
16 — 
	 Age I (n=25 batches; 5,323 eggs) 

Age II (n=28 batches; 8,838 eggs) 

100 200 3C_ 	 600 700 	3 900 1000 1100 1200 

18 

EPRODuk.... 	E ECOLOGY" OF RIO GRANDE SILVER) .  MINNOW H 
C—LITCH AND BATCH PRODECTION .AND FECUNDITY ESTIMATE'. 

Final Report 

Number of eggs in a batch 

Steven P. Platania and Christopher S. Altenbach 
Division of Fishes. Museum of Southwestern Biology 

Department of Biology University of New Mexico 
Albuquerque, M 87131 



mErrciii,UCTIVE ECOLOGY OF BAO 	 .■ OW HYBOGN,A 

CLUTCH AND BATCH PRODUCTIC 	FE C ;DITY ESTIMATE! 

Finai Report 

Steven P. Platania and Christopher S. Altenbach 
Division of 	Museum of Southv, estern Biology 

Department of Biology, Uni\ ersiy ofT ,:eve Mexico 
Albuquerque, 	87131 

prepared for: 

U. S. Army Corps of Engineers 
Albuquerque District 

4101 Jefferson Plaza, NE 
Albuquerque, New Mexico 87109 

under Purchase Order: 
DACW47-5125-0106 

22 July 1996 



1ixect 

Th k 1"ba 	'fH' 

Hyhognaiiu' aiz. coc;_ 
Reproductive t:cf t:ies in a ' 
spawning events with 100 t 
significant differences in eg:: 
minnow. Age II fish were eigt 

the reproductive ecol:-. , y o 	Grande silvery minnow,  
several additional aspects of 	species' biology. 

setting for this specie, 	c. -mposed of a series of 
::.\pelled per event. This study also dc -.: 

tiction between the two adult age classes c 	irande silvery 
in more spawning events (''.=13), had greater modal number of 

eggs per batch (200), and higher total fecundity up t 	n 
The elevated level of spawning achieved by 	 ivals 

silvery minnow are capable of e:,pelling all eggs in a 	 
combination with this species apparent schooling behavior, vgges hLh oobabilit fOr 
synchronous spawning in populations in selected reaches of the Rio Ciraride. The lack of 
numerous larval silvery minnow cohorts in recent field collections ma provide additional 
support for such spawning behavior. 

Information L4i -L.2c1 from this study, when integed with previous laboratory studies and 
ongoing field studies, irodtice a 717. comprehensive , 	2! - sinding of the life history of this 
species. This synthesis o'lahoral.,o:v and field 	 iiii6rmation will provide insight of the 
relationships of Rio Grande sik 	 por_i 	J aamics and water management 
practices in the Middle Rio GFaiickt cfNeo 
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intro(` 

Determination of annual or lifetime fecundit' y 	fish is dependant on clutch size and 
spawning frequency and is critical to studies of life history strategies. Fecundity estimates are 
typically obtained through enutnerat ion .: -:finature or maturing eggs in o 	e of preserved 
specimens. Several authol - s re,2ently 	ealed the errors and 	i osconcu^i^usdmxn6nnonuch 
data sets (Heins, 1990; 	ts-  and Baker, 1988, 1993a, 1993b). Resear 	llave advocated the 

need to validate fecundi 	-clates from preserved specimen bv 	 • f, rittat ion 
on clutch size and frequenc:, from live specimens observed under exper 	conJit 	. Their 
studies concentrated on darters of the genusf:fli,'ostoma as many members of that gen 
multiple clutches of easily counted adhesive eg.gs (Weddle and Burr, 1991; Heins and B 	|993o, 
I 993h; Heins and Machado, 1993). 

Although ubiquitous and generally more abundant than darters, there are little comparable 
information available for Norlh American cyprinids and none for plains stream minnows. The lack 
of such information on plains .sirelm f:shes was due, in part, to the dearth of life history data 
regarding these forms. Our recent studies documented the reproductive bell,r, lor and egg 
physiology of many members of this guild of fishes inhabiting the Rio Graude 	Pecos River 
(P|uuxkt,l995).Thodiscovzrynfhroodcnwspavningosdhuprcvx|cntoxx]e``| . zproduc1ionin  
plains stream cyprinids of the American Southwest allowed u-; to undertake studles to den -Tr-
clutch sizes, batch sizes, spa ,.\ :ling frequencies and total rectLIdity from live specimens. 

