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BrILDI\G n'i, DE\VER FEDER.-\L CE�TER 

DE\\'ER. COLOR.-\DO 80225 

To: Chairman, Fish Screening Facility Task Force, Billings, Montana 

From: Laboratory Testing Coordinator 

Subject: FY80 Progress Report 

INTRODUCTION 

F/L� 

The primary conclusion from testing in FY79 was that the 70-mesh screen with 
rectangular inflatable seals would provide 100 percent efficiency in filtering 
whole eggs and larvae. Testing in FY80 centered on acquiring data for further 
verification of this conclusion and in testing to develop details of the final 
design. Considerable laboratory work was accomplished in support of the field 
testing at Turtle Lake. 

ACQUISITION OF EGGS AND LARVAE FOR TESTING 

Appendix I gives details of the program of acquisition and culturing of adult 
fish, eggs, and larvae during FY80. Sufficient eggs and larvae of rainbow 
smelt were obtained to complete the testing for that species. 

Success in transporting adult gizzard shad was considerably improved over FY79; 
however, mortality in the laboratory was a major problem and insufficient eggs 
and larvae were obtained. Testing with eggs and larvae of the gizzard shad is 
of critical importance, because the eggs and larvae are the smallest of the 
four species under consideration. 

Utah chub were successfully captured and transported and are surviving in the 
laboratory. However, spawning did not provide adequate eggs and larvae for 
testing. Adults are being held over with accelerated simulated seasonal changes 
to allow spawning early in 1981. 

A hot weather induced fish kill nearly eliminated the carp being held for spawn
ing, so testing for that species was also unsuccessful. Both the chub and carp 
have eggs and larvae considerably larger than the other two species; therefore, 
their inclusion in the testing program is not critical. The data which have 
been obtained, plus intuition based on the relative sizes, leads to the conclu
sion that the eggs and larvae of Utah chub and common carp will not pass the 
70-mesh screen. 



Appendix II describes an apparatus and technique for photographing and sizing 
eggs and larvae. 

FILTRATION TESTING 

A potential problem of leakage past improperly vulcanized splices in the inflat
able seals was partially resolved by a manufacturer modification, and can be 
fully resolved in seals for the prototype structure. 

A question raised late in 1979 concerned possible damage which could occur to 
whole eggs and larvae in the turbulent boil below the screen. Such damage 
would mask the results, in that recovery of pieces of eggs and larvae might 
imply that whole specimens had passed the screen. 

Tables 1 through 5 in Appendix 1 summarize filtration tests accomplished during 
FY80. As noted earlier, supplies of eggs and larvae for Utah chub, gizzard shad, 
and common carp were inadequate to complete testing for those species. However, 
in the limited number of tests, plus the complete series for rainbow smelt, no 
pieces of eggs or larvae were recovered below the screen. The 70-mesh screen 
with inflatable seals is obviously completely effective in blocking the passage 
of eggs and larvae. All that remains is to round out the documentation for the 
most critical species, gizzard shad. 

FLOW CAPACI TY OF THE SCREEN 

Differences were noted between the flow capacity in the field test facility and 
that in the laboratory test facility. An 80-mesh screen, with a percent open 
area nearly equivalent to the laboratory 70-mesh screen, was used in the field 
during 1979. Maximum capacity achieved through the 12.5-foot-long screen was 
20 ft3/s. For two 3-foot-wide panels this resulted in a unit discharge capacity 
of 3.33 ft3/s per ft. The maximum long term capacity was 15 ft3/s, or 2.50 ft3/s 
per ft. These unit discharges are considerably lower than the laboratory unit 
discharge of 5.0 ft3/s. 

Laboratory tests examined the effects of mesh size, backup screen configuration, 
and approach channel depth. Neither backup screen configuration nor approach 
channel depth were found to make a significant contribution to the capacity 
difference. Some of the difference is suspected to be attributable to differ
ences in the discharge coefficients of the 70- and 80-mesh apertures, although 
no conclusive data have been developed. There is a possibility that roughening 
due to corrosion causes a reduced capacity in the field test facility. However, 
the major reason for lower capacity in the field than in the laboratory is 
believed to be clogging. 

Flow deflectors were developed to deflect water moving along the screen frames 
back onto the screens. This prevents loss of water off the downstream end. 
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TESTS REGARDING SCREEN HOLDDOWN 

Observation of screen panels showed that the screen holddown rods on the 
frame tended to bow out of the retaining groove. Also, there was a tendency 
to shear the screen during installation. 

