ncss/ ). For case
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DP placed 75 persons of voting age into one
of these blocks



In five of these blocks, DP placed between 40
and 48 persons of voting age



In 32 of these blocks, DP placed between 25
and 39 persons of voting age



In 240 of these blocks, DP placed between 10
and 24 persons of voting age



In 1,113 of these blocks, DP placed between
5 and 9 persons of voting age

Case 4: Excluding the 84,813 blocks in which
both the 2010 census and the DP Adjustment
shows zero population, Mississippi has 89,966
blocks where either the 2010 census or the DP
adjustment show at least one person. Of these
86,966 blocks:
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83,425 (96%) show a different total
population when DP is applied.
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in small areas. The data in small areas are
typically used both directly where the small area
is the unit of analysis and aggregated into higher
levels of geography by these users. In the case of
the latter, the errors introduced by DP tend to
even out. However, in the case of the former,
these users and their clients will be forced to deal
with erroneous data if DP is implemented.
Because it is likely that the results we found in
Mississippi will be found in other states and
perhaps at even higher levels of error, our
examination leads us to conclude that it is likely
the errors introduced by DP of the type and at the
level found in the demonstration product file we
examined will render the nation’s block level data
essentially unusable.

82,821 (95%) show a different number of
adults (18 years and over) when DP is
applied
72,051 (83%) show a different number of
children ( under 18 years of age) when DP
is applied

DISCUSSION AND CONCLUSION
As far as we can tell from the information
available from the Minnesota Population Center,
Mississippi was not subject to higher levels of DP
Disclosure Avoidance than the other states in the
Demonstration Product” file (2020527) we have
analyzed. Instead, it appears the DP levels were
uniform across all states. Given this and the low
numbers of people found statewide in the 2010
census and its low number of 2010 census blocks,
Mississippi would appear to be a candidate for a
higher level of DP Disclosure Avoidance than
many other states. This makes our findings all the
more worrying because they show high levels of
error at the census block level even at what might
be described as a low level of DP Disclosure
Avoidance. Finding that DP produced 4,912
census blocks in which 27,383 children reside
without adults at this level of DP Disclosure
Avoidance is very troubling, as is, among our
other findings, that DP turned 8,235 blocks in
which the 2010 census shows one or more person
into blocks with no people of voting age.
As the examples show in Appendix 2, if DP is
implemented at the avoidance level found in the
“Demonstration Product” file (2020527) for
census blocks in Mississippi we examined in this
study, it will affect almost all of the state’s users
of small area census data, from legislatures
relying on the data to design Congressional
Districts to comply with the law, to demographics
vendors who supply clients with zip code level
characteristics so businesses can make better
decisions. Other end users such as health district
administrators who need the data to tract health
issues such as COVID-19, and businesses that
use small area data such as zip codes, blocks and
block groups to improve marketing stand to be
dramatically impacted.
Many government
agencies also depend on accurate small area
census data to make programs run efficiently and
effectively and the biggest impact of DP will be
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Appendix 1. What is Differential Privacy?
A statement by Ben Rossi (2016) is telling:
“…[I]f a database is a representative sample of an
underlying population, the goal of a privacypreserving statistical database is to enable the
user to learn properties of the population as a
whole, while protecting the privacy of the
individuals in the sample.”
Since the application of differential privacy
occurs within the Census Bureau’s Disclosure
Avoidance Systems (DAS), that term has
sometimes been used to describe the use of
differential privacy. To avoid confusion, the term
differential privacy (DP) is used here to
distinguish the version of DAS that includes DP
from other versions of DAS.
This statement is telling because it reveals that
the DP tradeoff is to make available properties of
the population as a whole while protecting the
privacy of individuals. In the world of the Census
Bureau this tradeoff has been translated to mean
that the population as a whole is defined by a
population at a level of geography beyond the
block. The tradeoff means that a user cannot learn
properties of the population at the block level
with any degree of confidence. If 2006)DP is
implemented, it will affect all of the many users
of small area data, to include those described
earlier, the demographics vendors who supply
clients with zip code level characteristics, public
health and public safety organizations, and
businesses that use small area data such as zip
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codes, school districts, and Regional Planning
Organizations. The data associated with these
census stakeholders are those that represent small
areas directly as well as being aggregated into
other small areas and into higher levels of
geography. This means that DP, a statistical

adjustment, will increase the error in the small
area data needed by these stakeholders.
Is DP complicated? Here is a formal Definition
followed by a discussion. To start, we use
definition 2.4 from Dwork and Roth (2014: 17).