Previous reproductive biology studies on this endangered species resulted in the successful 
spawning of Rio Grande silvery minnow, flyhognathiLc c:inurif . in aquaria ap ,..! 	i(-T, of their 
larvae to the 	enile developmental stage. That s 	 :QQ5) 	 -necies is a 
pelagic spa ,: 	- that may produce over 3.000 ', C. 	 d 
season. s were allow I 6  !um diarneti-7 , 	 3.(!,  inm 
and remained su.,pencir.: ,  I 	ter CC 	'111 	 ,2; i2, hat, 
temperature dependent and arpeared to occur in 24-48 hours. Kccnnt|yhx1cheJ|xna|fish 
attempted to remain a part of the drift by swimming vertically (swim-up stage)boibcwater column. 
About three days after hatching, the gas bladder v, as developed, yolk-sac was almost completely 
absorbed, and protolarvae began feeding. These ph: si, , logical developments corresponded 
shift in swimming behavior as the protolarvae ended their swim up period, moved horizontali 
appeared to actively seek low-velocity habitats. 

The reproductive behavior, egg physiology, and larval fish behavior suggest that h 
events are important factors in this species life history. F-.1ge.s. and larvae are nresun7ed to remain a 
part of the drift for 3-5 days. 	the number of eggs produced by an individual 1.,11:1 le during a 
single spawning event was not determined during this study, we discovered that Age l'ema les 
could broadcast over 3,000 eggs during an eight-hour breeding session. The limited number of 
specimens available for this study (n=7) made it difficult to establish any correlation between length 
and clutch size. 

Additional clutch and fecundity studies were necessary to determine the relationship 
between length-mass and egg number, and the number of eggs laid by Age t and Age female Rio 
Grande silvery minnow during a single spawn, over several hours of spawning, and throughout the 
spawning season. Preliminary investigations suggested significant differences in the relative 
abundances of Age I and Age II reproducin7 females and the number of eggs produced by each 
cohort. 



	

This investigation had four principal objectives regarding fecundit:., 	-iates of Rio 
Grande silvery minnow: I) determine rekr 	 the number of ... 
female length and mass, 2) ascertain thc 	 the number 
female age class, 3) note the frequenc -) 	 s. 	-1) 	- ' 	',A. the 

number of eggs 	per spav ling event. 	 ined fi - y such a stud. 	ilable from 

field 	,ns, can 	ated with ongoi 	 produce a c: 
, f the 	T 	Fthis species, 1aboratory a 

infoimiation will provide 	ofthe relationships of Rio 	silvery minrov,. 
dynamics and water management practices on the Rio Gra - : 

Methods 

Rio Grande silvery minnow used in this investigation were collected on seven occasions 
between 5 May 1995 and 9 Rine 1995. Specimens were taken adjacent to the confluence of the 
Rio Grande and North Socorro Diversion Channel in Socorro County, NM. This locii!iiy was 
selected because of its ease of acc ,cssibility, extensive reaches of low-velocity habi -ta (despite the 

high mainstem spring runoff), 	mimerous gravid Rio Grande silvery minnow present there during 
the previous two years. In 	 'from this locality appeared more rcproductiv,... 	vc than 

similar size and age specimens frr -, :n upstream localities (Rio Rancho). t 	'-', ere collected w 
small mesh seines 	placed in 18.9-liter (5-gallon) holding buckets. Watei -  temperatures ( 
the study period md at lie time of collect 	\ - cre 15-19°C. 

The 	'ite 	..tatus of retained 	assesse 	the field. FemaI ,2s, 	opeared 
mcst gravid (as deter 	an increased 	 sc1ectcc 
pkisi ic bags of rive: 	aid oxygen. An alte 	 proc,, -e specime 	g: 
xQcrungcof|un 	bcth age classes. Fish 	ai-:t.., ored from the field 	the 121 ,7 ratory in 
ice chests which helped maintain relatively constim miter temperature and pro\ died additional 
protection of the specimens. Once in the laboratory, 	 iduals were re-examined to determine 
their relative health, gender, age, and reproductive condition. 

