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External egg m orphology o f  ten species o f  Low er Rio Grande V a lley  ( LR G V ) mayflies 

are compared using scanning electron m icroscopy (S E M ) and a taxonom ic key to the 

eggs is provided. The eggs o f  five  species are described here for the first time. Preserved 

female adults o r subadults were critica l-po in t dried using liqu id  CO ;. The eggs w ere 

remov ed and placed on metal stubs for sputter coating w ith  gold pallad ium . The coated 

eggs w ere then observ ed and photographed by SEM . The m orphological features 

described were the chorion ic sculpturing, polar caps, accessory attachment structures, and 

mieropyles. This is the first mav llv egg comparison and key to the genera o f  m ayfly  eggs 

from the LR G V.
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IN T R O D U C T IO N *

M ayflies  (Ephemeroptera) live  in all freshwater, including  rivers, lakes, 

permanent and temporary ponds, canals and ditches. They are im portant components o f  

freshw ater ecosystems and are used extensively in m onitoring  w ater qua lity  and 

environm ental degradation (M cC affe rty  19S3). L ife  span varies from a month to a year 

(Edmunds. Jensen &  Berner 1976) and except for a day. this is spent underwater as 

nymphs or larvae (Leahy 1987). Larvae are known from all functional feeding groups 

(M e rr itt &  Cum m ins 1996) hut are p rim a rily  scrapers, gatherers, and filterers. Larval 

instar number varies between and w ith in  species. Baciis species are know n to have up to 

43 instars (Edmunds. Jensen &  Berner 1976). The subimago or subadult stage emerges 

from  the w ater: this stage is unique to m ayflies and is an ancestral characteristic o f  the 

early lineages o f  insects ( Edmunds. Jensen &  Berner 1976). Most species w i l l  m o lt from 

the subadult to the adult stage w ith in  a day. There are a few species in which the females 

do not m olt to the adult stage, but lay eggs as subadults ( Edmunds. Jensen &. Berner 

1976). A ll m ay fly  adults and subadults have atrophied moulhparts and do not feed.

Males form aerial sw arms and m ating is aerial. O v ipos ition  occurs on the water surface 

and by aerial release close to the surface (M cC a ffe rty  1983). O v ipos ition  may be o f  a 

single mass o f  eggs. O viposition  strategies are h ig h ly  im portant to m ayfly  reproductiv e 

success (B u tle r 19S4). Swarm ing, m ating, and ov iposition all occur w ith in  a few hours. 

Death soon fo llow s (B . Henry, personal com m unication 2003).

* F orm at fo llo w s  the Entom ological News.

1
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M a y fly  taxonom y is based on m orpholog ica l characters from all life  stages. This 

includes the egg stage, but the eggs o f  on ly  a tew species are know n. Elaborate 

chorion ic structures and patterns are species specific  and important in m ayfly  

phylogenetic studies and classification (M a / / in i and Gaino IGS5). C horion ic egg data 

has been used to confirm  the existence o f  a new species Ac cn irc lla  almhodcs o f  the 

fam ily  Baetidae. found in Spain ( A lba-Terecedor &  A lm a i 1999). and oC R hiihro^cna  

"riscJunui ( Heptageniidae) found in eastern Switzerland (Sartori and Oswald 1GSS).

Bengtsson (1913). M organ (1G13) and Degrange (I9 6 0 ) provided the first useful 

in form ation  o f  m ayfly  eggs using compound microscopes. Koss (1968) and koss 

Edmunds ( 1974) egg descriptions were made using a phase contrast ligh t microscope. 

They provided descriptions o f  m ayfly  egg m orphology for the eggs o f  most m av llv  

fam ilies and many species. The term ino logy used by Koss &  Edmunds (1974) to identify  

the m orphologica l traits was used here. The m orphological tra ils include the egg's 

chorion ic sculpturing, polar caps, accessory attachment structures, and m icropyles. Egg 

polar caps and accessory attachment structures both function as substrate attatchment 

devices and pres ent excessive d rift.

Scanning electron m icroscopy (S E M ) has been used in egg m orphology and 

studies beginning in 19S2 (M a l/acher 19S2). Since then, other studies have identified 

eggs from all over the w orld  using SEM (M a l/a ch e r 19S2. M a /z in i &  Gaino 19S5. 

Studdemann et al. 1995. and Gaino and Rebora 2001).

Polar Caps. Attachm ent structures that are located at either pole o f  the egg are 

called polar caps. Degrange (1960) p reviously referred to the polar caps as epithemata 

(s ingular epithema). and classified them into fou r groups. Koss (1968) further m od ified
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these groups and established five categories, types I-V . Type I is a non-co iled cap 

formed by short compacted threads. Type II is made up o f  short, non-coiled, compacted 

threads arranged in several units. Type III  is a co iled  cap made up o f  m u ltip le  threads 

that co il together about the pole. Type IV  polar caps are composed o f  1-3 single threads 

coiled independently at the pole. The type V po lar cap is made up o f  knob-term inated 

coiled threads (KCTs).

