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ABSTRACT 

Eight speci es o! tardigrades representing fiv e genera 

{Echiniscus mauccii , Echiniscus virginicus, Itaqu.ascon bartosi, 

Macrobiotus hu!e landii, Macrobi otus intermedius, Macrobiotus 

tonollii, Milnesium ta rdigradum and Pseudechinisj:US sui llus) were 

collected from epiphyte sam ples on J nniperus virginiana {cedar} and 

Cornus !lorida {dogwood) trees, the phorophyte species, from two 

sample areas on a farm in Montgomery County, Tennessee , The 

two sample areas were both located on north-facing s lopes . 

The distributions o! the tardigrades a r e discussed with re­

spect to epiphyte species and p horophyte speci es . There was n o 

apparent relationship be tween t he species o! tardigrades and th e 

species of epiphyte s on the trees, One speci es o! tardigrade was 

significantly diffe r e n t with respect to presence or a bsence on the 

phorophytes . Echinis cu s virginicus wa s observed to be significantly 

predominan t on dogwood trees. Some possible factors that limit 

tardigrade distributi on s are a l so discussed. 
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Chapter I 

INTRODUCTION 

Tardigrades are minute invertebrates which are generally 

referred to as "wate r bears". These organisms can be found in va r ious 

marine, freshwater, a nd terres trial habitats. Tardigrades wer e once 

considered to be l ong in a class of the Phylum Arthropoda; however, 

they are now regarded as a separate phylum (Tardigrada) which has 

similarities to arthropods and to the aschelminthes complex (Riggi n, 

1962). 

S tudies of tardigrades have been conducted in various r eg i ons 

of North, Central and South Ame rica. Argue (1971, 1972, 1974) 

collected and described ta r dig rades from Canada. Dougherty and 

Harris (196 3) and Murray (1907a) conduc t ed investigations on tardi­

grades in the Antar c tic and Arctic r espectively. Studies have been 

done in Central Am•:.? rica by Bea sley ( 1972) who sampl ed in Mexico. 

Also, M e hlcn (I969a ) and Riggin (1963) made collections from Costa 

Rica. Schuster and Grigarick (1 966a) inv es tigated tardigrades from 

cryptoga ms on soi l, r ocks , and vegetation collected in the Galapagos 

and C ocos I s lands. 

The maj ority of the research on tardigrades has been con­

ducted in Europe . Murray (1907b) did extensive res earc h o n Scottish 



tardigrades colledcd throughout the country. General distributions 

and descriptions were presented for th e tardigrades found in Scotland. 

Twenty-four moss samples were taken throughout Switzerland from 

which tardigrades were collected by Bartosi (1949). He found 19 

different species representing six. genera. Welgarska (1959} studied 

tardigrades from Poland where she made the initial description of 

Itaquascon bartosi. Species from the genera Pseudechiniscus, 

Macrobiotus and Hypsibius were also observed, The monograph by 

Ramazzotti ( 1972) and the suppl ement {1974) discussed systematics, 

morphology, ecology, methods of preparation, and included extensive 

bibliographies . This is the definitive work on the tardigrades . I t is 

written in Italian, but is essential to anyone seriously studying tardi-

grades . 

The amowit of research conducted on tardigrades in the United 

States has been rather sparse when compared with that of Europe . 

A thorough r eview of the lite rature of Europe and North America was 

reported by Riggin {1962) . Pennak ( 1953) provided general descrip-

tions of tardigrade reproduction , body systems, ecology, and character ­

istics , A key wi th some general information on morphology, distribu-

tion, and identification was presented by Marcus ( 1959). Higgins ( l 975} 

edited a volume considering various ai;pects of tardigrades such as 

physiology, speciation, s ystematics, cytogenetics, and ecology. In 

the first comprehensive study of tardigradc s in North America, 



Ma.thews (1938) stated tha t there were 32 species known from North 

Ame rica, 12 of which w e re from the United States . 

During the past two decades many researchers have collected 

and described tardigradcs from various areas of the United States. 

Other species of tardigrade s have been reported from several states 

by the following authors: Curtin (1957) from Maryland; Higgins (1959) 

from Colorado and (1960) from North Carolina; Riggin (1962) from 

Southwest Virginia, South Carolina, Florida and Tennes~ee and (1964) 

from North and South Carolina; Beasley (1968) from Kansas; and 

Mehlen (1969b) from Texas . Schuster and Grigarick (1965, 1966b, 

1970) have done extensive studies of the tardigrades in Western 

North America, particularly California. 

Three studies on tardigrades have been previously reported 

from Tennessee . Barnes (1974) did a taxonomic study of the tardi­

grades from Rutherford County, Tennessee. A study was done on the 

tardigrades from Roan Mountain in East T e nnessee (Nelson, 1975) 

This investigation e xamine d the distributions of tardigrades with 

respect to slope expos ure, height of the epiphytes above the ground, 

epiphyle :;pecii..::; a nd exposure of the epiphytes on the tree. Riggin 

(1962) colle cted from Carter and Sevier Counties in East Tennessee, 

although the bulk o f th e material obtained and identified was derived 

from Southweste rn Virginia, He found 26 species representing eight 

genera. 



Objectives of the Investigation 

Since there has been no published research on the tardigrade 

fauna in Montgomery County, Tennessee, this study was W1dertaken 

and the objectives were outlined as follows: 

l. to collect and identify tardigrades present in 

epiphytes on a farm in Montgomery CoW1ty, 

Tennessee; 

2. to determine th e distribution of tardigrades present; 

3. to determine certain population parameters for the 

tardigrades found; 

4. to determine which, if any, of the ecological 

factors considered may have a significant effect 

on the distribution of the tardigrades. 

Description of the Study Area 

The two stands of trees were located approximately 21 kilo­

mete rs south o ( Clarksville, Tennessee, on the Martha's Chapel Road. 

The e l evation of the s tudy area was 168 meters above sea level . It 

was located at 87°20 ' l ongitude and 36°23 1 latitude (U. S. Defense 

Mapping Agency, 1961) . 

Montgomery County is underlain by limestone of Mississippi;i.n 

age. The southern portion of the county is underlair. by St. :...ouis 

limestone formations which is underlain by cherty limestone that 

weathers slowly. A mantle of loess about three tenths to one meter 



thick covers most of the rolling or sloping soils . Three types of soil 

are found to compose the study area. They are as follows: 

BaC Baxter cherty silt l oam, 12 to 20% slope 

BgE3 Baxter soils , 12 to 25% s l opes, severely eroded 

BrC Brandon silt loam, 5 to 12% slopes . 