Where,
M: Randomized algorithm i.e., query (db) + noise or query(db + noise).
S: All potential output of M that could be predicted.
x: Entries in the database. (i.e., N)
y: Entries in parallel database (i.e., N-1)
ε: epsilon, The maximum distance between a query on database (x) and the same query on database (y).
δ: Delta, the probability of information accidentally being leaked.
This definition of DP is a measure of “How
much privacy is afforded by a query?” This is an
important point in that DP represents an offer of
privacy according to a provable and quantifiable
amount, sometimes referred to as the privacy-loss
budget (Snoke and McKay, 2019). It is this
probabilistic quantifiable feature that is DP’s
major selling point because other forms of DAS
(Disclosure Avoidance Systems) do not provide a
formal quantification of the protection they offer.
How does it do this? As this suggests, DP is not
the system that creates privacy; it is the system
that measures privacy using the definition just
given. How does DP measure privacy?
The DP algorithm gives the comparison
between running a query M on database (x) and
on a parallel database (y), where the latter has one
less entry than database (x). The measure by
which the full database(x) and the parallel
database(y) can differ is given by Epsilon (ε) and
delta (δ). Specifically, DP works by tying privacy
to how much the answer to a question or statistic
is changed given the absence or presence of the
most extreme possible person in the population.
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This is done within a statistical framework. An
example by Snoke and McKay (2019) helps to
explain this. Suppose the data we want to protect
is income data, and the statistic we want answered
is, “What is the median income?” The most
extreme person who could possibly be in any
given income data could be Jeff Bezos. If he is
absent or present in the data set, the median will
not change much, if at all. This means that DP can
provide a more accurate answer about the median
income without using much privacy-loss budget.
However, what if the question is, “What is the
maximum income?” Unlike the median, the
answer to this question would be likely to
significantly change if Bezos is absent or present
in the data set. A DP algorithm would provide a
less accurate answer, or require more privacyloss budget, to answer this query and protect the
extreme case, Bezos (Snoke and McKay, 2019).
So, when Epsilon (ε) is small (as shown in
Definition 2.4 above), DP asserts that for all pairs
of adjacent databases x, y and all outputs M, an
adversary cannot distinguish which is the true
database on the basis of observing the output—
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“Off-spine” geographies are also critically
important because conceptually they could
capture the best or worst pieces of statistical
geography and aggregate and magnify their
errors. As shown in Figure X.X (above),
legislative
districts,
voting
districts,
congressional districts, places, VTDs, and ZIP
codes are all “off-spine,” that is, not in the
hierarchy of geographic areas for which the
TopDown Algorithm (TDA) maximizes accuracy
and so are built up from the lower-level block
groups and blocks In our analysis, we only look
at blocks, which as can be seen above, is one of
the spine geographies.
Appendix 2. Selected Examples of Small Area
Census Data Users
Consumer Demographics
In the latter part of the 20th century, statistics
became a commodity independent of
government, and a statistical services industry
developed (Swanson, 2013). This development is
pertinent because these services are primarily a
business
information
industry.
While
demographics vendors such as Claritas and ESRI
generate their own zip code estimates and
forecasts, the Census Bureau uses both block and
block group data to generate zip code population
and housing estimates (Census Bureau, 2020h).
In the case of the zip code data generated by the
Census Bureau, it is certain to be subject to DP if
the latter is implemented; in the case of the zip
code generated by demographic vendors, it is
certain that the block and block group data they
use in the process will be subject to DP if the
latter is implemented. In 2018, for example, the
Census Bureau decided to no longer approve
requests for sub-state data if the data were not
protected
using
strengthened
disclosure
avoidance methods providing small area data in
its for-pay Custom Table operation (U.S. Census
Bureau, 2020i). As an example of the importance
of these data, Swanson et al. (2009) used ESRI
Zip code data to assess the impacts of Hurricane
Katrina in Louisiana and Mississippi.
Health and Safety
Small area data are important for public health
and public safety, both for planning and
reporting. As one example of the use of small area

the probabilities are too low. That is, if we are
interested in median income, it does not matter if
Jeff Bezos is in or out of the data set: For this
query Epsilon (ε) should be set at a high level
because for a query regarding median income
there is little need to “protect” the data base. This
example translates formally into something like
the following. When (ε) is large DP merely says
that there exists neighboring databases and an
output M, for which the ratio of probabilities of
observing M conditioned on the database being,
respectively, x or y, is large.
However, if we interested in knowing the
maximum income in the data base, it will matter
if Jeff Bezos is in or out of the database. Thus,
Epsilon (ε) should be set at a low value in order
to prevent “leaking” the maximum income.
However, even if Epsilon (ε) is not set low, an
adversary may not have the right auxiliary
information to recognize that a revealing output
has occurred; or may not know enough about the
database(s) to determine the value of their
difference.
Thus, the DP algorithm represents a statistical
adjustment in that it uses a probability
framework, typically based on the Laplace
probability distribution (as stated elsewhere in
this report), which is used to produce the errors /
noise in the data. Moreover, as noted by Ruggles
et al. (2019) under DP, responses of individuals
cannot be divulged even if the identity of those
individuals is unknown and cannot be
determined. Returning to the example of a query
about maximum income, it would not matter if
the identify of Bezos was not divulged; the
correct answer to the question about the
maximum income in a dataset would not be
provided under DP.
A final important point about differential
privacy is that it is applied using two different
types of geography: (1) “spine” which are the
core census statistical geographies such as
counties, tracts, and blocks; and (2) “off-spine”
which are governmental or administrative
geographies such as school districts and
legislative districts. The “spine” geography,
particularly blocks, are important because they
offer the greatest geographic granularity and are
the geographies DP is actually being applied to.
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data for public health, the Mississippi State
Department of Health (2016) developed an
integrated HIV health care and prevention plan
that uses census tract data.
As another example, the US. Department of
Energy (1988) issued a radiological monitoring
plan for the investigation of a proposed nuclear
waste storage at Yucca Mountain, Nevada. The
radiological studies area is defined by a circle 84
km in radius, whose center is assumed to be
located at the proposed site of the central surface
facilities (see Figure 1 below). The circle is
divided into 160 cells radiated out from the 16 km
radius area in the center of the study area,
designated as the near field (NF) study area. The
remainder of the area (16-84 km) is called the far
field (FF) study area. The FF study area required
that the population of each of the 160 cells be
estimated on a regular basis, which required
block, block group, and census tract data as
starting points (Swanson, Carlson, and Williams,
1990). This plan would have been of use in
Mississippi when nuclear bombs were detonated
underground in Lamar County, one in 1964 and
the other in 1966
(http://mshistorynow.mdah.state.ms.us/articles/2
93/nuclear-blasts-in-mississippi ).