Accessory attachment structures. The attachment structures under this category 

are those that are located la terally on the egg. o r that do not conform  to the description o f  

polar caps. Accessory attachment structures include knob-term inated co iled threads 

(K C T s) which are made up o f  co iled threads w ith  a centra lly located knob. O ther smaller 

attachment structures are tubercles, peg-like  structures and. sucker-like  disks. 

A dd itio n a lly , the presence o f  an adhesive layer covering the chorion aids the attachment 

structures or may occur instead o f  accessory attachment structures. The adhesive layer 

has been characterized here as thin and molded when some o f  the chorion ic  structures 

could be distinguished beneath; otherw ise, it was described as th ick. W ith  the exception 

o\' C a llihae tis  eggs, most o f  the specimens studied here have adhesive lay ers.

Micropyles. These structures allow the sperm to enter the egg. and are 

characterized by a m icropy la r canal, m icropy la r opening and in some eggs a sperm guide 

(Koss 196S). A  sperm guide is a depression in the chorion that helps channel the sperm 

towards the m icropy la r canal. Degrange (1960) and Koss &  Edmunds (1974) separated 

the m icropyles into three categories: tagenoform . funnel form . linear. Southwood (1956) 

described a fourth category know n as a m icropy la r process. These studies categorized 

m icropyles based on the position o f  the m icropy la r canal. However, because the SEM  is
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4

lim ited  to observation o f  external m orphology, some o f  the internal m icropylar canals 

could not be seen. Therefore, te rm ino logy w il l be based on either the position o f  the 

m icropy la r opening or the v is ib le  m icropy la r canals. A tagenoform  m icropyle ( from the 

Greek. W ord h igc iu jii meaning fry ing  pan) is one in w h ich  the m icropy la r opening is 

located to one side o f  an oval sperm guide. A  funnel form  m icropy le  has the m icropylar 

opening located at the center o f  the sperm guide, or i f  a sperm guide is lacking, the 

m icropy la r opening is re la tive ly  parallel to the chorion. A  linear m icropyle either fo llows 

an elongate sperm guide or. when a sperm guide is m issing, the m icropylar opening is 

approxim ately perpendicular to the chorion. A  m icropy la r process is characterized by 

lack o f  sperm guide w ith  the m icropy la r canal pro trud ing  from  the chorion through a 

chorion ic projection.

Most o f  the eggs o f  the Low er Rio Grande V a lley ( LR G V ) m a v llv  species are 

unknown. SEM micrographs w il l allow iden tifica tion  o f  chorion ic structures and 

patterns, and provide additional egg data fo r several m ayfly  species.
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M A T E R IA L S  A N D  M E TH O D S

M a y fly  adults and subadults studied were collected from various sites in the 

Low er Rio Grande V a lley (L R G V ) and placed in vials conta in ing 70-90%  ethanol. Table 

1 lists the LR G V species as identified  by Dr. Brad C. H enry (L n iv e rs ity  o f  Texas-Pan 

American in Edinburg. Texas.

Females o f  each species were isolated in separate via ls conta in ing  95°o ethanol. 

These females w ere further dehydrated in a series o f  ethanol so lutions o f  increasing 

concentrations (95"<> and 100%). Each ethanol concentration was replaced three times at 

20 m inute intervals. Fo llow ing  dehydration, eggs were cn tica l-p o in t dried w ith  a 

SA.MDR1 7S0B c ritica l-po in t dryer using liqu id  CO;. The female abdomen was then 

dissected w ith a clean ra /o r blade and eggs were dusted onto numbered stubs containing 

carbon adhesive. Eggs were then sputter coaled w ith  go ld -pa llad ium  using a Denton 

Vacuum Sputter Etch coating unit (Appendix A). The coated eggs were viewed and 

photographed using a LEO VP 435 scanning electron microscope. A d jus ting  the image 

to its m axim um  resolution was required for image analysis. C horion ic  structures w ere 

observed and differences between genera and species noted.

The images o f  the eggs w il l  be stored in a CD for future use in the aquatic 

entom ology lab. and the stubs w ith  d ry  specimens w il l be kept in a d ry  chamber at the 

electron m icroscopy lab located in the L 'n ivers ity  o f  Texas-Pan Am erican in Edinburg.