The topography of the southern part of the county is characterized by 

deep hollows, steep hillsides, and winding ridgetops (United States · 

Department of Agriculture, 1975). A map of the study area is shown 

in Figure l. 
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Collection 

Chapter II 

METHODS AND MATERIALS 

Two disjunct stands of trees were selected on the basis of the 

following criteria: accessibility, presence of Juniperus virginiana 

and Cornus florida trees, and presence of epiphytes on the phoro­

phytes. Epiphytes from fifteen Juniperus virginiana {Cedar (C)] · 

and Cornus florida [Dogwood (D}] trees, all located on north-facing 

slopes at an elevation of approximately 168 meters were chosen for 

comparison. 

Collection of Epiphytes 

A single sample was taken from each tree . The epiphytes 

were scra ped from the bark with a knife, placed in an individual paper 

sack, marked with th e sample number 1-15 , and the tree type (C, D), 

The top of th e sack was folded and pape r clipped and then placed in a 

large collecting bag. Each of the two tree types sampl ed was number­

ed consecutively l-1 5 , 

Samples weighing between • 5 and l. 5 grams were brought t.J 

the lab for identifi cation of the epiphytes and ex.tracti1.m of the tardi-

grades . The mosses and liverwort were identified by Dr, David K. 

Smith, Botany Department, University of Tennessee, Knox.ville, 



with reference to Crum, Steere, and Anderson (1965) . The samples 

have been deposited in the herbarium. at the University of Tennessee, 

Knoxvi lle, The author identified the lichens according to Hale (1969) 

with the assistance of Dr, Haskell C. Phillips, Professor Emeritus, 

Austin Peay State University, Clarksville, Tennessee. 

Treatment of Samples 

The samples were allowed to air dry in the lab for one week. 

After this time a subsample was removed for identification, and the 

remainder of the sample was scraped from t he bark that was taken 

with each sample. These raw samples were weighed on a Mettler 

Gram-atic analytical balance. 

Apparatus 

Extraction of the tardigrades from the epiphytes was accom­

plished b y bear traps (Figure 2), Each trap consisted of a 1. 42 1 

g la ss funnel with a cork stoppe r at the base. The fwmel was placed 

in a ring stand for support. A wire basket to contain the epiphytes 

was made of cloth 49 meshes per square centimeter, which was cut 

into 22. 9 cm diamete r circles and folded in quarters. Two or three 

bent paper clips were used to suspend the basket in the funnel. 

_!:'roced u re 

Five bear traps allowed five samples to be processed each 

day. One sample was placed in each of the five fW1ne l s. Each of the 



Figur e 2. Diagram of a " Bear Trap11 • 
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funnels was marked with the corr espondin g sample number. Approx­

imatel y l. 0 l of dis tilled water was added until the funne l s were 

three-quar ters full. Floating epiphytes were swirled until they were 

thoroughly moistened. The epiphytes were a llowed to soak at l eas t 

four hour s at ambient tem p erature. 

Individually, each wire basket was agitated and gently lifted 

above the funnel. The sample wa s squeeze d over the funn el. Approx-

imately 0. 41 of d i stilled water was washed throu gh the epiphytes and 

the basket was again squeezed . The sample and basket were p laced in 

numbered dishes to d r y. The contents of the funnel were agitated 

with a clean stirring rod and a llowed to settle. The upper 0 . 7 l of the 

water was r emoved fr om the funnel with a squ eeze bottle. This water 

was discarded after initia l check s proved that few, if any, tardigrades 

were lost in this manner. The contents of the funn el were allowed to 

rW\ into a numbered finger bowl. The cork and funnel were rinsed 

twi ce with distilled water. These rinsings were the n allowed to run 

into the corresponding finger bowl . The sample was swirled, allowed 

to settle , a nd r un through a 11Mini-Sieve"™ mic r o sieve se t , which 

was obtained from the Lab Apparatus Company. T h is apparatus con­

sisted of two coupled sieves 5. 13 cm in d i ame ter with a number 60 

mesh on t op and a number 325 mesh on the bottom. The top s i eve 

caught debris w hich was discarded. The m esh of the lower sieve was 

40 µm which was small e nough to retain the tardigrades. The number 



11 

325 s i e ve was backwa s h e d into a clean, labeled finger bowl. Hot 

water wa s poure d o nt o e ach of the samples. This killed the tardi­

grades by coagulating th e protein and rende ring them opaque against 

a dark background . The s queeze bottle was used to r e move all but 

approximate ly 10 ml of the wa ter from the finger bowl. The remain-

ing water a n d the d etritu s con taining th e tardigrades were poured into 

a liquid scinti llation vial. The finger bowl was rinsed with approxi­

mately 15 m l of 85 % ethyl alcohol. The se rinsings w e re then poured 

int o the vial. The via l s were labeled, capped with s crew - top lids, 

and store d u n til the conte n ts c ould be examined. 

The dry epiphyte samples were placed into the corresponding 

paper s acks. The funn e l s , corks, baske ts, and dishes were thoroughly 

wa s h e d in tap wate r . Thi s procedure was repe ated for all samples 

from all tr ee s . 

Isolation and Slide Prepar ati on 

The conte n ts of the v ia ls were e xa m ined in a P e tri dish with 

a Baus c h and L o m b ,Jissccting microscope . The entire area was 

e xamined on hig h-powe r (45x). Each tardigrade was r e mov e d with a 

pipette a nd dro ppe d o n a clean glass slide . A drop of Hoyer's modifi ed 

Berlese m ou n ting m e dia (Ta ble I} was plac e d on the tardigrade. T~e 

ingre dients in T a ble I s h ould be dissolv e d in order wi tr. a. Uciition of 

h eat and then filte red . Each tardig r ade was positioned near the 

center of the dr o p of m ounti ng media with a probe. A number one 



Table I 

Hoyer 1s Modified Bcrlese Mounting Media 

Substance 

Distilled water 
Gum arabic , crude 
Chloral hydrate 
Glycerine 
Potassium iodide 
Iodine 

Amount 

50 cc 
30 gm 

200 gm 
20 gm 

I gm 
2gm 

12 
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18 mm square cove r slip was placed on the slide . Each slide was 

labe led with the date, sample number , and type of tr ee . The s lides 

were dried in an oven at 30°C for one month. 

Identification 

The spec imens we r e firs t divided into genera and species, if 

known. If more than one type of tardigrade was present each genus 

was then subdivided into s imilar kinds which generally represented 

species . 

Verifications of species identifications were made with the 

personal as s i stance o f Dr, Diane R. Nelson of East Tennessee State 

University, Johnson City, Tennessee, and Mr. Robert 0. Schuster 

of the Univers ity of Califo rnia at Davis . A major portion of the 

identifications w e r e made with reference to Ramazzotti (1972) . In 

one instance Riggin {1962) was used to verify a species. 