Natural Disaster Assessment
Closely related to public health and safety, but
distinct is natural disaster preparedness and
assessment. As an example, Swanson (2008)
examined the effect of Hurricane Katrina on the
populations of 20 selected ZIP code areas in
Mississippi and found them to be profound. In
another study of the demographic effects of
Hurricane Katrina, Swanson (2009) examined the
effects of Hurricane Katrina on the client
populations and candidates for a specific medical
procedure in the service areas associated with two
medical facilities on the Mississippi gulf coast.
The two service areas were defined by zip codes,
and in analyzing them, Swanson found that
Katrina had an adverse impact on the client base
of both medical facilities.
As another example, what will the Census Bureau
do with its Emergency Management program
(https://www.census.gov/topics/preparedness.ht
ml), which is designed to provide timely and
accurate data about the effects of natural
disasters? If a Category 4 hurricane strikes
Hancock, Harrison, and Jackson counties, will
the Census Bureau provide erroneous small area
data to FEMA and local authorities?
Regional Planning Organizations
There are hundreds of regional planning
organizations in the U.S. Although they exist in
every state, they may come under different names
in different states, (Council of Government
(COG), Metropolitan Planning Organizations
(MPO)) but they all have similar missions,
centered on land use and transportation planning,
both of which require small area data.
In conjunction with the Gulf Coast Planning
Organization, the Kirwan Institute developed an
index by which the geography of opportunity in
the Mississippi Gulf Coast region can be viewed
using census tract data (Kirwan Institute, 2012).
The Central Mississippi Planning and
Development District (no date) reports income
data for block groups and persons per square mile
by census tract.

Figure 1: The Radiological Studies Area.
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(https://magazine.amstat.org/blog/2019/03/01/di
fferentialprivacy/ ).
Swanson, D.A. (2013). Consumer Demographics:
Welcome to the Dark Side of Statistics. Radical
Statistics 108: 38-46.
Swanson, D. A. (2009). “Hurricane Katrina: A Case
Study of Its Impacts on Medical Service
Providers and Their Client Populations.” The
Open Demography Journal 2: 8-17.
Swanson, D. A. (2008) “The Demographic Effects of
Hurricane Katrina on the Mississippi Gulf
Coast: An Analysis by Zip code.” Journal of
the Mississippi Academy of Sciences. 53 (4):
213-231.
Swanson, D., J. Carson, and C. Williams. (1990).
“The Development of Small Area
Socioeconomic Data to be Utilized for Impact
Analysis: Rural Southern Nevada.” pp.985-990
in High Level Radioactive Waste Management:
Proceedings of the 1990 International
Conference, American Nuclear Society and
American Society of Civil Engineers, New
York, New York, 1990.
Swanson, D., R. Forgette, J. McKibben, M. Van
Boening, and L. Wombold. (2009). "The SocioDemographic and Environmental Effects of
Katrina: An Impact Analysis Perspective". The
Open Demography Journal.2 (11): 36-46.
U.S. Census Bureau (no date), Title 13, U.S. Code
(https://www.census.gov/history/www/referenc
e/privacy_confidentiality/title_13_us_code.html
U.S. Census Bureau (2012.) 2010 Census of
Population and Housing, Population and
Housing Unit Counts, CPH-2-26, Mississippi.
U.S. Government Printing Office, Washington,
DC.
U.S. Census Bureau (2018), “Disclosure Avoidance
Techniques Used for the 1970 through 2010
Decennial Censuses of Population and
Housing,” THE RESEARCH AND
METHODOLOGY DIRECTORATE, Mc
Kenna, L. U.S. Census Bureau, Washington
DC.,
https://www.census.gov/content/dam/Census/lib
rary/workingpapers/2018/adrm/Disclosure%20Avoidance%2
0for%20the%201970-2010%20Censuses.pdf
U.S. Census Bureau (2020a). 2020 Census Disclosure
Avoidance Improvement Metrics, U.S Census
Bureau, Washington DC., March 18,
https://www2.census.gov/programssurveys/decennial/2020/program-
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ABSTRACT
The Gulf Coastal states region of United States is prone to the highest national frequency of both severe
weather and climate problems accompanied by economic losses (e.g., severe convection, flooding, tropical
cyclones, ice storms etc.,). A GIS/Remote Sensing framework is necessary to properly understand physical
processes, investigate cause and affect relationships and develop conceptual models of the behavior of
environmental systems. Our goals included focusing on the environmental effects and impacts of heavy rains and
flash flooding and finally to produce a prototype GIS/RS Environmental Risk Assessment System (ERAISA)
for the region of interest. We selected “The historic Southeast Louisiana and Southern Mississippi flood activity
during May 8-10th, 1995” as our study case. The NCAR/Penn State Mesoscale model (MM5) is used to study the
effects of warm sea surface temperature anomalies, sea surface pressure and winds on the precipitation
characteristics of this event. Mesoscale model simulations are used to forecast and better understand the physics
associated with the flood event. Each component is modified to accommodate the detailed study. For the
preliminary model run, a doubly nested domain centered over the Central Gulf of Mexico with grid spacing of
90 km and 30 km is employed. MM5 is run for each 6 hr period, from the initial storm development - May 8th
and through May 10th. NCEP/NCAR reanalysis data and synoptic data are used for constructing the initial and
boundary conditions. The model simulations are compared with Radar data for further comparisons and
validations. The phenomenon of interest – flooding here is narrowly defined in order to depict, analyze and
predict (or manage) environmental dynamics through the use and application of GIS and Remote Sensing (RS)
data and technologies. A major goal is to unify our understanding and knowledge of similar historic events
into a more comprehensive integrative framework from different disciplines - meteorology, marine and
fisheries sciences, environmental sciences etc., and develop a system of Integrated Environmental Risk Assessment
for the Gulf Coast, which would be ultimately used for operational use.