5
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Table 1. C lassification o f  m avflies known in the Low er R io Grande V a liev .*

6

Family
Baetidae

C'aenidae
Ephemeridae
Fleptageniidae
Leptophlebiidae

Polymitarcvidae
Leptohyphidae

"Spec im ens tor l ist p ro v id e d  b> D r  B i le n rv  

* *  Spceies not k n o w n  to occu r  m the l . R i j \

Species
Fa llceon q u ille r i 
C allihae tis  niontanus 
Cam clobaetidus nicxicanus  
Cacnis sp.
Hexagenia lim bata  
Stenonema fem oratum  
Thraulodes gonzalesi 
Leptophleb ia h rad ley i  *  *

Camps un is  decolorants  
Trichorythodes sp.
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RESULTS &  D ISC U SSIO N

Baetidae Leach. 1815

The baetids are known as the small m innow m ayflies because o f  the ir small 

streamlined bodies as nymphs. They inhabit both lentie and lo tic waters and can live at 

extrem ely high altitudes (M cC affe rty  19S3). As the largest fam ily  over 150 species in 23 

genera are known in North America. A lthough a relatix e l\ w idespread fam ily , only four 

genera are known in the LR G V. The eggs o f  on ly  a few o f  these ha\e  been studied.

Fa llceon  q u ille r i (Dodds). 1923. Eggs are o \o id  and elongate w ith  a thick 

adhesive layer molded to their chorion (Fig. 1 ). In areas where this layer was removed a 

tuberculate netlike chorion could be seen (Fig. 2). Each tubercle appeared to be 

surrounded by tin y  libers interconnected form ing a small c ircu la r net w ith  a centrally 

located tubercle. This arrangement forms the raised ridges o f  that g n e  the egg a g o lfb a ll 

appearance. There are no polar caps present. O nly one tagenofonn m icropyle  could be 

seen w ith  a small sperm guide (Fig. 3).

Previous studies on the eggs o f  Fallceon lo n ^ ifo liu s  by K luge (1992) identified a 

porous chorion ic sculpturing s im ila r to that found in Fallc eon t/ it i l lc n .  However, 

chorion ic scu lp turing o f  FuZ/cvo/r q u ille r i is detlned as netlike (not porous) according to 

the term ino logy defined by Koss &  Edmunds (1974). Studies o f  Baetis bicaiulatus  and 

Baetis sp. by Koss &  Edmunds (1974) revealed this netlike  mesh, but instead o f  tubercles

7
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s

found in Fallceon q u ille r i they found centra lly  located coiled threads. This is the first 

report o i'F a llce o n  q u ille r i cue m orphology.

Specimens examined. TX : H idalgo C ounty (1989); 1 female imago.

Figure 1. Fallceon q u ille ri. General aspect w ith  net-like  pattern under an adhesive 
layer. Bar represents 3urn.
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Figure 2. Fallceon q u ille ri. N et-like  chorion ic pattern w ith  central tubercles 
(arrow s) beneath the adhesive laver. Bar represents 1 um.

Figure 3. Fallceon q u ille r i. Tagenoform m icropy le  (M ) w ith  small s lig h tly  
oval sperm guide (SG). Bar represents 1 um.
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Callibaetis niontanus Eaton, 1885. The chorion m orphology o f  these eggs could 

not be iden tified  because all o f  the eggs were in an advanced developmental stage (Fig. 

4.5). O n ly  a loose layer could be seen surrounding the fertilized egg (Fig. 4). It is not 

know n whether this layer is an adhesive layer or the chorion itself. This genus is one o f  

the few that are known to be ovoviviparous. No other studies have been done to study 

the chorion o f  this species.

C allibae tis  niontanus Eaton p rim a rily  inhabit lentic environments, and as such it 

was not expected that the egg chorion w ou ld  hav e much sculpturing. They are one o f  tw o 

species o f  pond m ayflies in the LR G V (B . Henry, personal com m unication 2003). They 

are know n to inhabit a w ide area extending from A rizona  to Nicaragua (Lugo-O rtiz  &  

M cC a ffe rty  1906). One reason for the ir w ide d is tribu tion  is the long female lifespan o f  

approxim ate ly two weeks (B. Henry, personal com m unication 2003).

Specimens examined. T X : H idalgo C ounty (1990); 2 female imagos.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 5. C ullihae tis  montanus. General aspect o f  almost fu lly  developed 
larv ae. Bar represents 10 pm.
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12

Cam elobaetid ius n texicanus  (Traver &  Edmunds), 1968. These eggs have a 

rectangular shape w ith  a thin layer around the chorion. A lthought the properties o f  this 

layer are unknown, it appears to have many sucker-like  disks arranged at random. 