Statistical ~nal ysis 

Two nonparame t r ic s tatistical tes t s suited for nomina l data 

were used in this study to dete rmine the significance of diffe r ences at 

the 0. OS level between tw o independent groups. The Chi-Square te st 

for two independe nt g roups , corrected for continuity , was calculated 

according lo Siegel ( 1956). Significance levels for the Fisher test 

were determined from a table of critical va lues of D by methods 

described by Siege l (1956). 
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Contingency tables were set up for the eight species of tardi­

grades, 27 species of e piphyte s, and four epiphyte combinati ons found 

in the study areas, Rows represented the phorophytes. Colwnn 

headings were: (1) the numbe r of samples in which the species was 

present; and (Z} the number of sampl es in which the species was 

absent, All tests w e re d one at the 0. 05 level of significance . 

S i z e of Sample Areas 

The size of area within the study areas was determined by 

the use of a compensating polar planimeter obtained from the Gelman 

Instrument Company. This was done by measuring the area of an 

enlarged scale map of the sample plots with the polar planimeter and 

converting square inches to squar e meters. 



Chapter lll 

SYSTEMATICS 

Presented below are definitions of morphological terms which 

apply to the tardi grades of this study. The abbreviations of the terms 

used in the figures are in parentheses. The structure can be foW1d in 

the respective figur e following the definition. 

Terms for Eutardigrada: 

Annulation (a) - a thin, linear cuticular thickening 

in the pharynx (Figure 5). 

Apophysis (ap) - cuticular thickenings at the 

junction of the mouth tube and the pharynx (Figure 6). 

Furcac (() - enlarged, posterior portions of the 

s tyle t s w hich serves as the l ocation o f protractor and 

retrac to r muscles of the sty l ets (Figur e 8). 

Inne r d a w (i) - the inne rmost or hind c law 

{Figur<' 5). 

Mac r oplacoid (ma) - large, cuticular thickenings 

in th e pharynx that occur in two or three transverse rows 

(Figure 7) . 

Microplacoid s (mi ) - small, cuticular thickenings 

locat~d posterior to the macroplacoids (Figur e 6). 



Mouth ring (rnr) - ringlike structure surrounding 

the mouth opening (Figu r e 7). 

Mouth tube (mt) - s truc ture extending posteriorl y 

from the mouth openings to the stylet supports (Figur e 8). 

Mouth tube suppor ts (ms) - a small support that 

extends ventrally from the mouth ring to the middl e of 

the mouth tube (Figure 8). 

O r a l papillae (op) - short, rounded appendages that 

surround the mouth opening (F i gure 9). 

Outer claw (o) - outermost or fore claw (Figure 5). 

Pharyngeal tube (pt) - str ucture that extends from 

the s tylet supports to the pharynx (Figure 7) . 

Pharynx (p) - th e somewhat rounded cuticular 

structure that is the end-point of the buccal apparatus 

(Figure 9) . 

Primary branch (pb) - the longe r branch of t h e 

inner and outer claws (F i gu r e 5) , 

Secondary branch (sb) - the s h or t e r branch o f the 

inner and outer claws (Figure 5) . 

Stylet (s) - structures situated laterally to the 

mouth tube that are ant e r ior ly s harply pointe d {Figure 9). 

Sty le t support (ss ) - s tr uctures that attach the 

stylets to the mouth tube (Figur e 6) . 

16 



Terms for Heterotardigrada: 

C e phali c papillae {CP} - s h ort, rounded appendages 

tha t occ ur on e ithe r side o f the mouth op ening (Figure 3). 

Clava (C) - shor t, rounded appendages that occur 

at or near the junction of the head plate and the first 

segmen ta l plate (Figure 3). 

Dentate collar (DC) - a row of s h o rt spines located 

o n the fourth pair of legs (Figur e 4 ) , 

Dorsal spi nes (DS) - short appendages tha t a re 

l ocated on the dorsal posterior edges of the first, second, 

and third segmental plates (Figure 4). 
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External cirri (EC} - short, filament ous appendages 

t hat are locate d external to the c epha lic papi llae (Figure 10) . 

Internal cirri (IC) - short, filamentous appendages 

that a r e l ocated internal to the cepha lic papillae (Figur e 10), 

Lateral cirri (LC} - elongate , filam e nto u s appen­

dages that occur at o r near the jun c tion of the h ead plate 

and the first s egmental plate (Figu r e 3). 

Latc ra L s pines (LS} - s h ort a ppendages tha t are 

l o cate d on the la t e ral p os terior e dg e s of the first, second, 

and th ird segmental plates (Figure 4). 

End plate (E) ~ the most posterior cut:icular 

plate (Figur e 3). 



Head p late (H) - the most anterior cuticular plate 

that bears the cephalic appendages (Figure 3). 

First segmental plate (I) - the p late immediately 

behind the head plate located in the region of t he first 

pair of l egs (Figure 10). 

Second segmenta l p late (II) - the first row of 

paired plates l ocated in the r egion of the second pair 

of l egs (Figure 10), 

Third segmenta l plate (III) - the second row of 

paired plates l ocated in the region of the third pair of 

leg s (Figure 10) , 

Pseudosegmental plate (P) - a sing l e plate that 

18 

i s located immediately anterior to the e nd plate (Figure 10), 

First intcrsegmenta.l plate (1) - the plate that i s 

located between the first and second segmental plates 

(Figure 3) . 

Second intcrsegmental p late (2) - the plate that is 

located between the second and third segmental plates 

(Figure 3) . 

Third intersegmental plate (3) - the Plate tha t is 

loca ted betwe e n the third segmental plates and the end or 

pseudosegmental plate (Figure 3). 



Taxonomic K ey to Tardigrades fr om this Study 

The key is a dapted from Schuster and Grigarick (1965} and 

Ramazzotti (1972). 

la 

lb 

Key to t he Tardigrades of This Study 

Head with late ral cir ri . 

Head without lateral cirri . 

Order Heterotardigrada 

Order E utardig r a da 

2a ( la) Dorsal body cuticle clearly div i ded into head plate, 
segmentals I, II, lll, intersegmentals l, 2, 3 , and 
end plates . Family Echini scidae 

2b Dorsal body cuticle clearly divided into head plate, 
segmentals I, 11, III, P (pseudosegmental plate). 
intersegmentals 1, 2, 3, and end p late. 

19 

4 

Ps eudechinis cus suillus p. 30 

3a (2a) Lateral and dorsa l s pines present. 
E c hiniscus (E.) virginicus p. 21 

3b Lateral and d orsal spines abs e nt, two pairs of he mi­
spherical protrusions between segmental s II and Ill 
and segmental III and end plate. 

E chiniscus (E.) mauccii p. 21 

4a (lb) Oral papillae and lateral cephalic appe n dages present 
pharynx. without cuti c ula r thi cke nings , claws with 
branches completel y separated. 

Family Milne siida e, Milnesium tardigradum p. 30 

4b Oral papillae and lateral cephalic appendages absent, 
pharynx with cuticu lar thickenings, claws with 
branches partially separated. 