A test apparatus, figure 1, was assembled to determine the pullout limits 
for various holddown configurations in both horizontal (parallel to the 
plane of the screen) and vertical (perpendicular to the plane of the screen) 
directions. 

Table 1 summarizes the test results. Figure 2 shows the configurations of 
plates numbers 1 and 2 listed in the table. The decision was made to con
tinue the use of the circular monel rod in the field test facility, but to 
double the number of retaining screws, to give a screw spacing of approxi
mately 3.5 inches. No problems have been experienced with pullout; however, 
the design is being reexamined for the possibility of simplifying the screen 
installation procedure and reducing the potential for screen shear. 

VERIFICATION OF SCREEN INTEGRITY 

This activity falls into two categories: (1) determination of wear or dam
age to the screen during operation and (2) verification of adherence to 
specifications for newly installed screens. 

The first category requires visual examination of magnified photographs 
taken before and after a test period of field operation. A control system 
has been developed so that the before and after photographs are taken of 
identical areas of the screen. Data recorded from this examination are then 
subjected to statistical analysis to determine change trends. 

Results to date show significant reduction of the wire diameters in the field 
test facility phosphor bronze screen because of corrosion. The decision has 
been made to eliminate the phosphor bronze screen from further consideration. 
Both upper screens in the field test facility are now monel. 

A task group was assembled to brainstorm methods for verifying the integrity 
of newly installed screens. A long list was developed of potential methods 
which were broadly classified as optical-visual, tracers, electrical, sound, 
surface tension, and jet penetration. After considerable discussion and some 
experimentation and analysis, the following methods were chosen for further 
examination. 

1. Visual examination of the screen surface, enhanced by oblique lighting 

2. Videotaped scanning, with subsequent monitoring of the videotape 

3. Utilization of surface tension to detect flaws in the screen material 

The last method shows enough promise to warrant further development. A test 
tank will be fabricated to accommodate a full screen panel, figure 3. Water 
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is added to the reservoir in small increments to gradually increase the air 
pressure under the screen. Inconsistencies in the screen surface appear as 
bubbles in a liquid film applied to the upper surface of the screen. 

DEVELOPMENT OF A FAIL-SAFE MONITORING AND ALARM SYSTEM 

Figure 4 schematically represents a system configuration including regulators, 
valves, switches, and alarms to ensure that the pneumatic seals will remain 
properly inflated, or if damage occurs, an alarm will cause immediate shut
down. It is essential to note that a second, lower screen will involve a 
completely separate air system and complete redundancy will be provided. 

BIOLOGICAL GROWTH ON THE SCREENS 

A memorandum to D. L. King from the Head, Environmental Sciences Section dated 
April 2 1, 1980, details the results of laboratory examination of screen samples 
exposed to field waters. The samples clearly show growth-inhibiting character
istics of phospher bronze as compared to stainless steel. Monel which also con
tains copper, but at a lesser percentage, has uncertain growth retardant 
characteristics. Neither phosphor bronze nor monel showed problems of biologi
cal growth in the field test facility where spray cleaning has a significant 
effect. 

TESTS TO DEVELOP CLEANING APPARATUS 

Laboratory testing involved definition of required nozzle type, diameter, 
spacing, angle, and pressure to effectively remove algae and other debris from 
the screens. 

Initially, some concern was expressed that sediment might be making a major 
contribution to clogging of the screen at the field test facility. However, 
sediment concentration was insignificant except during initial startup when 
some material was scoured from the supply canal. Analysis showed the maximum 
size of the sediment to be about 80-mesh. Therefore, clogging should be insig
nificant for a 70-mesh screen, unless the screen was already partially plugged 
by algae. The sediment was comprised of abrasive minerals; therefore, some 
long-term abrasion of the screen might be expected. Sediment in the cleaning 
spray might have a more serious impact. 

The primary clogging is due to algae and becomes serious during the summer when 
blooms occur in the system upstream. 

Laboratory experiments concluded that No. 40 nozzles, operating at 40-50 lb/in2, 
with 400 divergence in the spray, and mounted 3-3/4 to 4 inches from the screen 
should be used for cleaning the upper screen from the underside. A similar 
arrangement cleans the lower screen from either the top or under side. The 
design is still under adjustment through field testing. 
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Twelve tests were run in the laboratory with spray cleaning of the top side 
of the upper screen, and with eggs and larvae from a filtration test run 
remaining on the screen. No recognizable pieces of eggs or larvae were 
recovered below the screen. 