Removal o f  this layer reveals a peg-like  chorion  (F ig. 6). The pegs are formed by KCTs 

arranged in rows around the egg (F ig. 7). Each row  is separated by th in  libers along the 

circum ference. The spaces between KCTs are w rink led  g iv ing  the egg a fibrous 

appearance. No polar caps were seen. The eggs have one tagenoform m icropyle  w ith  a 

w e ll-de llned  sperm guide. This is the first report o f  egg m orphology for a species o f  

C am clohaciid iits  genus.

Specimens examined. T X : H idalgo C ounty ( 19S7 &  2001); 2 female imagos.

Figure 6. Cam elohaetidius ntexicanus. General aspect o f  the egg w ith  
KC Ts (arrows). Bar represents 10 pm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 7. Camelohaetidius nicxicanus. Tagenoform  m icropyle  (arrow ) 
w ith  a small w e ll defined sperm guide (SG) and KCTs (K ). Bar represents 
1 jam.

Caenidae Newman, 1853

Larvae o f  this fam ily  consists o f  the small square-gills m ayflies w ith  operculate 

g ills  that protect underlying filamentous g ills  from  bottom s ilt and debris. They live  in 

various w aters w ith  s ilt bottoms, o r dense filam entous plants ( M cC a ffe rtv  19S3). Four 

genera w ith  26 species are know n from North  Am erica. O n ly  one species is know n in the 

LR G V .

Caenis Stephens, 1835. The ovo id  eggs have a thin s lig h tly  w rink led  adhesive 

layer covering  them (tlg.S). There is no chorion ic sculpturing o r accessory attachment 

structures beneath this layer. The eggs have one Type III polar cap w ith  various size 

knobs at each pole (Fig. S.9). The knobbed fibers seem to attach to any surface they 

come into contact w ith inc lud ing  each other (F ig . 10). One tagenoform  m icropy le  could

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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be seen w ith  a large w ell-de fined spenn guide (F ig . 11). The m icropy la r canal can be 

seen through the extenor o f  the egg.

Smith (1435). Degrange (1460). and Koss ( 146S) studied various Cuenis eggs. 

T he ir observations identified the polar caps form ed by various coiled threads w ith  

term ina l knobs. A lthough previously stated by Koss and Edmunds (1474) that the 

m icropy le  had no sperm guide. M a l/acher ( 14S3) corrected this m isconception w ith  his 

m icrographs o f  European caenids. The adhesiv e layer surrounding the chorion was not 

identified  until Malzaeher's (1483) study o f  the European caenids. His was the first 

pub lica tion  w ith  m ayfly  egg micrographs. Through comparison, how ever, it is clear that 

the Cacnis species studied here is not one o f  the species in the M a l/ache r article. 

Specimens examined. T .\ :  H idalgo C ounty ( 14S7); 2 female images.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure S. Cucnis sp. General aspect o f  the egg show ing 2 polar caps (P). a 
m icropyle  (M  ). and slight w rin k lin g  o f  the adhesive layer (arrow). Fibers on 
the chorion are from its polar caps and from the po lar caps o f  neighboring eggs. 
Bar represents lOum.

Figure 9. Cacnis sp. Polar cap show ing the fibers (F) co iled  about the pole 
w ith  \a rious sized knobs (arrows). Bar represents 2pm .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 10. Cacnis sp. Polar cap fiber w ith  knob attached to nearby egg. 
Bar represents 3 um.

Figure 11. Cacnis sp. M ic rop y le  show ing its large ovo id  sperm guide (SG) 
and its conspicuous m ic ropy la r canal (M C ). Bar represents 2um .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Ephemeridae Latreille. 1810

The common burrow ers. as they are known, are a widespread fam ily. Their 

habitat consists o f  waters w ith  s ilt, s ilt-m arl. o r silt-sand fo r burrow ing  (M cC afferty  

19S3). O n ly  16 species from 4 genera are reported in N orth  Am erica. One species 

occurs in the LR G Y.

Hexagenia limbata (Serville). 1829. These eggs are oblong and re la tive ly large. 

They have net-like chorion ic sculpturing formed by re ticu lation. This reticulation is 

caused by raised ridges g iv ing  the egg a honeycomb appearance. The raised ridges are 

not straight but are sinuous. The entire egg is coated w ith  a th in, inconspicuous adhesive 

layer that is molded to the chorion (Fig. 13). There are no polar caps or accessory 

attachment structures. They have 1-2 linear m icropyles w ith  elongate sperm guides and 

obvious m icropyla r canals. Sperm guides seem to be larger closest to the m icropylar 

canal, and tapers o f f  at the end. The tapered end forms a furrow in the m iddle o f  a raised 

ridge o f  the reticulation (Fig. 12).