region’s “Weather Dynamics” received proper
attention. Understanding, modeling and predicting
these processes, is important for agriculture,
fisheries, and forestry management. Even the
simplest, and most common, conditions (such as
the land-sea breeze circulation) are neither well
understood nor monitored for their impact on the
environmental conditions of the Gulf States.
Because the Gulf of Mexico and Gulf States
Region occupies a strategic position in the
economy of the nation, it is important that this

INTRODUCTION
The Gulf Coastal states region of
United States is prone to the highest national
frequency of both
severe
weather
and
climate problems accompanied by economic
losses (e.g., severe convection, flooding,
tropical cyclones, ice storms etc.,). Historically,
these events occur nearly every year and during
every month. Yet the region has not been
adequately studied with regard to coastal and
meteorological processes nor have the
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region serve as a focus for (and model of)
understanding in terms of the natural interactions
between the atmosphere, land, and water. The
adequate observation and analysis of the
environment is a prerequisite to understanding,
mitigating
environmental
predicting,
and
conditions detrimental to local economies and
infrastructures. They may also be used in regional
and climate simulations and assessments for risk
management. So we primarily focus on design and
deliver an operational Environmental Risk
Assessment Integrative Systems Approach
(ERAISA) for Mississippi and the coastal zone;
incorporate, improve, and grow ERAISA within
the National Spatial Data Infrastructure initiative
for environmental risk assessment applications,
management, and decision-making. In the process
of designing an operational forecasting under
ERAISA, we selected “The historic southeast
Louisiana and Mississippi flood of May 8-10th,
1995” as one of our historical flood events to
impact the Gulf coastal states of Louisiana and
Mississippi. Our study area is depicted in the
figure 1.
APPROACH
Weather simulations play an important role in
helping us understand the key components and
aspects that determine our weather, particularly
extreme flood events. By carefully understanding
the key variables (precipitation, surface winds
etc.) and correctly manipulating them we gain
better additional insight into how a particular
weather pattern is produced. Throughout the
1900's, Southeast Louisiana and Southern
Mississippi experienced a vast array of weather
episodes. These episodes serve to reflect on what
has happened in the past and how much we have
learned. If we are to adequately forecast these
events, we need to prepare for what can
potentially happen in the future.

Thus we are primarily focusing on analyzing
the meteorological conditions that led to the
development of “The Historic Southeast
Louisiana and Southern Mississippi flood of May
8-10th, 1995 “ using the Pennsylvania State
University/ National Center for Atmospheric
Research
(PSU/NCAR)
fifth-generation
mesoscale model (MM5). Both from a
meteorological and human perspective, the event
was historic, catastrophic and devastating. By
visualizing this event and simulating associated
severe weather conditions and patterns, we hope
to perceive a better understanding of why such
happenings occur.
II.

EVENT OVERVIEW

The May 1995 Southeast Louisiana and
southern Mississippi flood is considered to be one
of the significant hydrological events to impact
the states of Louisiana and Mississippi. Most
meteorologists and emergency preparedness
officials called it a 100-year rainfall event. A 40
hr heavy rain episode took place across the middle
Gulf of Mexico coast region of Louisiana and
Mississippi. On May 8, 1995, up to 20 inches of
rain fell in the New Orleans metropolitan area,
causing $1 billion in damages. Extreme rainfall
continued along the Gulf Coast, where May 9-10
totals reached 15.75 inches in Slidell, LA, 14.56
inches in Biloxi, MS, and 9.18 inches in Mobile,
AL. In all, the event lasted 40 hours and damaged
several thousand homes and businesses. Several
deaths were also attributed to the flooding. This
was the costliest single non-tropical weather
related occurrence to ever affect the United States.
SYNOPTIC CONDITIONS
Analysis of the surface weather patterns during the
event (Figures 2 & 3 )[3] suggest a synoptic scale
pattern present during the initial 24 hours, but
evolving into a meso-alpha frontal type heavy
rainfall pattern on day two (after Maddox et al.
1979)[1]. A modified Pacific maritime cold front
approached the region from the west, preceded by
a squall line. The airmass that entered western
Louisiana on May 8th exhibited considerably lower
dew points than the tropical airmass across East
Louisiana and Southeast Mississippi. However, the
III.

Figure 1: Study Area
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mid-level short wave that accompanied the
cold front quickly exited the region to the
northeast. By the evening of May 9, the
cold front was dissipating in the vicinity of
Baton Rouge. The remnant frontal trough
served as a focusing axis for the heavy
precipitation that continued into the late
morning hours of May 10 (Figures 1 & 2)
(NOAA
Technical
Memorandum
NWS
SR-183). The Slidell sounding at 0000 UTC on
May 10th indicated a CAPE of 4323 J/Kg along
with an 850 mb theta-e value of 344K. Significant
damage and loss during this event are shown in
table 1.

synoptic conditions for developing and
producing squall lines.
 Model also correctly predicted a
stronger pressure gradient oriented
from southeast to northeast and
produced maximum wind circulations.
This orientation of pressure is
associated with a meso-high as
depicted in the surface analysis.
 Model output produced quite heavy
precipitation amounts in the area of
interest.
 The surface analysis exhibited a
maritime cold front approaching from
the west and intersecting a tropical air
mass from the southeast of the Gulf of
Mexico.
Analysis of surface data also supports the
Model predictions of “The Historic Southeast
Louisiana and Southern Mississippi flood of
May 8-10th, 1995 “.