Family Macrobiotidae 

Sa (4b) Pharynx with p la coids, mout h tube supp0 .. t p r ,,.~cnt , 
claws similar in s ize and structur ·e. 

Macrobiotus 



Sb Pharynx without placoids, w ith annulation s, mouth 
tube support absent, claws dissimilar in s i ze and 
structur e. 

6a (Sa) Microplacoids present 

20 

p. 24 

6b Microplac oids absent , third macroplacoid l onger than 
second, and sometimes with bulbous satelite on posterior 
e nd . Mac r obiotus tonollii p. 27 

7a {6a) Three separate macroplacoid s present, round or 
oval in shape, microplacoid sma ll, if present. 

Macrobiotus intermedius p. 27 

7 b Two separate macroplacoids present, first with deep 
cons triction, second s h o rte r, microplacoid e l o n ga t ed. 

Macrobiotus hufe landii p. 24 
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Descriptions of the Species Found in th e Epiphytes from the Study 

~ 

Eight species of ta rdigrades were identified from the study 

areas. The descriptions of these tardig rades are as follows. Mea-

surements that are included represent averages for values obtained 

for respective structures . 

E chiniscus (Echiniscus) mauc cii Ramazzotti, 1956 
(Figure 3) 

The cuticle has large , irregular granulations that appear to 

have a h e xagona l arrangeme nt because of the arrangement of cuticular 

pores. The presence of hemispherical pr oje ctions between the second 

and third segmental plates (II and III) and the third s egmental plate 

and end plate (Ill and E) are the distinguishing characteristics for the 

species. Dor s al l eg spines are present on the fourth pa_ir of legs. 

Short spines are present on the inner claws of the fourth pair of legs. 

There is a short spine present on the first pair of le g s . The total 

body length of the orga ni s m is small , up to 211 µm. There are no 

eyes pots present. 

~~ (Echiniscus) virginicus Riggin , 1962 
(Figure 4) 

T h e cuticle exhi b its heavy granulatio n. The first segment?!. 

plate (I) is broad and the second and third segment.cl p~::..~cs (II and III) 

arc paired. lnte rs egme nta l plate 1 is· triangular with its apex directed 

anteriorly . Short, broad dorsal spines arc sometimes present at 



Figure 3. 

LC 

A B 

Echiniscus (E.) mauccii from Nelson, 1975 . . 
A, Dorsal v i ew, ~aws o! fourth leg, 



23 

DC 

A 

DS 

1) 
C 

B 

Figure 4 . E c h ini s cus (E . } virginicus fr o m Riggin, 1962. 
A . L a t e ral view. B. Dorsal view. 
C. I nn e r claw !rom fourth l e g. 
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cz and dz. Long lateral spines are present at c, d and e. The end 

plate (E) is partially divided, The fourth pair of legs possess dorsal 

spines. On each leg the inner claws have strongly developed secondary 

branches which are directed proximally. Total body length is up to 

167 µrn. No eyespots are present. 

Ita:quascon ~ Welgarska, 1959 
(Figure 5) 

The cuticle is smooth, The mouth tube is 3. 7 j.lITl wide by 

22. 0 µm long. Annulatations, which are difficult to detect, are present 

on the posterior portion of the pharyngeal tube . Recurved and divergen1 

stylets are present, The pharynx is long_ and cylindrical; . the length 

is approximately double the width. There are no placoids or apophyses 

present. Each leg has two claws that are dissimilar in size and shape. 

The primary branch of the fore claw is thin and very long, 13. 5 µm 

with small accessory spines., The primary branch of the hind claw is 

much shorter, 7. 3 µm, and has a_ccessory spines, Total body length 

is up to 307 µm, There are no -~yespots present . The identification 

of this species is questionable due to the quality of the slides and the 

small number of specimens collected. 

Macrobiotus hufelandii Schultze, · 1833 
(Fi_gure 6) 

The cuticle is smooth, A ITl.outh ring with lamellae is present. 

The mouth tube is 3, 2 um wide by Z4, 7 µm long. There is a well 
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Figure 5. ltaquascon ~from Ramazzotti. 197 2 . 
A. Buccal apparatus , B, C laws from fourth leg. 
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A B 

Figure 5. Itaquascon~from Ramaz.zo tti . 1972. 
A . Buc cal appa r atus. B. Claws from fourth leg. 
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deve l oped mouth tube support present. The pharynx is round t o oval 

in shape , and it contains well developed apophyses. There are a l so 

two rod - shaped macroplacoids, the most anter ior having a deep con-

striction (sometimes appearing separate, forming three sets of macro-

placoids); the second is shorter, sometimes with an enlarged posterior 

end in the pharynx. One set of elongated microplacoids are present. 

The c laws are paired with complete l wlUles that are smooth or toothed. 

Total body length is up to 297 µm. Eyespots are present, near the 

level of the stylet supports . 

Macrobiotus intermedius Plate, 1888 
(Fi gure 7) 

The cuticle is slightly granulated. The mouth tube is narrow, 

l. 0 µm by 15. l µm long. It is dorsally curved; therefore , the mouth 

is subterminal. There is a small mou th tube support present. A 

single mouth ring i s present but the lamellae are absent. T h e phar ynx 

is spherical in shape. lt contains apophys es and three oval shaped 

macroplacoids. The first set of macroplacoids are partially hidden 

by the apophyscs. If pr esent, the microplacoids are very small. The 

total body le ngth is up to 231 µm. These are small organisms with 

eyes pots. 

Macrobiotus tonollii Ramazzotti, 1956 
{Figur e 8) 

The cuticle is smooth. The mouth tube is wide , 4. 8 µrn by 

32. 0 µm long. A m o uth ring i a p r esent and has lamellae. There is 
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Figure 7. Macrobiotus intermedius from Ne lson. 19-75., 
A. Buccal apparatus. 

ZS 
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Figure 8. Mac r obiotus tonollii {r o m Nelson. 197 5 , 
A . B uccal apparatus." B. Egg. 

29 
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a well developed mouth tube support present. The pharynx is oval in 

shape, containing three macroplacoids and one set of apophyses. The 

median macroplacoid is the shortest, and the posterior macroplacoid 

is slightly longer than the anterior macroplacoid , Both the anterior 

and median macroplacoids are very close together and appear attached. 

There are no microplacoids present. Claws are paired and have smooth 

lunules. These organisms are large; the total body length is up to 

515 µm, Eyespots are not present, The eggs have characteristic 

cone- shaped processes. 