Sm ith (1935) and Koss (1968) have described the egg m orphology o f  Hexagenia 

lim ha ia  (Serville) 1S29. and II. r ig ida  M cDunnough. Both agree that the raised ridges o f  

the polygons are s lig h tly  sinuous in II. lim bata  (Serville). [ have observed that some 

eggs have one m icropyle  w ith variable location, w h ile  some have two m icropyles one 

located close to one o f  the poles and the other is located around the equator o f  the egg.

Specimens examined.— T X : College Station (1983): 1 female imago.
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Figure 12. Hexagenia lim hata. General aspect show ing two partial m icropyles 
w ith  elongate sperm guide (arrows) and obvious m ic ropy la r canal (M C ). Bar 
represents 1U urn.

Figure 13. Hexagenia lim hata  m icropyle  show ing the elongate sperm guide 
that looks like  it was cut in to the egg intersecting the chorion (C) and the 
adhesive layer (arrows). Bar represents 3 urn.
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Heptageniidae Needham. 1901

This fam ily  is made up o f  the flatheaded m ayflies because o f  the ir flattened 

bodies as larvae. They live in lo tic habitats as w e ll as shallow litto ra l areas o f  lakes. 

Larvae can be found under stones or among detritus (M cC a ffe rty  1983). The fam ily  

consists o f  132 species in 14 genera in North Am erica. O n ly  one o f  these is known to 

occur in the LR G Y.

Stenonema femoratunt (Say). 1823. These somewhat round eggs are tuberculate 

due to the fibrous adhesive layer covered by tubercles (Fig. 14). The shape o f  the egg 

itse lf is not com plete ly round because o f  the raised dome at one o f  the poles (F ig. 15) . 

This can be d if f ic u lt  to see w ith  the adhesi\e  layer covering the chorion. The on ly  

accessory attachment structures seen were tubercles that look like  buttons that are in fact 

a part o f  the adhesive layer ( Fig. IS). They appear to extend s lig h tly  when they come 

into contact w ith  a substrate o r another egg. The function o f  such structures could be to 

hold the eggs together in a mass when they are laid. No polar caps could be seen. A  

structure that looks like  polar cap could be seen, but is actua lly a continuation o f  the 

fibrous adhesive layer, w hich is easier to remove at this section because o f  the 

indentation caused by the dome. The eggs have 2-3 linear m icropyles w ith  elongate 

sperm guides (Fig. 16. 1 7). Folds in the adhesive layer form  the sperm guides, and as a 

result they appear "hooded”  (Fig. 16).

Koss ( 196S) correctly identified  the linear m icropyle  o f  Stenonema fenioratum  

(Say) and identified  the structure know n as the "hood”  w h ich  is formed by the fo ld ing  o f  

the fibrous adhesive layer and encloses the entry to the m ic ropy la r canal beneath.

How ever, he believed that this fo ld ing  caused an absence o f  adhesive m ateria l at the
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distal portion o f  the sperm guide. Upon closer observation, it is now know n that the 

adhesive layer is th ick enough to cover the entire sperm guide, and its fibrous nature 

leads to the form ation o f  channels on the sperm guide that m ight aid the sperm. The 

adhesive layer o f  the S. /cm onam  eggs has never been described as fibrous, but as 

gelatinous ( Koss 19(iS).

Specimens examined. T X : H idalgo County (1990); 2 female imagos &  Starr 

C ounty (1994); 1 female imago.

Figure 14. Sienonema fcnioratum . General aspect o f  egg w ith  tubercles (arrows) 
that have been altered by the c ritica l-po in t d ry ing  procedure. Bar represents 
10 pm.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 15. Stcnoncma fcm oratum . Eggs w ith  fibrous adhesive layer partia lly  
removed. A rrow  indicates the indentation formed by the dome at the pole. 
Bar represents 10 um.

-igure  16. Stenoncma fem oratum . Sperm guides (S) on the adhesive 
layer formed by elongate folds. Note the channels (arrows) formed by the 
fo ld ing . Bar represents 3pm.
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Figure 17. Stcnoncma fem oratum . M ic rop y le  (arrow ) opening under the fibrous 
adhesi\e  laser. Bar represents 2 pm.

F igure IS. Stcnoncma fem oratum . Unaltered tubercles (T ) on the adhesive 
layer. Bar represents 1 pm.
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Leptophlebiidae Banks, 1900

These m ayflies are com m only know n as the p rongg ills  due to the forked g ills  at 

segments 2-6 on the larvae (M cC a ffe rty  19S3). They are a widespread fam ily  w ith  the 

m axim um  d ive rs ity  on the Southern Hemisphere. In North Am erica, there are S6 species 

in 10 genera classified. O n ly  tw o species are know n in the LR.GV o f  w h ich  on ly  one is 

described here.