All experiments were conducted in 12 sequentially numbered 56.8-liter (15-g, 	, n) aquaria. 
Tanks were maintained in an experimenta: greenhouse in the Department of B 
University of New Mexico. The greenhoiise reeeked natural sunlight -ind miiiainc-C am ambient 
temperature of 27°C. 7„viinimum and maximum water temperature in aquaria were recorded on 
submerged Taylor® minimum-maximum thermometers. A 25-cm tubular air-stone, placed in the 
lower corner of each aquaria, maintained the water's dissolved oxygen level and produced a water-
current. 

Rio Grande silvery minnow selected for this study were assigned a number (1-12) and 
anesthetized in a dilute solution of MS-222. Specimens were blotted to remove excess liquid, 
measured (0.1 mm SL), weighed to the nearest 0.001 gm on a Sartorial scale, and given an 
abdominal injection of about 0.1 cc (0.11 mg) of acetone-dried carp-pituitary extract (CPE) per 
gram body mass. Injected female Rio Grande silvery minnow were then placed in the appropriate 
col-responding numbered aquaria and observed until they recovered from the anesthesia. Fish were 
generally processed the day of their capture and injected with CPE between 1800-2400 hours. Our 
previous studies indicated female fish that were going to spawn would do so within 16 hours of 
injection. 



ttroduced i 
of the 

s toed for 
sh and those 

esthesia w -,: ,-  
-ilationships of smal 

nod can provide info: 
our goals was to attempt to assess a grc“ 
uneviscerated body mass measures to del 
determined using regression analysis 
standard length and m and b were coil, 	Body th.ts 
values to convert this ratio into a linear relationship. 

Terminology used in this study, in reference to egg production, generally followed Heins 
and Rabito (1986). These terms are presented in a hierarchical progression of ' 

	
to smallest 

and are generally time dependent. Fecundity is a measure of the number of c 
	

wiled by a 
female without reference to temporal considerations. Clutch refers to a group cq 	s that are 
spays tied within a relatively short time frame and differs from batch in that the ha t 	eferences a 

s n e ic complement of egg produced during, one spawning event. 
While the aforeine , f i. nned laboratory procedures were followed thrcu 	project, 

there were some phase c - c differences in the suheluent methodology. Thu four separate goals 
of this project necessitated.. -ht dirences inhaft_ 	spec 	after they were placed in 
aquariums. Because of the -no 	rupilve 	 'Eh assessing the number of 
eggs per batch (objective # 4), that 	of tL,.: 	 ed until we had gathered 
sufficient information for the first t!1. - ee objective.,. 

The principal focus of the study was to LI 	the number of eL - 	need by Rio 
Grande silvery minno'w and correlate those data with hod:. mass. One eg_ 	 (25 x 18 
cm, fine-mesh) was suspended in each aquarium and first checked about 10 

	
-:fish v. cre 

injected with CPE. Nets were subsequently checked and eggs 	hourf_. 
be a sound technique col 	- >99% of th , 	minimiziru 	once of s 	v ,  behavior 
(Platania, 1995). 

For the purposes of this study, a spaw 	is defined as a n 	...wile encounter 
that results in the discharge of eggs. Determination n 	number of spa-„ 	events per female 
was accomplished by direct and indirect observation. \Ve observed reproductive behavior in 
selected aquaria for trials 3, 5, 6, 8, and 9 and recorded the time of the event and relative location in 
the water column of the aquarium for each spawning event (surface, middle, bottom). Eggs 
produced during the spawning events were captured using the methodology described in the 
previous paragraph. Video cameras (8-mm) also recorded Rio Grande silvery minnow reproductive 
behavior and was later viewed to determirc the number of batches produced. Fish were limed in 
real-time mode with an internal digital Jock image superimposed on the tape. Broadcast of eggs 
was easily seen when video tapes were viewed. All data recorded during direct observation were 
also available from video tape analysis. As with direct observations, there was a minimum of 16 
hours between hormone injection and cessation of the trial. 