MODELING CONFIGURATION
The model is initialized at 0000 UTC on
May 8th, 1995 and completes a 72-hr
simulation with graphical output available
every six hours. The simulations are nonhydrostatic on two two-way nested domains
with horizontal resolutions of 90km and 30
km, centered over the Central Gulf of Mexico at
29°N and 95°W. The model utilizes a terrainfollowing sigma coordinates in the vertical and
has 23 vertical levels. Thirty-second USGS
terrain, land-use and land-water boundaries
data are also used. NCEP/NCAR reanalysis
model fields are used as an initial first guess.
Explicit moisture schemes include Dudhis`s
simple Ice on 90km grid and Schultz
microphysics on 30km grid,
Betts-Miller
and
Grell
cumulus parameterizations on
90km and 30km grids respectively, and a
high resolution Blackadar planetary boundary
scheme.
IV.

RESULTS AND DISCUSSION
The MM5 Model results for sea-level
pressure;
sea-surface
winds,
sea-surface
temperatures and accumulated precipitation are
shown in figures 4 - 7. The study has pointed out
the following:
 MM5 Model is suitable for numerical
studies of severe flood events and it is
capable of capturing the precipitation
and synoptic features of the flood
episode.
 The model accurately predicted the
sea-surface temperature areas greater
than 27ºC. The warmer sea supplied
the moisture in the vicinity and favored
October 2021, Vol 66, No 3
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Synoptic Conditions

Figure 2: Surfae Weather Analysis, May 8, 1995

Figure 3: Surfae Weather Analysis, May 10, 1995
B.

Model simulations

Figure 4. Sealevel Pressure
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with hydraulic and hydrological models will be
used to simulate flooding from extremely heavy
rainfall. Accordingly, the overall the modeling
work will help in simulating the weather, climate
and atmospheric transport processes that led to one
of the most catastrophic and devastating events
ever observed. Future simulations could
potentially provide a means to assess the impacts
of future climate changes on both natural and
human systems. We plan to unify our
understanding of similar historic events into a
more comprehensive Integrative framework from
various different disciplines - meteorology, marine
and fisheries sciences, environmental sciences etc.
This analysis is the starting point for our team to
design a National model of Environmental Risk
Assessment Integrative System for the Operational
Depiction and Assessment of coastal risk as
related to the varied impacts (ranging from water
quality to fish populations dynamics) of heavy
rains and flooding.

Figure 5. Wind magnitude

Figure 6. Sea surface Temperature
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Missions conducted in the past, and plan for the
future. He thanked the people that came to participate
in the Medical Mission especially the Royal Fathers
of the Day, His Royal Highness (HRH) Eze
Emmanuel S. Okoro of Emii, HRH Eze Godwin
Merenini of Nekede and HRH Eze Samuel
Ihekwoaba of Ihitte Ogada. Remarks were made by
the Chair of the occasion, Prof. Chidi Akujor, a
Professor of Astro-physics, Federal University of
Technology, Owerri (FUTO) and former Vice
Chancellor of Imo State University (IMSU). He
expressed gratitude to Prof. Acholonu and
encouraged him to continue in his resolve to impact
the lives of his people. This was followed by remarks
from Evangelist Peter Chima, CEO and Project
Coordinator, Awaka Go Forward International Center
for Youth Development (Fig. 11) who handled most
of the pre-medical mission on-site arrangements. He,
among others things, commended Prof. Acholonu for
his philanthropy and contributions towards the
development of Awaka in general. He said that what
he is doing will enable people to live longer and
better. In her goodwill message, the president and
founder of Handover Heals Foundation, Mrs.
Eucharia Chima-Jorji, expressed happiness for the
number of She people that turned up to participate in
the free medical mission.. Prof. Chidi Akujor
declared the Medical Mission Services for 2018 open
and cut the ribbon (Fig. 5).
The opening ceremony ended with a closing
prayer by Rev. Dr. Clement Amadi, former
Assistant Secretary, Nigeria Baptist Convention,
Ibadan, Oyo State.

INTRODUCTION
This is a synopsis of the medical mission event
conducted at Awaka in Owerri North Local
Government Area (LGA), Imo State, Nigeria ( Figs 1
and 2) on April 2, 2018 under the auspices of WillyEsther Foundation, Inc., a non-profit, nongovernment organization (NGO) and Alcorn State
University It was also organized with the
collaboration of Awaka Go Forward International
Center for Youth Development, another NGO located
in Awaka and Handover Heals Foundation Inc., from
New Jersey, USA.
PURPOSE
The purpose of the medical mission was to engage
in an international healthcare disparity activity, to
show compassion for the needy in this developing
country, Nigeria; to give hope to the hopeless; to
contribute our quota in the effort to eradicate
HIV/AIDS in Nigeria with main focus on the rural
areas. This is why our slogan is PROJECT: DELTA
(doing everything LOCALLY to stop AIDS). It was to
assist the economically depraved people in a rural
community whose healthcare facilities and treatment
are below par. It was a national day of service for
HIV/AIDS; healing the land through HIV/AIDS
awareness and engaging in primary and secondary
healthcare services.