Thraulodcs gonza lcs i Traver &  Edmunds, 1967. These eggs are ovoid and 

have a peg-like scu lp turing o f  the chorion. They have an adhesive layer surrounding the 

chorion. The accessory attachment structures are KCTs arranged in rows surrounded by 

peg-like structures (Fig. 19. 20). When wet the adhesive layer looks w eb-like  and the 

knobs o f  the KCTs appear fibrous (F ig. 21). They ha\e no polar caps. O n ly  one 

m icropy la r process could be seen pro trud ing from the egg chorion w ithou t a sperm guide 

(F ig . 22).

Koss (1968) and Koss and Edmunds (1974) identified the chorion ic m orphology 

o f  Thraulodcs spcciosus Traver, Thraulodcs hrunncus Koss. and Thraulodcs sp. Both 

agree that the m icropyle  is funnel form thoughout the genus based on the position o f  the 

m icropy la r canal. However. T. gonzalcsi does not have a funnel form  m icropyle . but a 

protrud ing one o r a m icropy la r process. One or more m icropyles have been described 

from  the previously mentioned species. These occur equatoria lly  around the egg, 

whereas the T. gonzalcsi m icropy le  is located at one o f  the poles. Th is is the first 

description o f  Thraulodcs gonzalcsi eggs.

Specimens examined.— T X : H ida lgo County; 1 female imago.
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Figure 14. Tlirauhx/cs gonzalcsi. Peg-like chorion o f  the egg w ith  K C T s (K ) 
surrounded by other peg-like structures (arrows). The bar represents 2 urn.

Figure 20. Thraulodcs gonzalesi. K C T  (K ) surrounded by the adhesive layer. 
Note the w rin k lin g  o f  the adhesive layer at the centered knob (arrow ). The bar 
represents 1 um.
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Figure 2 1. Thraulodcs gonzalcsi. Chorion w ith  w eb-like  adhesive layer. 
Activated K.CT (K ) w ith  Fibrous knob and stalk. The bar represents 2 inn.

Figure 22. Thraulodcs gonzalcsi. P rotruding m icropy le  (arrow ). The bar 
represents 1 um.
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Leptophlebia bradleyi Needham, 1932. Eggs are oval shaped and have a net-like  

chorion covered w ith  an adhesive layer (F ig. 23). Beneath the adhesive layer are a 

varie ty o f  peg-like  structures arranged very close together fo rm ing  the raised ridge 

re ticu lation o f  the net. They have no polar caps, and they have a unique funnel form 

m icropyle  w ith  suprachorionic flaps on either side o f  the sperm guide (Fig.24).

The reticu lations o f  the chorion and the peg-like  pro jections hav e been previously 

identified  (Koss 196S) for Leptophlebia sp.. however the structure o f  the sperm guide is 

not described as flapped. This is the first observation o f  the egg chorion o f  Leptophlebia  

brad leyi. and it is not known to occur in the LR G Y .

Specimens examined.— T X : Culberson C ounty ( 19S6); 1 female imago.

Figure 23. Leptophlebia brad leyi. General aspect o f  egg show ing the net-like  
re ticu lation formed by the v arious peg-like projections. Bar represents lOum .
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Figure 24. Leptophlebia bradleyi. Funnelform  m icropyle  (M ) w ith  tlapped 
sperm guide (arrows). Bar represents 2 pm.

Polvmitarcyidae Banks.1900

The pale burrowers are identified  by their ligh t co loring. They live  in s ilt, s ilt- 

gravel o r c lay bottom s as w e ll as banks o f  waters (M cC affe rty  1983). They are 

widespread even though the fam ily  is made up o f  on ly  S species in 4 genera . O n ly  one 

o f  those occurs in  the LR.CA'.

Cam psurus decolorants  (Hagen). 1861. These eggs have a unique C-shape w ith  

one concave side. A  th in  adhesive layer surrounds the ir chorion. This layer is s ligh tly  

rugose covering a punctate chorion (Fig. 25). The eggs have one Type I I I  polar cap (Fig. 

26) and. no other attachment structures. O n ly  one funnelform  m icropyle  could be seen 

w ith  an inconspicuous, punctate sperm guide (F ig. 27). The sperm guide appears as ju s t a
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sligh t depression o f  the chorion. It w as d if f ic u lt  to see this m icropyle  because o f  its 

punctate chorion.

Previous observations o f  this species by Koss &  Edmunds (1974) revealed some 

eggs w ith  and w ithou t punctate sculpturing. This study has found that the chorion breaks 

apart easily revealing a smooth surface underneath. This could be the cause o f  the 

variation in the previous report (Koss &  Edmunds 1974).

Specimens examined. T X : H idalgo C ounty (19S7): 1 female imago &  L ive  Oak 

C ounty (2002): 1 female imago.