Male Rio Grande silve 
were kept separa -,u 
each aquariun 
same year cla, 
TWO spa,.‘ 1:: 

that did not rc_ ,  
Lc 

preserved 

a;tde si 
used for 
served in 1 

-e usuall 
the reprod 

scerated body mass of 
,:ive state of individuals. One of 

e females, there7: Fe. 
These relatiohi,' 

- cerated body 
res were presented as 	'c 



necessary, age determination 

of eggs were taken from all tan 

thereby documenting egg 

assumed a museum n 1.1T 

ino logy for repro& c 

Rosen (1966) and 

part of this work were deposited in the Fish Division of the Museum of Southv 

i•-rh ex-m;! --0- ion of annuli on scals. R 77 

ed to develop to 

• are 	 b:iffered 

	

 

c , :rei-;ponded with the reft 	• - 	produced f 

	

behavior and egg type folloy , 	,ons provide- 

975). Specimens used for reproc:, 	-2 studies 

reder and 

roduced as 
)logy. 

1)sets 

iboriou 

in. it wa-: 

Ifer 

'ior consisted of a series 

itirs). We were concerned 

-;pawn might inhibit 

Determining 

segment requiring continuous 

phase of the study as it necess 

aware, from previous laborator 

of spawning events occurring over relatively 

that the activity required to ensure removal of 

tio •al spE, ,.% ning and result in spurious data. 

The number of eggs per batch were only 

last two trials (8 & 9). _:able to obtain 

)m selected 	a ls in the next to 

ber of gravid 	Rio Grande 

silvery minnow to contii,,,e, 

under direct observation. 

c of the research 	 acid 9, sp•!:-rn 

netted soon after a 	 event 

were kept. 

d and an 

attempt was made to keep distL - bance of fish to a minimum. The eggs produced this phase of 

the study were given a clutch number and number that corresponded with the parental female. 

These samples also provided data on number of batches and number of eggs-body mass ratio. 

In all phases of this invest igation, fish were removed from the aquaria about 16-20 hours 

after injection, anesthetized. re , ; eighed, and fixed in 10°,•:. formalin. in the few cases whe: - ...• 

Results 

This study resulted 

production of 115,799 e 

information on body mass 

data were available tc ,  deter :  

ling of 69 of 85 female Rio Grande silvery minnow and the 

Rio Grande silvery minnow that spawned provided 

relatio 	 progressively smaller subset of those 

number(' e 

per batch (n=7). The 4 	 a 	 ex• 	on body 

egg number relationsin 	Hie l;Jur specimen 	 :iwned 	.•ideo-taped. 

resulted in data on the i:_TTH -)ei 	lmtclles per clutch and six of the 	en f'; 1 .  es that were used to 

determine the number of eggs per batch were in the last two trials (Table 1). The difference 

between the number of female Rio Grande silvery minnow weighted and measured and those that 

successfully spawned included individuals used as control (n=1), those that died after injection 

(n=5), females that got caught in the egg collecting net (n=3), and specimens that did not spawn 

(n=7). 
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Table I. Accounting of tria -  .nd different phases of the clutch produc.: 	 stt 

DATE 
	

TRIAL 	Number of Non-_ r 
females 	span 	 EL, 7'. 	 

Ratio 

Length-mass relationins  
Residual analysis of 	-mass relationship 	on 85 female and 133 male Rio 

Grande silvery minnow indicated a significant difference(|`<0.05) between genders (Figure 1). 
Female silvery minnow con s 'stein iy obtained greater body mass than males of   The 
correlation coefficient between length and body mass was not only strong for both genders but was 
equal across sex. 

The majority (72%) of female Rio Grande silvery minnow collected were Age I specimens 
that were 10-12 months old. Length and body mass of the 61 Age I females were 43.3-61.1 mm 
SL 	mm SL) and 1.85-4.42 gms (5-<=3.03 gms), respectively. The largest Rio Grande 
silvery minnow collected during this investigation was an 76.6 mm SL, 9.72 gm Age 11 female. 
However, this individual was diseased and did not successfully complete spawninp 	\ lean 
sizes of the 24 Age 11 female silvery minnow were 67.7 m Tfl  SL and 6.71 gms. 	a 
relatively clear separation in female length and mass betw cell the two age classes (!- igure 2). 