FY81 TESTING PLANS 

Laboratory testing in FY81 will concentrate on: 

1. Verification of screen filtration capability for eggs and larvae of 
gizzard shad. Attempts will again be made to obtain test specimens from 
North or South Dakota. Testing may also occur at the TVA laboratory at 
Norris, Tennessee, which is near a source of gizzard shad at Oak Ridge 
National Laboratory. 

2. Develop the surface tension technique for verifying screen integrity. 

3. Produce a documentary videotape of laboratory and field testing. 

4. Test for the potential use of polyester screen materials. 

5. Determine the hydraulic implications of increasing the spacing between 
the upper and lower screens from 1 foot up to 3 feet. 

6. Investigate the possible use of and durability of various screen repair 
techniques. 

7. Conduct tests as needed to assist in evaluation and development of 
spray cleaning systems. 

�� � 

Enclosures 

Copy to: Project Manager, Bismarck, North �akota, Attention: 400 ( Knoll) 

Blind to: D-1522 
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D-1530 ( King) 
D-1531 
D-1531 (Johnson) 

,.,0-1532 
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SCALE 

Figure 1. - Test Apparatus to Determine Pullout Limits of 
Various Holddown Configurations 
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EVALUATION OF THE STRENGTH OF ALTERNATIVE SCREEN RETAINERS 
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Memorandum 
Memorandum 

1, __ ,k/ / / Chief, App 1 ied Sciences Branc�j 7, J -v/ I � 'tP 

l- 110 

Denver, Colorado 
DATE: December 4, 1980 

noM : Head, Environmental Sciences Section 

SUBJECT: Fish Acquisition and Culture for McClusky Canal Fish Screen Studies - FY80 

Applied Sciences Referral Memorandum No. 81�2-s· 

....... 

Investigations by: S. J. Grabowski 

INTRODUCTION 

During FY80, laboratory tests on a sectional model of the McClusky Canal 
fish screen were continued at the Water and Power Resources Serv.ice. Engineering 
and Research Center, Denver, CQlorado. The rationale for and methods 
employed in the testing program were described previously (FY79 Progress 
Report). This memorandum will describe acquisition and .testing of four fish 
species during FYSO. 

FISH ACQUISITION AND CULTURING 

Rainbow Smelt 

Rainbow smelt (Osmerus mordax) were obtained from several sources including 
conmercial fishermen and State fish and game agencies. 

On March 18, 1980, we obtained 59 rainbow-smelt from Mr •. Je.r.ry Peterson, a. 
fishery biologist with the· Mich·ig-an Department of Natural .Resources i-n · 
Escanaba. These fish did not tolerate shipment very- wel 1; many were in 
distress upon arrival in Denver and 50 died.within 2 days. �a spawn was 
obtained from the.remaining nine fish. These fish were collected in pound 
nets set -through the ice and had been pulled rapidly from a depth of aoout 
50 feet. 

On March 25, 1980, we received another shipment of 60 smelt from Escanaba. 
We obtained a small number of eggs from the smelt, enough to conduct one 
filtration run and three recovery runs on April 23 and 24. None of these 
eggs hatched. 

On April 11, 1980, we received 125 smelt of about 400 collected by MSPO 
Biology Branch personnel in Beaver Bay, North Dakota. Survival of these 
smelt was good, although egg production was low. �e obtained sufficient 
eggs to conduct five filtration runs. Most of the moribund fish or 
mortalities were ripe females. The active surviving fish were most often 
males or spent 
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females. This situation was observed in some other shipments of smelt as 
well. The smelt less able to survive handling and shipment seemed to be 
ripe females. Attempts were made to spawn moribund females, with limited 
success. 

The renaining 275 Beaver Bay smelt were placed in a concrete raceway at 
Garrison Dam National Fish Hatchery. These fish were allowed to spawn over 
burlap mats placed on the bottom of the raceway. About 15 egg-covered 
burlap mats were shipped to the E&R Center on April 15. These were placed 
in two Heath incubators, one with a water temperature of 40 °F and the other 
with a temperature of 48 °f. The eggs maintained at 48 ° F hatched between 
May 3 through 6, and the larvae were used for recovery and filtration tests. 
The smelt eggs maintained at 40 °F, to reduce the rate of development, delay 
hatching and extend the screen testing period; began showing increased 
mortality around the beginning of May. On May 10 these eggs were movea to 
another incubator with a temperature of 48 °F. Few of these eggs hatched. 