~ tardigradum Doyere, 1840 
(Figure 9) 

The cuticle is very smooth. The mouth tube is long, 40. l µm 

and very wide , 10. 9 µm , There is an elongated pharynx that has no 

placoids. Claws are located on toe-like extremities. B oth the 

primary and secondary branches of the. double claws are compl etely 

separated . The primary branch is long and thin and the secondary 

branch is stout and fork ed. These individuals are large with a total 

body length of up to 545 µm, Eyespots are present, 

Pseude chiniscus s uillus Ehrenberg, 1853 
(Figure 10) 

The cuticle has regu lar fine granulations that are more prom­

inent on the segmental p lates but are present on the head plate and legs. 

The head plate (H) has a zigzag patterned suture, Dorsal leg spines 
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Figure 9. Milnesium tardigradum from Nelson, 1915. 
A, Buccal apparatu_s. B. Claws from fourth leg. 
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Figure 10. Pseudechiniscus suillus from Riggin, 1962. 
A, Dorsal view. B, Fourth leg with claws. 
C. Inner claw from fourth leg. · 
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are absent. The inner claws of the fourth pair of l egs have r ecurved 

basal spurs . These or gani sms are small with a total body length of 

up to 143 µ m, There a r e small eyespots present. 



Chapter IV 

RESULTS 

Statistical analyses consisted of two nonparametric statistical 

tests that w e r e suited for nomina l data. These tests were utilized to 

determine the significance of differences at the 0. 05 level between two 

independent g roups . 

The Chi- Square test is applicable to data in a contingency table 

only if the expected frequencies are sufhciently la rge. The expected 

frequencies must be greater than five for the test to be properly used 

or meaningful. Whe n the above c riteria are met and the calculated 

Chi-Square value is equa l to or greate r than the observed value for 

the appropriate number of deg r ees of freedom ( l) and level of signifi-

cance (0. 05), the null hypothesis can be rejected. A table of Chi­

Square va l ues was used (rom Siegel (1 956) . 

The Fisher te st is usefu l in analyzing data r e pr esented by fre -

quencies in a 2 x 2 contin gency table (Table 11) when the sample size 

is small (les s than 30). 

Table 11 

2 x 2 Contingency Table 

Gr oup I 

Group 11 

+ 

A 

C 

B 

D 

A+ B 

C+D 

Total A + C B + 0 N 
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If the observed value of D is equal to or less than the cri tical 

va lue for D in the tabl ~ under the O. 05 level of significance, then the 

observed data are significan t a t that level and the null hypothesis can 

be rejected. The use of the word significant in the text refers to a 

s ignificant difference at t he 0 . OS level . 

~ virginicus was the on ly tardigrade species, of the 

eight found, that showed a significan t difference with r espec t to 

presence or absence of the species on th e ceda r and dogwood trees . 

It was found predominantly on dogwood trees. Epiphytes r e presenting 

the following three plant group s were identified fr om t he phorophytes: 

liverworts, mosses, and lichens, The single species of liverwort, 

~ inflata, was found to be s ignificantly predominant on cedar 

trees . Of th e nine species of mosses found , Clasmatodon parvulus an 

~ brachypus var. andrewsianus were b o th observed to be 

s i gnificantly predominant on cedar tre es. Sixteen species of lichens 

were identified; of these , four were found to exhi bil s ignificant differ­

ences b e tw een presence and absence of the s pecies on cedar and dog­

wood tr ees. Parme lia rudecta was £ow,d on sign ificant ly more dogwo1 

trees. The three species of lichens pr edominantly observed on cedar 

trees were Candelaria concolor, Crocynia membranaceae , and 

Phy scia tribacoides. 

Since the pr esent study dealt with three groups of epiphy tes, 

the following combinations were observed: (1 ) liverwort, moss, 
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lichen; (2} liverwort, lichen; (3) moss , lichen; and (4) lichen. Two 

of these four groups were significantly different. The liverwort, moss, 

lichen combination was predominant on cedars, while lichens alone 

were predominant on dogwoods. No apparent relationship existed 

between the epiphyte species and the tardigrade species . 

Frequency is defined as the number of samples in which the 

tardigrade, liverwort, moss, and lichen occurred divided by the ap ­

propriate number of samples involved. The nwnber of sampl es was 

as follows: total 30; from cedars, 15; from dogwoods , 15. I£ a species 

is present on both types of trees, but not equally abundant, then the 

frequency values are useful in that they represent a more valid pic­

ture of the spccics 1 distribution, Therefore, the frequency depicts the 

relative distribution of a species among the phorophytes and provides 

some degree of probability of finding a particular species. Frequency 

values for the eight species of tardigrades are given in Table III and 

Figure 1 1. Tardigrade and epiphyte species were grouped according 

to frequency as fol lows: 70- 100%, abundant; 20- ·10%, common; 0 - 20%, 

ra r e. Table IV lists the number of samples containing an epiphyte in 

which each tardigrade species was found, Figure 11 and Tables Ill 

and IV were used to compile the distributions for each tardigrade 

species . 

~ mauccii was common on both of the phorophy tes 

sampled. The sing le liverwort, eight moss, and thirteen lichen 
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A = Echiniscus mauccii 
B = ~ · virginicus 
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E = M, intermedius 
F = M. tonollii 
G = Milnesium tardigradwn 
H = Pseudechiniscus euillus 

Figure 11 .. Frequency Values of Tardigradee Found on Cedars 
and Dogwoods from the Study Areas, 



Table 111 

Frequency Value s of Tardigrai;Ie_s from Ceda,rs 
and Dogwoods in the Study Areas 

Tardigrade Species 

Echiniscus mauccii 

Itaquascon bartosi 

Macrobiotus hufelandii 

M. intermedius 

M . tonollii ----
~ tardigradum 

Pseudechiniscus suillus 

*C = Cedar 
**D = Dogwood 

Fre9,uel1c x: (o/o) 

C* D** 

53 . 33 53. 33 

6. 66 53 . 33 

0. 00 13 . 33 

53. 33 46. 66 

0 . 00 13. 33 

33, 33 6. 66 

0. 00 13 . 33 

46. 66 13 . 33 



Table IV 

Number of Sa.mplu a.nd Specie1 of Epiphyte1 Inhabi ted by Tardigra.dea 

Epiphytu 

Tardignde Species ABCDEFCHIJKLMNOPORSTUVWXYZ 

~~ 
.E.:_ vlrginicus 

ltaqu.ucon ~ 

' 4 

~ ~ 10 5 

~ ~ 
~ tonollil 4 3 1 

~ tardigradum 

Paeudecblnhcu ■ 1uillu1 7 Z 

Z I Z I I l 1 3 1 4 I Z l 4 2 10 

Z l Z 6 l 

Z 4 Z Z . I l 5 l 3 5 4 1 

Z l ·1 1 ' ' ' 
ZIZZl1811143l 

1 10 

1 z 

4 4 1 

' · 
5 ' ' 

1 1 4 

l 3 1 

Where, all figu re s : Number or samples containing ii 1pecific epiphyte that were Inhabited by each ·iardigrade 1pecie1 . 
T' : Total number o r epiphytic 1pecie1 inhabited by a tardigrade 1pede1. 