About 80% of the male- Rio Grande silvery minnow taken for this study 	Age I fish. 
The size overlap between the two age classes was much greater in males than females. Age I male 
Rio Grande silvery minnow were 42.9-60.4 mm SL and 1.38-3.50 gms ( 	mm SL, 2.01 gms) 
while Age 11 specimens were 60.5-73.0 mm SL and 3.35-7.23 gms ( =64.4 mm SL, 4.74 gms). 
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Figure 1. 	Rio Grande silvery minnow length-mass relationships. 
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Figure 2. Length-mass relationships of Rio Grande silvery minnow based on age class 
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mass-egg number relationships  
A total of 69 female Rio Graft.' 

portion of the study. Females t! 	spawne ,1 
gms and comprised of 53 A , 	Inici 16 
more eggs than smaller in: :duals. Regress 
(r 2=0.596) between fem.n: 	and the 

,-.:1 -10NN' and fteir c.! 	 Hed for this 
fie study w, 	 and 1.70-9.11 

In ge,leral, 	 produced 
..the data indicate a L.': 	',Te correlation 
miocIticed (Figure 3). Close 

examination cfl.be data revealed numerou- ,.mtiving data points and considerable variation in the 
overall lc 	-n:2mber of eggs dataset. 	se deviations resulted iH 	 This 
variation was most evident 	t' 

	
Te parsed and ploft 	 re 4). 

Correlation (..oefieient 
	iemales(r 2=0.211) did H 	 :ear 

improvement when outliers at eitiler 	of the plot were removcd. 	 nsiderable 
variation throughout the Age I dataset in the number of eggs produced. 'exception of 
three data points representing spawns of about 3,000 eggs, the number of eggs produced by A 
females per length in mm SL remained relatively constant. 

The small number of Age II Rio Grande silvery minnow available for study limited the 
ere clu.siered into three separate 

.ach of these groups 
exhibited significant v: - iation in the  	of eggs proL 	hut still ^idh 	• overall trend of 
	reasing variamee 	 s, 	be largest number of eggs laid 	 study 
li , =5,303) were frorr .] 73.5 mm 5J fema 	it Trial 1. 	, ersely, a 74 1Yfll 	Collected on 
the same date (run in trial 2) yielded or 	,294 eggs. A sin 	I -  pattern, but c 
was apparent for fish about 64 and 68 lllll 

	
This high level of variability was reflected in the 

very low coefficient of correlation score 
	

Rio Grande silver .) 	Mitc -  • Figure 4). 
While female length was a relati%:,,- 	- redictor of the man 

was a strong positive correlation (1=0.70 
	

betn -een 
and eggs laid (Figure 5). The 69 female Ric. , 	 mi . ' 	..:sec 
study indicated that about 1,700 eLigs • 
Il females produced 40% of the eggs 
II fish exhibited greater change (re(n: 

Even when c• --Rined by age 
female body mass and tH.: number of 
lost more than 1 gram of body mas 

,,med per 1 _ 
'sing onl. 

in body mass tL 
,15 a strc 

'loss in telnale body mass— ,:ge 
of the sample. In addition. Age 

females. 
- positive correialic• between loss in 

. Only 1 C of!.i 	a females 
1Th e, five larges 	(2,169- 

3,007) by Age I Rio Grande silvery 	. 	be majoi- iLy ---37; 71%) of Age I fish recorded a 
loss of between 0.4-0.9 gms of body 	and accounted for 63% (n=43,380) of the eggs 
produced by Age I fish. Regression analysis from these 53 female Rio Grande silvery minnow 
suggest about 1,750 eggs were produced per 1 gram of body mass lost (Figure 6). 

Mean body mass loss in Age ri silvery minnow (1.79 grits) was over twice that observed 
in Age I fish (0.73 gms). Tbri«oAi4rODshwiththcymoUcs chance in body mass (-0.81 gms: 
were still larger than the mean change in Age I silvery minnow. The three Age 11 fish with 2.9- 
3.2 gm decrease in body mass exhibied significant variation in the number of eggs laid (2,788- 
5,303). Similar high variation in body mass loss-egg production were observed throughout this age 
cohort. This phenomena was reflected by the relatively low r 2  value (0.367) for Age silvery 
minnow. The regression model for Age Rio Grande silvery minnow predicts about 2,400 eogs 
per gram of body mass lost. 

level of analysis of putative trends. AgcCoi  
length classes (ca. 64, 68, 73 mm SL) 	 stLE. 

lesser magnitude, 

- spawned. there 
-tale bodN• mass 

portion of the 

8 



6000 

500[ 

4000 - 

Cl) 

0) 
a) 

3000 

2000 

	 least squares line 

	 95% confidence interval 

i=69 specimens 

=115,799 eggs 

• Ace I females n=53 68,422 eggs 

0 Age II females n=16 47.377 eggs 

0 

0 •41 • 
• 

y91 Ox + -3334.1 

r2=0.596 • 
0 

40 	45 	50 	55 	60 	65 	70 	75 	80 

Female length (mm SL) 

Figure 3. 	Correlations between female length and number of eggs spawned. 