METHODS
The free medical mission was conducted for one day
(Easter Monday, April 2, 2018) in Ekeama primary
school premises at Awaka, in Owerri North Local
Government Area(LGA) It started with an opening
ceremony This included opening prayer by the
community church parish priest. Welcome remarks
were made by Prof. Alex Acholonu (Fig. 3) which
included a short history of Willy-Esther Foundation
(WEF), its vision and mission and the free Medical
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ACTIVITIES
The medical mission activities started in earnest after
Prof. Chidi Akujor, declared the medical mission
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open with cutting of the ribbon. A team of medical
professionals that participated, included seven
medical doctors, three pharmacists, one dentist, two
ophthalmologists,
several nurses and medical
laboratory scientists (technologists). The activities
conducted included consulting, counseling, and
testing, that included malaria, blood pressure, blood
sugar, and HIV/AIDS screening and eye tests by
optometrists and ophthalmologists. Those who came,
were clinically examined by medical doctors and
prescribed medicines were given to them in the
pharmacy section (Figs 6 and 7) free of charge by
pharmacists.
Rev. Sister Mary Joy Emeribe and Mr. Basil
Acholonu acted as coordinators of activities with
Evang. Peter Chima serving as an all-round man with
Prof. Acholonu. Security was provided by two
policemen and several members of the Awaka
Vigilante group. The free medical services which
started at about 10:30am, went on until about six
o’clock in the evening. Prof. Acholonu gave vote of
thanks to the health providers of the day.

tested for blood sugar (105) 23 (22%) exceeded the
threshold.

CONCLUSION
Many people expressed profound gratitude to the
free medical mission team for coming to Awaka to
conduct the free medical mission and free screening
for HIV/AIDS that gave many people a new lease on
life. The community passionately requested another
free medical mission. The people have a terrible
healthcare disparity problem that needs more
attention. All the Medical professionals ( Fig. 12 )
were given certificate of attendance and appreciation.
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RESULTS
About 500 people were treated during the medical
mission at Awaka. Of those who volunteered to be
screened for HIV/AIDS (131; 63 males and 68
females), none was positive. Of the 151 that were
screened for malaria (54 males and 94 females), 82
were positive (53.4%). Of those positive, 27 males
(33%) and 55 females (67%) were positive. Of those
tested for cholesterol (42), only one had low
cholesterol and 3 with high cholesterol. Of those

Fig. 1: Imo State, Nigeria where Medical Mission was
conducted
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Fig. 2: Awaka Town, Imo State, where Medical Mission was
conducted
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Fig. 3: Prof. Acholonu address the people during opening
ceremony

Fig. 4: Medical mission participants seating and watching during
opening ceremony.

Fig. 5: Cutting of the ribbon by Prof. Akujor (2 nd from left,
chair of the occasion, to start the medical mission

Fig. 6: Pharmacist in medicine room.

Fig. 7: Pharmasist giving medicine to patient while Prof.
Acholonu watched.

Fig. 8: Optometrist helping to give the correct eye glasses to a
patient
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Fig. 9: Nurse checking blood pressure of a patient

Fig. 10: Lab technologist checking blood sugar of a patient.

Fig. 11: Prof. Acholonu and Evang. Peter Chima, pose
with nurses
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Fig. 12: The medical team that functioned during the medical
mission.

Journal of the Mississippi Academy of Sciences

th
86

Annual Meeting

MISSISSIPPI GULF COASTCONVENTION CENTER
BILOXI,MS

March 31- April 1, 2022

December5

Make sure to Register to receive Complimentary Membership
Can also be done on-line at : https://msacad.org/join-mas

Membership/Registration opens JDQXDU\ 1, 2022

Renew and join early to avoid late fees

October 2021, Vol 66, No 3

227

Journal of the Mississippi Academy of Sciences

MISSISSIPPI ACADEMY OF SCIENCES ABSTRACT FORM/MEMBERSHIP FORM
ABSTRACT INFORMATION
Abstract Title:____________________________________________________________________
Name of Presenting Author(s): _______________________________________________________
If you are a student please fill-out the next line
Name of Mentor and e-mail of Mentor _______________________________________________________
(Telephone____________________________________Email____________________________________________
Check the division in which you are presenting
__ Agriculture and Plant Science
__ Biomaterials
___Cellular, Molecular, and Dev. Biol
__ Chemistry and Chem. Engineering
__ Ecology and Evolutionary Biology

__ Geology and Geography
__ Health Sciences/Population Health
__ History and Philosphy of Sciences
__ Math., Computer Sci and Statistics
__ Marine and Atmospheric Sciences

__ Physics and Engineering
__ Psychology and Social Sciences
__ Science Education
__ Zoology and Entomology

Complete either the Membership/Pre-Registration form if you plan to attend and present at the
meeting if you do not plan to attend the meeting please complete the membership form
MEMBERSHIP/ PRE-REGISTRATION INFORMATION
New ___
Renewal___
Mr. Ms. Dr.________________________________________________________________________
Address __________________________________________________________________________
City, State, Zip ____________________________________________________________________
School or Firm ____________________________________________________________________
Telephone_________________________ Email____________________________________________
PLEASE INDICATE DIVISION YOU WISH TO BE AFFILIATED ____________________________
Before January 8, 2021………………….Regular Member/Pre-Registraion $150 Student Member/ Pre-registration $50
After January 8, 2021…………………. Regular Member/Registraion $200
Student Member/ Pre-registration $60