~ 
A"~~ 

~ 
B: C\i11m1. ' odon parvulu1 
C " Cryhile~ giomenta 
D = HomillPtheceilh. 1ubci1pilli1ta 
E: Leucod , ~ brachypu• var.~ 

F"'h~~ 
G: Le1kea ub1 curil 
H = Orthotrichum pudllum 

I : Pla.tygyriwn repen1 
J = Pyld ■ lella 1elwynii 

Lichens 

K " Anaptychia ~ 
L: A. ravenellii 
M=L •peciou. 
N = !:_. 19uamulou 
0 : Cilndela ria concolor 
P : Crocynia membranaceae 

Qs~~ 

R • ~ caperata 
S II P. reticulata 
T 2 P.~ 
U • P. aubcrlnita 
V=P.~a 
W., Phytcla orbicularl1 , 
X "'~ orbicularie (orma rubropulchra 
y., P. tf'ibilCoidee 
Z "~ caeeioprulno,a 

T' 

" 
II 

" 
17 

" 

"' .,, 
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contained~ mauccii . 

Echiniscus virginicus was found on both cedars and dogwoods, 

However, it was rare on cedars and comm on on dogwoods. !:: virgini­

~ was observed on the one liverwort, one moss, and nine lichen 

species. 

A single specimen of Itaguascon bartosi was found in each of 

two epiphyte samples from dogwood trees . It was absent from cedar 

trees , One liverwort, one moss, and four lichen species held 

l:_ bartosi. 

Macrobiotus hufelandii was common on both cedars and dog­

woods. It was contained in the single liverwort, seven moss, and 

twelve lichen species . 

Macrobiotus intermedius was rare on dogwoods and absent on 

cedars. This tardigradc was observed in six species of lichens . 

Macrobiotus tonollii was present in samples from both cedars 

a nd dogwoods . H o w e ve r, this species wa s not equally p r esent on both 

types of trees. It was fo w1d to be commo n on cedars and rare on 

dogwoods . !::'.!_. ~ollii was observed in the one liverwort, s ix moss , 

and ten lichen species . 

Milnesium tardi gradum was rare in sample s from dogwood 

trees and absent on cedars. It was found in one moss and one lichen 

sample. 

Pseudechiniscus sui llus was present in samples Crom both 
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phorophyte~. It was n o t t,qua lly abundant on cedars and dogwoods. 

£:.: suillu s was commrw o n cedar s and rare on dogwoods. The single 

live rwort, seven moss, a nd twelve lichen species contained this tardi-

grade, 

The fr e quencies for the one liverwort and nine moss species 

can be found in Figure 12, The lone liverwort, ~ inflata, was 

abundant on cedars and rare on dogwoods. The two predominant moss 

species on cedars were Clasmatodon parvulus a nd Leucodon brachypus 

var. andrewsianus. There we re only two species of mosses present 

on dogwoods. Homalotheceilla subcapillata and ~ obscura were 

each present in one sample from a dogwood tree. 

Frequency values for the 16 lichens can be seen in Figure 13. 

The two predominant liche n species on cedars were Anaptychia 

specios a and Candelaria concolor . Parmelia rudecta was by far the 

most frequent lichen species on dogwoods and was also common on 

cedars. 

Several differ e nces were noted between samples from cedar 

and dogwood trees (Tabl e V). The mean number of each of the three 

types of e p iphytcs per sam.ple was greater for cedars than dogwoods. 

Cedar trees had a mean value of 0, s·, live rwort per sample, while 

dogwo0cl trees had a mean value of 0. 20 liv e rwort pe r sample. The 

mean number of mogs es per sample was 2. 53 for cedars and 0. 13 for 

d ogwoods . Cedar trees had a mean value of 3. 06 species of lichens 

per sample while, the m ean value £or dogwoods was I , 7 3. 
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Figure 13, Frequency Values for Lichens Found on Cedars and Dogwoods from the Study Area, 
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Cedar• 

Dogwood, 

Table V 

Comparhon of Total and Mun Number of Epiphyte■ &.11. d Tard.ig r adee 
for Cedar • and Dogwood• from the Study Area, 

Tot.a.\ Tot.a.I Total 
Number Number of Number 

of Tardlgrade of 
Sample, Specie, Tarcligrade• 

15 

IS 

Z21 

198 

Mean M ea.,,. 
Meaa Number o! Specht Number oI Numbe r of 

Per Sample Tarcli1rade Ta r di1radee 
Specie• Pu 

Liverwort Mo•••• Lichen, Per Sample Sample 

0 . 87 

o.zo 

Z.Sl 3,06 

0.13 1.73 

1.9] 

Z,ll 

14 . 73 

13. ZO 
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Sp(•cic s divcr~ity of ta rdig radcs was also included in Tab l e v. 

The samples from dogwood trees contained a s lightly la r ge r numbe r of 

tardigrade species per sampl e (2 . 13) t ha n those on ceda r t r ees (1. 93) . 

A l arger total number of differen t tardig r ade species was obse r ved o n 

dogwood trees (8) than on cedars (5) . However , th e mean number o f 

ta r digrade s per sample was slight ly larger for cedars (1 4 . 73) tha n 

that of dogwoods (1 3. 20). The t ota l number of tardigrades o n c edar s 

was larger {22 1) than for dogwoods (1 98) . 

S ince every tardigrade fo u nd in each sampl e was moun t ed , 

the percentages of the tota l numbe r of ta r digrades represented by each 

species found on cedars and dogwoods are pr esented in Figure 14. 

Two species of ta r d igrades com p ri sed b y far the bu lk of the numbers 

of tardigrade s in this study. ~~made up 63% of lhe 

tota l n umbe r of ta r digrades fo und in epiphyte samples from ceda r 

t r ees . ~s virginicus composed 52% of t he tota l n u mbe r of 

t a r d i g r a d es from epi p hyte samples on dogwood t r ees. T hr ee specie s 

of tard i grad es , 1ta.9uascon ba rto s i , Macrobi o tu s in te r medius , and 

~ tardigradum , we r e ob se r ved o n ly on dogwoods , 

The numb e r o f ta rdi grades of each species per sampl e is 

s hown in Tab les VI and VII for cedar s and dogwoods res p ec tive l y . 