9 



80 75 40 	45 	50 	55 	60 	65 	70 

O Age II females n=16 

47,377 eggs 

r2 =0.064 

y=65.21x + -1483.3 

N
u

m
be

r  
o

f e
gg

s  

least squares line 

95% confidence interval 

N
u

m
be

r  o
f e

gg
s  

6000 

5000 
I 
9, • Age females n=53 

4000 	68,422 eggs 

• 
•• • 

• 01 • CO • 41.  • 
ö• 	 • 

44 • • 
0
0 	0 

3000 

2000 

1000 r2=0.211 

y=66.53x + -2104.5 

least squares line 

95% confidence interva 

40 	45 	50 	55 	60 	65 	70 	75 	80 

Female length (mm SL) 

Female length (mm SL) 

Figure 4. 	Comparison of female length versus number of eggs spawned by age class. 

10 



1 2 0 3 4 

least squares line 

  95% confidence interval 

n=69 specimens 

n=115,799 eggs 

• Age I females n=53 68,422 eggs 

o Age II females n=16 47,377 eggs 

6000 

5000 

4000 

3000 
0 

2000 

1000 

y=427.9x + 1299.4 

12 =0.700 

N
u

m
b
er

  o
f 

eg
g

s  

Change in female body mass (grams) 

Figure 5. 	Relationship between change in female Rio Grande silvery minnow body mass and 
number of eggs spawned. 

IT 



4 0 
	

1 
	

2 

least squares line 

	  95% confidence interval 

Age I females n=53 

68,422 eggs 

• • 
• 

• „afro 
ose-- —• • • 

tios' • T̀ 
• • • • 

6000 

5000 

1000 

0 1 2 3 4 

N
u

m
be

r  
o

f e
g

g
s  

least squares line 

— ....... 	95% confidence interval 

6000 

5000 

4000 

a 

-4 
O 

Change in female body mass (grams) 

Change in female body mass (grams) 

Figure 6. 	Comparison between change in female Rio Grande silvery minnow body mass and 

number of eg,gs spawned based on age class. 



	

As with the differences between age classes. 	- ignificant 	 the 
correlation between 7- 	 and the min-C 	of '•- 	ver the different, 
7). In general, the t7 	1(=first two dates 	Lk.i, 	 find r‘nninIn  

correlative scores. 	leiA trend was for incre_sing 	I 
(and dates). The last 	o trials, while only comprised of s ,,i'VC11 	 and 

a 	coeffic ,_.-nt 01'9.990. The overal I correlation 	'f't'ici2nt of the 	 —25 

clutch..2) was very s'. -. -ong. H=0.92) especially compared t hat obtained ( r'=0.64 	first four 

trials (n=43 clutches). 	s7 ,, f mean eggs per gram : 	,-nass were about 25% higher in 
the final five runs as compare, to the first four (Figure 8). 

Multiple spawning events  
We were able to enumerate the number of spawning events of nine females, We also 

attempted direct and indirect observation of spawning on four additional females but they did not 
spawn. Three Age II and six Age I female Rio Grande silvery minnow were used in this portion of 
the study. These individuals were 44.0-59.4 mm SL, 1.70-4.42 grams (Age I) and 67.7-74.0 mm 
SL, 5.90-9.11 gms (Age 11). Two fish were observed in trial three, one in trial six, and the 
remainder in 	eight Lnd 	("E-*Jle 

A tota ! c‘ , f 72 	events were observ , 	 ese individuals were 

observed in IP , 	 ith three being the 
	

8 the  	Two of the 

three Age II fenales prod 	11 ,2nes. each with the 	 participating in 	spawning 

events. The mean number c. 	events for Age II 
	

was 12.7. 
The six Age I female 	2 silvery :i;innow spawned a total of 34 	=5.7) and 

ranged between 3-9. Three of the f(v.: 	fish lhat v.. ere observed during trial 8 spiv. ned five 
times with the fourth individual prod:i 