Figure 25. Canipsunis decolorants. General aspect o f  the egg show ing the 
punctate scu lp turing  (P) beneath the rugose adhesive layer (arrows), and the 
Type III polar cap ( PC). The bar represents 10 pm.
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Figure 26. Canipsunis decolorants  underside o f  polar cap show ing the many 
coiled libers that make up the threads o f  the polar cap. The bar represents 3pm.

Figure 27. Canipsunis deco/oratus. Funnelform  m icropyle  (arrow ) w ith  an 
inconspicuous, punctate sperm guide!SG ). The bar represents 1 pm.
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Leptohyphidae (Landa &  Soldan), 1985

The\ are com m only know n as the litt le  stout crawlers because o f  their stout 

thorax in relation to their abdomen. They live  among vegetation, detritus, o r s ilty  and 

gravely bottoms (M cC affe rty  19S3). A lthough widespread, on ly  39 species in S genera 

occur in North America. O n ly  two o f  these species is known in the LR G Y . but on ly  one 

species w ith  females has been collected.

Tricorythodes Ulmer, 1920. These eggs are ovoid w ith  net-like  sculpturing made 

up o f  polygonal plates w ith  raised ridges (fig .2S). The attachment sites o f  these plates 

form furrows, and at some sections the plates appear to overlap (tig . 2S). They have a 

Type 11 polar cap (tig . 29). and attachment fibers that seem to orig inate from  the furrows 

between plates or from the sperm guide o f  the m icropyle  (fig . 2S. 30). A  thin adhesive 

layer can be seen molded to the chorion o f  the egg. There is 1-2 tagenoform m icropyles 

w ith  large sperm guides (fig . 30).

Morgan (1913). Sm ith (1935). and Koss (1968) have studied Tricorx thmlcs 

a llcctus  egg m orphology. A dd itio n a lly . Koss ( 196S) studied T. cxplicatus. T. m iiutius  ( T. 

fa  I lax  syn.). and T. srygiatus. and found no difference between species. Previously 

believed to overlap com plete ly (M organ 1913 &  Koss 1968). it can now be seen that the 

plates do not overlap exclusively. Some plates are flush against each other w h ile  some 

appear to overlap. Reticulation, however, does occur (Sm ith 1935) caused by raised 

ridges on the ind iv idua l plates. It m igh t be that the raised ridges house the fibers that 

seem to emerge from the furrows between the plates. Koss (1974) identified  the polar 

cap as Type I. but it is now obvious that it is in fact a Type II polar cap because o f  the
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arrangement o f  the fibers in to d istinct groups (fig . 29). Some eggs have been found to 

have two m icropyles as opposed to just one (Koss &  Edmunds 1974).

Specimens examined.— TX: Hidalgo C ounty ( 19S7. 19S9 &  1993): 3 female 

imauos.

Figure 2S. Tricoiythocles sp. General aspect o f  the egg show ing Type II 
po lar cap (P). Note the attachment fibers (arrows), m icropyle  (X I). ox er- 
lapping polygonal plates (OP), and polygonal plates not overlapp ing (NP) 
Bar represents 10 pm.
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Figure 29. Tricorythodes sp. Polar cap w ith  bundles o f  non-coiled 
fibers (B ). Part o f  one o f  the accessory attachment libers can also be 
seen(F). The bar represents 1 pm.

Figure 30. Tricorythodes  sp. Tw o m icropyles (M ) can be seen here 
as w ell as one o f  the attachment fibers (arrow ) w ith in  the furrows 
between the plates. Bar represents 2 pm.
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Key to the M ayfly Eggs of the L R G V

The following key is applicable only to the species from the Lower Rio Grande Valley, 

and to Leptoph lebia  brad leyi.

1. Eggs with polar caps.......................................................................................................2

Eggs without polar caps.................................................................................................. 4

2. Eggs with 1 polar cap......................................................................................................3

Eggs with 2 polar caps (Fig. 8) Caenis sp.

3. Type II polar cap (Fig. 28)................................................................... Tricorythodes sp.

Type III  polar cap (Fig. 25) Campsurus decolorants

4. Micropyle protruding (Fig. 22) Thraulodes gonzalesi

Micropyle not protruding................................................................................................5

5. Micropyle is funnelform (Fig. 24)............................................ Leptoph lebia  brad leyi
Micropyle is not funnelform.......................................................................................... 6

6. Micropyle is linear.......................................................................................................... 7

Micropyle is tagenoform................................................................................................. 8

7. Micropylar sperm guide is formed by folds in the
adhesive layer (Fig. 16) Stenonema fem oratum

Micropylar sperm guide is not formed by folds
in the adhesive layer (Fig. 12)........................................................ Hexagenia lim bata