The largest samplP (7) with a to tal o f 82 tardigrades , was obtained 

from cedars. The r e ar c a l so two s a m ples (1 3 a nd 15 ) th a t cont a ine d 

n o tardigrades. A ll samples fr om d ogwood t rees con tained tardi -
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Tardi~ecies 

Echiniscus mauccii 

.§..:_ virginicus 

ltaquascon bartosi 

Macrobiotus hufelandii 

M. intermedius 

M.:~ 
Milnesiu.m tardigradu.m 

zo 

Ta.ble VI 

Numbers of Ta.rdigra.des/Sa.mple from Cedars 

Ceda.r 
Tardigrades /Sample 

10 11 IZ 13 14 15 

26 21 79 4 

Pseudechiniscus ~ _4 ___ ~ _______________ _:_ ____ ..:_ __ 

Totals 25 26 37 82 



Table Vil 

Numbers of Tardigrades/Sample from Dogwoods 

Doswood 
Tardigrades /Sample 

Tardigrade specie s _,l 2· 3 4 5 6 7 8 9 ro II 12 13 1·4 15 

Echiniscus ~ I I 3 2 18 4 I II 

.E: virginicus 32 25 14 8 2 9. 10 

ltaquascon bartosi I I 4 

Macrobiotus hu!elandii 2 2 6 2 4 

~~edius 

M.:~ 
Milnesiu.m ta;digradum 

Pseudechinisc~ ~ __ 1_3 

Totals 35 42 2 17 16 8 20 I 10 12 10 I I 4 19 
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grades (Table VII), Sample number 2 contained the lar gest number of 

tardigrades for the dogwoods. Three samples (8, 12, and 13) had only 

one tardigrade from each dogwood tree. 

Tables VIII and IX show the number of tardigrades of each 

species per dry weight of sample for cedars and dogwoods respectively. 

The values on Table VIII for cedars range from 77. 87 for sample 8 

which contained 82 tardigrades to O for samples 13 and 15 where no 

tardigrades were found. Samples from dogwood trees range from 

55. 04 for sample 2 which contained 42 specimens to 0, 85 for sample 

13 with one tardigrade. There appears to be no apparent relationship 

between the dry weight of the sample and the number of tardigrades 

of each species per sample. 

The area of the two sample plots (Figure 1) was foWld to be 

6,072.5 squa:c.e meters for plot A and 10,120.8 square meters for 

plot B. 



T a r dig r a.de 1pe cie1 
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ltaq U&•eon~ 

Macroblon11 ~ 
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~~ 

Table VllI 

Numbou o f TardigJ'adu / Dry Weight of Sample from Ce d.an 

Ceda r 
T a rdlarade• /Dry Welsht of Sample 

' 1 8 ' 10 11 
1 . ., I,. 11 

23 ,30 1.17 I I Z5.-u l1 s . ozl5 . 30 I I Ii, ,. I 
Zi. 53 

1.35 3, 51 11, 14 8. U ·" . 91 11.36 I 

◄ . 35 Z.65 6.36 Z.07 9.S4 

i, 13 14 15 

I I I 

I I Z.1 3 

~ U,rdlgra.dum 

Pmdochlnlm•~ 5,111 I 11.11 I 110,8911,9"1 I I 1 1 1 1 1 " . 91 7. ◄5 1. 0 7 

]S. 6-7 I ◄ .06 I Zl.3 0 I 5. 85 I 6 , 09 I ◄ 4 , 71 77, 87 T ou.h 7.95 8. 18 Z. 07 lZ, Z6 7. 45 0 J , zo I o 

g: 
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~ mauccii 

.E! Yirginicu , 

lta.9uuCOD ~ 

~ bWelandii 

~ ~ 
~ tonollil 

Table IX 

Numbeu o! Tardign.du/Dry Weight o! Sample from Dogwoods 

Dogwood ___ _ 
· Tu·digradee/Dry Weight of Sample 

6. 8 9 JO 11 

1.51 .88 2.96 1.69 "· .. I I ··" '7,33132.7'1 12.36 7,95 3. 34 / 9 . OS ,13. 26 
1.31 1.33 

2.62 1. 76 S.68 2.21 6. 68] 3.02 

I.J I 4.97 

" 13 J.I. JS 

10 .as 16,90 

4.44 

4.61 

7,68 
Milnuiu.m tard.ign.dum 2. 56 

~nhcu■ ■ uillus ---f-''"-'•:..e':e.'p'•"-"'-j----j!---!--t--+-- t-- t--- +---f- --f- + - -J....--
Total■ 29,89 55.04 3.02 15.00 15 , 90 7.57 ll.10 1.33 16;70 12.07 13.26 1.08 0,85 4,44 29.19 

1.08 

~ 



Chapter V 

DISCUSSION 

From the beg inning the bulk of the research done on tardigrades 

was conce rned with t h e ta x on omy o f the g r o up . The refore, many 

d e s c riptio ns an d li s t s of spe cie s have b een publishe d fr o m various 

parts of t he w o rld . Mor e r ecently, cryptobiosis and physiology 

b e came area s o f interes t to ta rdigradologis t s. Sin c e t he availability 

of scanning e l e ctron microscope s has inc reased, ultrastructure is 

presently one o f the major t opics of inv e s tigation . Little research 

has been conducte d o n the ecology and on the populations of tardigrades. 

Riggin (1962) s tated, "Al t hough several volwninous m onographs con­

ce rning the m have b e e n wr itten, the tardig rade s, as a group, are as 

y e t poorly kn o wn a nd s till await extensive tr eatment o f their embryol­

o g y, eco l ogy, a nd li fe c ycles, " 

In thi s s tudy a ll o f th e s amples w e r e take n during one month 

to eliminate any s e a sonal variation in the ta rdigrades that might 

occur , Measureme nt of the dry weight of the epiphyte sample in 

grams was found to be th e be s t means of quantifying samples. There 

was also n o a ppar e n t r e l a tionship betwe e n th e dry w e ight of the sample 

and the numb e r of s pe cies or individuals p e r sample. 
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All of the individuals were mounted since the numbers of 

specimens per sampl e w e re small when compared to other studies 

(Nelson, 1975 and Ramazzotti, 1972) where thousands of tardigrades 

per gram of dry sample weight were found. However, according to 

Ramazzotti (19 '(2) some s amples contained variable distributions o f 

tardigrades in the same clump of moss; very dense concentrations in 

one part and zero p opula tion in another . This might explain the one 

large sample with 82 tardig rades and the two samples with no tardi­

grades that came from cedar t rees . He also found that lichens sup­

ported extreme ly sparse populations of tardigrades. The epiphyte 

samples from dogwoods contained mainly lichens alone (12 of 15 

samples), while cedar samples were composed of mainly live rwort, 

mosses, and li c h ens (12 of 15 samples). The total number of tardi­

grades for dogwoods was 198 and cedars contained 221. 

The two major factors considered in this study we r e the 

epiphyte species and the phorophyte species . These factors, plus 

others not m easur e d in the present inv estigation but which undoubtedly 

have an influe nce on lhe distributions of tardigrades, are discussed 

below. 

No r e lationship existed between the epiphytc species and the 

species of tardigrades found in the epiphytes. Generally, the more 

frequent tardigradc species inhabited a greater number of diffe r ent 

epiphytes. lf a tardigradc was rare, the n it usually was found in a 
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small number of epiphyte samples. 