	 'es. The two largest Age I ' . =1 	s(55.8, 
59.4 mm SL) were responsible for die 	 mxb^uonnumhu'ofxpmvoi^^ 

	
in this 

age class. Numerous false spawns (male c 	 ,. le but no eggs are relc 	also 
observed in members of both age classes. 	 )ccurred most frec.,_ 	- ior to the 

first actual spawning 
There was .' , n-,, ftLITable variation in thc t 

more than five elute: 	were produced, there was 
events. On one occasion, a single Female spawned fr - c 
also record:2d a maximum time 0 l'90 minutes betwecu 

veer 	11-2; events. In 	- where 
\5'30u -.nes betwec 

10 minutes. This sari_ iuJivNuo| 

Number of eggs per batch  
We were able to obtain 53 batches of eggs from seven female Rio Grande silvery minnow. 

These batches contained 14,161 eggs with the number per clutch ranging rroni 621-5,303. The two 
largest clutches were produced by the two Age II females and accounted for 62% ,..)ftlie eggs in this 
portion of the study. There were a cumulative 18 batches of eggs laid by these two indiN 
The minimum number of eggs per batch for both Age II fish were 62 while 816 and 975 eggs were 
the maximum number produced by these two fish in a single batch. 

There was considerable variation in the number of eggs per batch produced by Age I Rio 
Grande silvery minnow (Figure 9). Four of the five individuals had at least one batch of 44 or 
fewer eggs and all produced at least one batch with >260 eggs. The mean number of eggs per 
batch for Age I fish was 213 and ranged from 108-591 per specimen. The largest Age I 	lc  Rio 
Grande silvery minnow produced the largest clutch (n=1 ,773 ), batch (n=1,120), and highest average 
number of eggs per batch (n=591). 
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Figure 7. 	Correlation between change in female Rio Grande silvery minnow body mass and 
number of eggs spawned by individual dates. 
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=2. 1) of a 
decline in irec:::e' 
	

!ur _erbuL 
(Figure 9). Exaiiiirla 	ui the bat, 
decreasing frequency ‘,":1 -d1 increast: 

contained 200 or 
with only three ba 
idn by age class de:florisirated a trend 

\.dout 92% of the egg-batches 

3. Tiler 
_ .6 ' 70) contL 

contained <501 eggs. Age It Rio Gran 	sike',.;  -ninnow demonstrated a trend similart ,. 
Age fish exceptl'—et the greatest number of Age 1 batches contained between 101- 
About 32% 	tches contained >401 egg. 	pared with 12% for Ag,e I fish. 

Discussion 

This investigation augmented previous field and laboratory studies on the reproductive 
behavior of Rio Grande silvery minnow. The data from this research program collaborated several 
of our previous hypotheses and, when integrated with field studies, provided a better overall 
understanding of the life history and ecology of this and other plains stream fishes. The in:formation 
from these studies should provide a better understanding of the relationships of flow and Liter 
management practices on this species. 

Our previous laboratory research doe.: ented that Rio Grande silvery minno is a 
spawner producing semi-buoyant eggs tha: de 	ied in 24-48 hours. The current in\ e 
revealed 	reproduction in Rio Grande silvep 	 ed of multi 	• 
with 	een l'A-200 eggs expelled per spawn and The I..' 	7. :fan . \ ,'•' 
5,000 eggs. The duration between spawning events an 	1.2vel of spawliin:4. 	„wed by s:onie 
individuals, especially during la - er trials, suggested that this 	:es had 	 of releas 
eggs within a relatively - 	 :!;., 	, . 

F.7:7 

schooling behavior, 
se|coiedrcachcooftheK i.  

We suspected that environmental cues such as increasing 	and temperatu7e incited 
female Rio Grande silvery minnow to cycle eggs into the last stag. 	e!): , irient (ripe egg). The 
duration between initial stimulation and maturation of oocytes to ripe eggs abre'' - - 	b: about 6-8 
hours. This time period is liased primarily on our labor...tor :, observation c' 

	
;me  beiween 

hormone injection and 	We believe that 	 .de environmental sti 
	

persisted, 
the developmental 	eggs ultimately readied 	',..reby, under natura, 
spawning resulted in the I -Cease of victuall all eggs. '1 . 1tis event may occur over one 	several days 
dependant upon prevailing environmental conditions. It is during this period that the majority of all 
spawning by individuals and Rio Grande silvery minnow population is presumed to occur. This 
does not preclude the possibility of protracted spawning by a selected few individuals. 