MEMBERSHIP INFORMATION
New ___
Renewal___
Mr. Ms. Dr.________________________________________________________________________
Address __________________________________________________________________________
City, State, Zip ____________________________________________________________________
School or Firm ____________________________________________________________________
Telephone_________________________ Email____________________________________________
PLEASE INDICATE DIVISION YOU WISH TO BE AFFILIATED ____________________________
Regular Member $30
Student Member $10
Life Member $600
Educational Member $550
Corporate Patron $1500
Corporate Donor $1,000
CHECKLIST
Please complete the following:
__ Enclose title of abstract (even if abstract has been submitted electronically)
__ Complete membership/registration form (this form)
__ Enclose the following payments (Make checks payable to Mississippi Academy of Sciences)
__ $25 per abstract
__ $150 regular membership/pre-registration fee OR $60 student membership/pre-registration fee
__ You must supply a check #______ or P.O. #_________________ (or indicate Pay Pal confirmation) __________

October 2021, Vol 66, No 3

228

Journal of the Mississippi Academy of Sciences

MISSISSIPPI ACADEMY OF SCIENCES—ABSTRACT INSTRUCTIONS
PLEASE READ ALL INSTRUCTIONS BEFORE YOU SUBMIT YOUR ABSTRACT ON-LINE
x

x

x
x
x

Your paper may be presented orally or as a poster. Oral presentations are generally 15 minutes. The
speaker should limit the presentation to 10-12 minutes to allow time for discussion; longer presentations
should be limited accordingly. Instructions for poster presentations are linked here.
Enclose a personal check, money order, institutional check, or purchase order for $25 publication charge
for each abstract to be published, payable to the Mississippi Academy of Sciences. The publication charge
will be refunded if the abstract is not accepted.
The presenting author must be a member of the Academy at the time the paper/poster is presented.
Payment for membership of one author must be sent for the abstract to be accepted.
Attendance and participation at all sessions requires payment of registration.
Note that three separate fees are associated with submitting and presenting a paper at the annual meeting
of the Mississippi Academy of Sciences.
1. An abstract fee is assessed to defray the cost of publishing abstracts and
2. A membership fee is assessed to defray the costs of running the Academy.
3. Membership/Preregistration payment ($130 regular; $60 student) may accompany the abstract, or
you may elect to pay this fee before January 15,th or pay full late membership/registration fees at
the meeting ($180 regular, $60 student).
x

Abstracts may only be submitted on line via a linkthrough the MAS website.The appropriate abstract
fees can be paid via Paypal or sent via mail to Barbara Holmes at the Academy address.
x Late abstracts will be accepted with a $10 late fee during November increased to $25 after that.
Late abstracts will be accepted only if there is room in the appropriate division. They will be
published in the April issue of the MAS JOURNAL.
x Submit your appropriate fees NO LATER THAN December 15th, 20.
Ms.Lisa McCammon
Mississippi Academy of Sciences
Post Office Box 55907
Jackson, MS 39296-5907

GUIDELINES FOR POSTER PRESENTATIONS
¾ The Academy provides poster backboards. Each backboard is 36" high by 48' wide. Mount the poster on the
board assigned to you by your Division Chairperson. Please do not draw, write, or use adhesive material on
the boards. You must provide your own thumb tacks.
¾ Lettering for your poster title should be at least 1" high and follow the format for your abstract. Lettering for
your poster text should be at least 3/8" high.
¾ Posters should be on display during the entire day during which their divisional poster session is scheduled.
They must be removed at the end of that day.
¾ Authors must be present with their poster to discuss their work at the time indicated in the program.

October 2021, Vol 66, No 3

229

Journal of the Mississippi Academy of Sciences

Author Guidelines
Editorial Policy. The Editorial Board publishes articles on all aspects of science that are of general interest to the scientific
community. General articles include short reviews of general interest, reports of recent advances in a particular area of science,
current events of interest to researchers and science educators, etc. Research papers of sufficiently broad scope to be of interest
to most Academy members are also considered. Articles of particular interest in Mississippi are especially encouraged.
Research papers are reports of original research. Submission of a manuscript implies that the paper has not been published
and is currently at the time of submission being considered for publication elsewhere. At least one of the authors must be a
member of the Academy, and all authors are encouraged to join.
Manuscripts. Submit the manuscript electronically to the Mississippi Academy of Sciences under your profile in the
member location of the website. Please also provide a cover letter to the Editor of the Journal. The cover letter should
authorize publication: give the full names, contact information, for all authors; and indicate to whom the proofs and
correspondence should be sent. Please notify the Editor on any changes prior to publication.
Manuscripts must adhere to the following format:
x
x
x
x
x
x
x

x

One inch margins on 8.5 x 11 inch paper;
Text should be left-justified using twelve point type;
Double spaced throughout, including the title and abstract;
Arabic numerals should be used in preference to words when the number designates anything that can be counted
or measured (7 samples, 43 species) with 2 exceptions:
To begin a sentence (Twenty-one species were found in…)
When 2 numeric expressions are adjacent in a sentence. The number easiest to express in words should be spelled
out and the other left in numeric form (The sections were divided into eight 4-acre plots.).
Measurements and physical symbols or units shall follow the International System of Units (SI Le Système
international d’unités) with metric units stated first, optionally followed by United States units in parentheses. E.g.:
xx grams (xx ounces); and
Avoid personal pronouns.