There was a significant difference between phorophytes with 

respect to the frequency of one tardigrade species. Echiniscus 

virginicus was significantly present on dogwood trees. This could be 

a result of the small nwnber of samples and the similarities between 

the two sample plots. 

Moisture is by far the most important limiting factor concern­

ing the distribution of tardig rades (Pennak, 1953), If water is not 

present, then the tardigrades will e i ther die or enter the cryptobi otic 

state , Various c lassifications of mosses based on moisture conditions 

have been published. Ramazzotti (1972) divides mosses into the three 

following groups: aquatic (wet or submerged); damp (humid); and dry. 

The mosses from the present study could be placed in one of two 

groups, e ither in the damp (humid) group or in the dry group. The 

samples from the thickly wooded interior of the sample areas would 

fall into the damp group be cause little dir ec t sunlight reached them. 

Those sample s take n fr o m the edges of the plots (Figure l) that 

paralle led th e pow e rlinc right o( way (sample area A) and th e field 

(sample area B) would b e considered dry be cause they were exposed 

t o direct sunlight during the morning h ours. 

The following eight species were observed in the present study: 

~ rnaucdi, ~ virginicus , ltaquascon bartosi, Ma.crobiotus 

~ ~- interm edius, ~ tonollii, Milncsium tardigradum, and 
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Pseuchiniscus suillus. The identification ofl:.,_ bartosi was question­

able. It was confirmed by an external reviewer, but there were only 

two specimens and the slides made observations of distinguishing 

characteristics difficult. However, if the identification 1s correct 

then this is the first time l:_ bartosi has been identified in the United 

States, 

Undoubtedly moisture content of the epiphytes is affec ted by 

nwnerous other factors such as precipitation, relative hwnidity, evap-

oration, wind, temperature, and solar radiation, No measurements 

of these paramete rs were taken in the present study, However, it is 

reasonable to assume that since these factors affect moisture they 

could also have some effect on the distribution of tardigrades, 

Tardigradcs arc also very sensitive to low oxygen concentrations 

in the water surr ounding them. Little is known about the minimal 

ox.ygen requirements for tardigrades, but they cannot exist in the 

low oxygen tensions that some small aquatic metazoans can (Pennak, 

1953). Two factors affecting oxygen concentrations in epiphytes are 

wind and photosynthesis. Wind movem e nts facilitate gaseous exchange 

and affect evaporation o( moisture from the epiphytes, while photo­

synthesis, in the e piphyte samples, would have an effect on the amount 

of oxygen present in the film of water around the tardigrades, 

Two other limiting factors affecting the distribution of tardi-

grades are species associations and eating habits. Since most tardi-
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grades feed on the cell s ap of the epiphytes they inhabit, their food is 

generally available in abundance {Pennak, 1953). Tardigrades are 

often foW1d in association with other organisms which may either have 

a predatory or a prey relationship with them (Nelson, 1975) . Nematodes, 

predaceous tardigrades, and parasites such as fungi have predatory 

relationships with tardigrades (Nelson, 1975 and Pennak, 1953). 

Milnesium tardigradum has been known to prey on nematodes, rotifers, 

and other tardigrade s (Pennak, 1953). Some species of tardigrades 

feed on algae , bacteria, and fungi. In these cases sufficient quantities 

of the preferred food may predetermine the occurrence of a species 

depending upon the requirements of tardigrade. 

A vast amount of research is yet to be done in the area of 

tardigrade ecology. Tardigrades can survive when moisture, oxygen, 

food, and other undetermined £actors are present in sufficient quantities , 

but different species undoubtedly have unique tolerances and require­

ments £or a variety o f environmental limiting £actors which remain 

to be delineated. 



Chapter VI 

SUMMARY 

This study was undertaken because of the paucity of literature 

from Tennessee , and because of the general lack of ecol ogical studies 

of tardigrades . The objectives of the study were to determine the 

species of tardigrades present on the study areas, their distr ibutions, 

certain population parameters, and environmental -limiting factors 

influencing their distributions. 

Epiphyte samples were collected from the bark of Juniperus 

virginiana (cedar) and Cornus florida (dogwood) trees, from north~ 

fac i ng s l opebC at an elevation o( 168 meters, to compare the tardigrades 

found on the two phorophyte species. The epiphyte samples were 

brought to the laboratory, and all of the tardigrades found were 

mounted on slides . A tota l number o{ 419 individuals were identified. 

From the present investigation the following eight species of 

tardigrades were observed: Echiniscus mauccii , ~ virginicus , 

Itaguascon bartosi, Macrobiotus hufelandii, !'.!,_. intermedius, ~ tonollii , 

Milnesium tardigradum, and Pseudechiniscus suillus . The identification 

of I. bartosi was confirm~d but remains questionab l e due to the small 

number of specimt.:ns and the qua li ty of the slides containing them. 
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The Chi-Squa re a nd Fisher tests were utilized to determine 

the significant differences at the 0. 05 l eve l between phorophytes with 

respect to the presence or absence of a pa r ticular tardigrade or 

epiphyte species and epiphyte combinations . Echiniscus virginicus 

was the only species of tardigrade that was significantly predominant 

on either phorophyte , It was found mainly on dogwood trees. Of the 

twenty-six spe cies of epiphytes , the presence of the liverwort , 

~ inflata , was significant on cedars; two mosses , Clasmatodon 

parvulus and Leucodon brachypus var. andrewsianus, were predomi­

nantly present on cedars; three lichens , Cande laria concolor, Crocynia 

membranaceae, and Physcia tribacoides, were significantly present on 

cedars and one l ichen, Parmelia rudecta, was predominant on dogwoods 

Two epi phyte combinations were significantly different . The liverwor t, 

moss , lichen combination was predominant on cedars, while lichens 

alone predominated on dogwoods. No re lationship between epiphyte 

species. and tardigrade specie s was noted. The more abundant tardi ­

grades were present on a gr eater variety of epiphytes . Rare tardi­

grades were found o n few e r e piphytes. Frequency values were deter­

mined for the e ig ht ta rdig rade and 26 epiphyte species. Each species 

was discuss e d with respect t o its frequency on the I'espe ctive phoro­

phytc and e piphytcs , 

The diversity o f the three types o( epiphytes (li v e rworts, 

mosses , and lichens) was greater on cedar trees. The species 
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diversity of tardigradcs was greater on dogwoods even though the 

mean nwnber of tardigrades per sample and the total number of tardi ­

grades was slightly greater on cedar trees. 

Ecological limiting factors such as sufficient quantities of 

moisture, oxygen, and food are known to be prerequisites for the 

occurrence of tardigrades . However, the tolerances and requirements 

for numerous other limiting factors remain to be delineated for each 

tardigrade species. 
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