8. Chorion has net-like sculpturing (Fig. 1)......................................... Fallceon q u ille r i

Chorion has peg-like sculpturing (Fig. 6 ).....................Cam elobaetidius mexicanus
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Concluding Remarks

A lthough this study answered many questions about the egg m orphology o f  

LR G Y  m ayflies, it raised many questions as w e ll. A ll o f  the eggs studied here had 

chorions covered w ith  an adhesive layer regardless o f  the presence o r absence o f  other 

attachment structures as stated in Table 2. C ou ld  the adhesiv e layer be merely a cov ering 

around the egg that is lost when the egg is laid o r is it indeed adhesive? I believe that this 

layer is adhesive and it gives the attachment structures the ir attachment properties. In 

most species w ith  attachment structures the adhesive layer is thin and molded to the 

structures beneath. However, when these structures are absent the adhesive layer is th ick 

and fibrous as in Stcnoncma femoratum.

On the other hand, the adhesive layers o f  most o f  the Stcnoncma species 

prev iously observed through ligh t m icroscopy were described as gelatinous (Koss 196S) 

not fibrous. Consequently, the structures described here m ight take d ifferent properties 

once they are laid in water. S im ila rly , the polar caps and other attachment structures are 

compacted w hen inside the female imago, but once activ ated by water o r substrate they 

swell, unw ind, or extend. The Ciicnis sp. imagos identitied  here are known to have 

clusters o f  eggs attached to their abdomens, w hich they lav as a cluster ( Henry' personal 

com m unication 2003). Is this the function o f  the adhesive layer, o r are the polar caps 

involved in this phenomenon as seen in Fig. 10? These are questions that should be 

answered hv future research.
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A P P E N D IX  A

Critical point drying

1. Samples are placed in the sample holder w ith  the appropriate number making sure 

that samples are always covered w ith  1 ()(J°<> ethanol.

2. Sw itch the machine to "O N "  and a llow  it to warm up for 5-7 minutes. (M ake sure the 

valves are all closed.)

3. Place about 10-15 ml o f  l()()"o ethanol in the pressure chamber.

4. Transfer sample holder into the pressure chamber.

5. Place the chamber lid down over the chamber and tighten the three knobs w ith  equal 

pressure by hand.

(■>. Open the CO; tank valve and open the Cool Valve on the chamber.

7. W ait for temperature to drop below (VC. and then close the Cool Valve.

S. Open the Inlet Valve on chamber s lo w ly  until chamber is fu ll. Make sure the 

temperature Slavs between 1: and 3''C by con tro lling  the Inlet Valve. (W hen the 

chamber is fu ll a bubble w il l travel across the v iew ing  w indow .)

d. Open the Purge Valv e s low ly  to let the ethanol out o f  the chamber. Use a beaker to 

co llect the ethanol. (Note: the purge rat should be equal to o r less than the liqu id  C O ; 

in let rate.) When all o f  the ethanol has been collected, use a paper towel to check the 

exhaust.

3S
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10. I f  paper towel is not wet and so lid  C O : comes out. then close the Purge valve and 

a llow  liqu id  C O : to re fill the chamber.

1 1. When the chamber is fu ll close the in le t valve and the C O : tank valve.

12. Turn the heat switch "O N "  to raise the temperature to 3 1°C (c ritica l temperature) and 

the pressure to 1070 psi (c ritica l pressure).

13. A llow  the chamber to remain in this cond ition  for 4 minutes and. then open the Bleed 

valve slow ly  to decrease pressure to 250 psi at a rate o f  1 OOpsi, m inute. (This should 

take about S-12 minutes.)

14. Open the Purge valve com plete ly to decrease pressure to 0 psi.

15. Turn heat sw ith o f f  and remove sample holder from chamber.

Sputter coating

1. Stubs w ith eggs w i l l be placed onto the Sputter Etch unit and the power sw itch is 

turned on.

2. Chamber is pumped dow n to 30 inT  and then the ETCH button is pressed.

3. A fte r the system pumps down to 50 m T turn the argon gas tank valve on and adjust to 

5 psi.

4. Ad just the gas How control knob to 1 25-150 mT.

5. Cover the specimen w ith  the shutter, and preset tim e to 30 seconds.

(->. Press Start button (tim e) and b ring  current up to 5 m illiam ps.

7. When time runs out reduce current to 0 m illiam ps and. press Sputter button.

S. Pump down system pressure using the gas flow knob and stabilize at about 50 m T.

9. Open the shutter and preset tim e to 1 m inute.
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10. Press Stan (tim e) button and bring current to 45 m illiam ps.

11. When tim e runs out reduce current to 0 m illiam ps.

12. Turn argon gas otTand press o f f  button.

13. Pow er dow n the machine and remove specimens.
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