Format
Abstract. In 500 or fewer words summarize any new methods or procedures critical to the results of the study and state the
results and conclusions.
Introduction. Describe the knowledge and literature that gave rise to the question examined by, or the hypothesis posed for
the research.

October 2021, Vol 66, No 3

230

Journal of the Mississippi Academy of Sciences

Materials and methods. This section should describe the research design, the methods and materials used in the research
(subjects, their selection, equipment, laboratory or field procedures), and how the findings were analyzed. For all human and
animal studies please indicate Institutional Approval in this section.
Results. The text of the results should be a descriptive narrative of the main findings, of the reported study. This section
should not list tabulated data in text form. Reference to tables and figures included in this section should be
made parenthetically in the text.
Discussion. In this section compare and contrast the data collected in the study with that previously reported in the literature.
Unless there are specific reasons to combine the two, as explained by the author in the letter of transmittal, Results and
Discussion should be two separate sections.
Acknowledgments. Colleagues and/or sources of financial support to whom thanks are due for assistance rendered in
completion of the research or preparation of the manuscript should be recognized in this section rather than in the body of the
text.
Author Disclosures. Pleae identify all conflicts of interest. In not applicable please indicate

Literature cited. List references alphabetically. Cite references in the text by author and year of publication (e.g., Smith,
1975; Black and Benghuzzi, 2011; Smith et al., 2010; Smith, 2011a, 2011b). The following examples illustrate the style to
be used in the literature list.
Black DA, Lindley S, Tucci M, Lawyer T, Benghuzzi H. A new model for the repair of the Achilles tendon in the rat. J Invest
Surg. 2011; 24(5): 217-221.
Pearson HA, Sahukhal GS, Elasri MO, Urban MW. Phage-bacterium war on polymeric surfaces: can surface-anchored
bacteriophages eliminate microbial infections? Biomacromolecules. 2013 May 13;14(5):1257-61.
Bold, H.C., C.J. Alexopoulos, and T. Delevoryas. 1980. Morpholgy of plants and fungi, 4th ed. Harper and Row, New York.
819 pp
Web-page
o
o
o
o
o
o

name of author(s) -if known
title of the work - in quotes, if known
title of the Web page - in italics, if applicable
date of last revision
URL
Date accessed

October 2021, Vol 66, No 3

231

Journal of the Mississippi Academy of Sciences

Example:
Ackermann, Ernest. "Writing Your Own Web Pages." Creating Web Pages. 23 Oct. 1996.
http://people.umw.edu/~ernie/writeweb/writeweb.html 10 Feb. 1997.

File available by anonymous FTP

o
o
o
o
o

name of author(s) -if known
title of the work - in quotes, if known
date of last revision
URL
Date accessed

Example:
American Civil Liberties Union. "Briefing paper Number 5, Drug Testing in the Work Place." 19 Nov.
1992. ftp://ftp.eff.org/pub/Privacy/Medical/aclu_drug_testing_workplace.faq
13 Feb. 1997.

Please Tables and Figures at the end of the manuscript submitted.
Tables. Tables must be typed double spaced, one table to a page, numbered consecutively, and placed at the end of
the manuscript. Since tables must be individually typeset, consolidation of data into the smallest number of tables is
encouraged. A horizontal double underline should be made beneath the title of the table, and single underlines should be made
the width of the table below the column headings and at the bottom of the table. Do not use vertical lines, and do not place
horizontal lines in the interior of the table. Use footnotes, to clarify possible questions within the table, should be noted by
asterisks, daggers, or other symbols to avoid confusion with numerical data. Tables should be referred to parenthetically in
the text, for example (Table 1).
Figures and illustrations. Figures may be photographs, computer -generated drawings, or graphs and should be placed at the
end of the manuscript and referenced in the appropriate place.. All illustrations are referred to as “Figures” and must be
numbered consecutively. Illustrations other than those generated by the author(s) must include permission for use and credit to
the originator. Each figure must have a complete legend that is typed, double-spaced, on a separate sheet which precedes the
figures in the manuscript. Figures should be referred to parenthetically in the text, for example (Fig. 1).

October 2021, Vol 66, No 3

232

Journal of the Mississippi Academy of Sciences

Footnotes. Text footnotes should not be used
Submission Preparation Checklist
As part of the submission process, authors are required to check off their submission’s compliance with all of the following
items, and submissions may be returned to authors that do not adhere to these guidelines.
1.
2.
3.
4.

The submission has not been previously published, nor is it before another journal for consideration (or an
explanation has been provided in Comments to the Editor).
The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.
I acknowledge that if my manuscript is peer-reviewed and accepted for publication, there will be a paper charge fee
of $50/page for non-Academy members.
The manuscript file is in Microsoft Word format.

Copyright Notice
Authors who publish with this journal agree to the following terms:
1.
2.

3.

Authors retain copyright and grant the journal right of first publication
Authors are able to enter into separate, additional contractual arrangements for the non-exclusive distribution
of the journal’s published version of the work (e.g., post it to an institutional repository or publish it in a
book), with an acknowledgement of its initial publication in this journal.
Authors are permitted and encouraged to post their work online (e.g., in institutional repositories or on their
website) prior to and during the submission process, as it can lead to productive exchanges, as well as earlier
and greater citation of published

October
66,No.
No 1
3
January 2021, Vol 66

233
41

Journal of the Mississippi Academy of Sciences

CALS
•17 undergraduate majors,
•45 concentrations
•17 graduate majors,
•38 concentrations
•Nearly 100% job placement
•2,210 acres of farm land
•Research opportunities
•Scholarships
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MAFES
We Research...
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