These assumptions were collaborated by collections of larval Rio Grande silvery minnow 
during a concurrent field study. Length-frequency histograms of larval Rio Grande silvery minnow 
did not depict the presence of several different age cohorts. Such cohorts, if present. 	be 
readily identifiable due to the rapid larval growth o . 1his species. Add i t iona I collaboration of 
synchronous spawning was provided by the virtual disappearance of such a large proportion of Age 
land Age 1.1Rio Grande silvery minnow after spawning (runoff). Protracted spawning would result 
in the post-runoff survival of a large number of female silvery minnow and those individuals would 

elevate GS1 levels. Neither of these two criteria have been observed in field collections of 
Rio Grande silvery minnow. 
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The data demonstrated a s_ 	2mporal differ . 	 n be 
mass and the number • 	 The data 

	 icideci the 
st corrolaticn of a 

	
l'ose 	 in to induce 

spav,. Hg  Conversely. 	 .:id 9, 
resulted i , - least 	co r 	..:liange in body 

	
b.: - 	 1-2  values  

appear to strIgest that -overal of these individuals were not a 
	

1y ready spawn as 
those fish in the later trials. 

These differences may reflect the temporal variance in developmental . 	 Less 
developed eggs, 	were smaller in diameter 	 _= -red in 	would 
be more numerous per gram of body mass versus e 	 sta•es of deve ■ opmehi. As such, 
there was greater variance in measures on fishes 	-e eggs as compared to those 
with more developed oocytes. Studies of egg develoi-mchtal stages and diameter in Rio Grande 
silvery minnow throughout the breeding season might provide additional insight to these variances. 

The lack of strong correlation between length and number of eggs produced seemed, 
initially, counter-intuitive. Fishery I it,:rature is replete with references of the positive lengt 
fecundity correlations (Potts and V ,:ooton, 1984). In such comparisons, fecundity is determined by 
counting the number of oocytes in Oae 
number of eggs spawned verns fema-
was not purported to reorese: the potato 

. In our investigation, we regressed the actual 
former value (number of eo - ) did not and 

of the female. For that 	t o ren,-esent 
fecundity required that 	expel all evs that would normally 
season. 	leei le that was no ` 	norm, there were several individm 
spawning morphological examination, to have achieved high levels , 	 se individuals 
provided the most valid estimates, from this stud'. (: , r silvery nu 	entia '.  

Discharge in the Middle R 	 \\ll .! , 	 silvery 
minnow (May-June) is primarily s!":, 	 htirn 	niival 	 volume 
are generally achieved. The cul - reni 	 release pa,—.1 does m_ r.cc Drily 

represent a natural hydrograph as fe":. - 	 and 	 e..r%::irs operated i rAer the 
covenant of the Rio Grande Compact. 
magnitude (=flood control) and may concurren 
durfr spring runoff are also affected by flow 

I ddle Rio Grande water temperatures may arts 

of spring runoff gene. y serves to reduce its 
tend its duration. Lotic water temperate

zn ions. Natural spatial and I 
_ 	v increase or dec.rea- 

discharge. The ir.an ipulations of flow and temper-dime proUaHy has a s‘ 
Rio Grande fishes and the impacts of fense practices on the historic nazi 	Jim c the :\ 
Rio Grande may have been significant. 

Examination of 1993-1995 field collected Rio Grande silvery minnow demonstrated 
increasing GSI values that generally corresponded with periods of spring runoff. The dm•. 
gradient of increasing GS' .  values during this period also correlated with increasing water 
temperatures. These data provide field documentation of the relationship between discharge and 
temperature and spawning of Rio Grande silvery minnow. 

Manipulations of flow through dams is frequently employed as a management tool whose 
purpose is to induce or increase success of spawning by rare fishes (e.g., Colorado River, Colorado 
squawfish and humpback chub). Selective control of flow during spring runoff in the Middle Rio 
Grande may result in an increase in population levels of Rio Gra vide silvery minnow. Any 
experimental manipulations of Middle Rio Grande spring discharge would require monitorin•. 
designed to ascertain the affects of the modified flow on the reproductive biology of Rio Grande 
silvery minnow populations in each of the four reaches. 
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