On April 24, 1980, we received about 200 North Dakota smelt collected in the 
Parshall Bay area of Lake Sakakawea. Again, the majority of dead or 
moribund fish were ripe females. We attempted spawning moribund fish on 
April 25 but although the eggs.looked good, they all were dead by May 1. We 
also received smelt eggs on moss from the Maine Department of Inland Fisheries 
and Wildlife on April 24. These eggs began hatching May 6 and providea 
larvae for the majority of the filtration runs conducted this year. 

On May 2, the Vermont Fish and Game Department shipped us several thousand 
smelt eggs on a burlap mat. These hatched in about 2 weeks·and provided 
larvae for recovery runs. 

On May 5, personnel from the French River Hatchery near Duluth, Minnesota 
shipped 100 adult smelt to the E&R Center. As was the case last year, the 
majority of these smelt were males. We did not obtain sufficient eggs from 
this lot of fish for testing. We also received additional smelt eggs on 
burlap from North Dakota. These eggs had been in the raceway at Garrison 
Dam Hatchery at 34 to 37 °F. Most of the eggs were dead upon arrival and 
almost complete mortality had occurred within a few days. 

The New Hampshire Fish and Game Department was unable to supply smelt eggs 
this year. A poor smelt run due either to an unusually dry year or to 
inherent biological factors in the smelt population in Lake Winnisquam 
itself lead to such low egg production that New Hampshire Fish and Game 
Department could not meet its own requirements for smelt eggs. 

Best hatching success and larvae production came from the Maine smelt eggs 
attached to moss, followed by North Dakota smelt eggs spawned on burlap, 
shipped to Denver, and incubated in a Heath incubator with a water temperature 
of 48 •F. The possibility of extending the active testing period somewhat 
by delaying hatching of several lots of smelt eggs did not work out as 
hoped. At least with rainbow smelt we observed greater egg mortality during 
prolonged low temperature incubation with consequent poor hatching success. 
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Utah Chub 

On May 22, 1980, we picked up 212 prespawning adult Utah chub (Gila atraria) 
collected in Flaming Gorge Reservoir, Wyoming by Wyoming Game and Fish 
Department and Utah Cooperative Fishery Unit personnel. We transported 
these fish to Denver and experienced no mortality in shipment. After the 
chub were acclimated to laboratory conditions, they were checked for ripeness. 
Most males were ripe and were given a top caudal fin clip. Over a period of 
about 1 month attempts were made to induce spawning of ripe fish using an 
injection of Carp pituitary and clomiphene citrate, according to a procedure 
developed by Utah Cooperative Fishery Unit personnel. We were moderately 
successful in obtaining eggs by this procedure. We completed several runs 
with eggs and larvae thus obtained. We were also able to obtain some eggs 
from female chub collected in Strawberry Reservoir, Utah, and shipped to 
Denver. 

We presently are maintaining about 50 Utah chub at a winter temperature and 
photoperiod regime in an attempt to shorten the normal !-year reproductive 
cycle to about 9 months. We were successful in compressing the reproductive 
cycle of six Flaming Gorge Reservoir and six Hebgen Lake chub to 9 months by 
manipulating temperature and photoperiod. These 12 experimental fish were 
injected in mid- and late-March 1980, and eggs from several females were 
incubated. The larvae and eggs were used for a test run on March 25. We 
will attempt this again this year with a larger number of chub. 

In June 1980 we sent 15 adult chub and the spawn from 1 female to the 
La Crosse National Fishery Research Laboratory to use for fish egg and 
larvae toxicologic experiments. The eggs did not survive shipment. The 
adults survived shipment but succLmbed within 2 weeks. We plan to provide 
La Crosse with additional chub this year to complete toxicologic studies. 

This year chub were hauled very successfully using 0.2 and 0.5 percent NaCL 
to reduce osmoregulatory stress, 2.0 mg/L quinaldine to calm the fish, an 
antifoam compound, bacteriocidal agent (furacin), and gaseous oxygen. No 
hauling mortality occurred. 

Gizzard Shad 

Gizzard shad (Dorosoma cepedianum) were obtained from seven different 
locations this year. Except for shad collected by gill netting in Ute 
Reservoir near Logan, New Mexico, hauling mortality was low. Shad were 
collected by electrofishing gear by fish and game agencies in Nebraska, 
Kansas, and Oklahoma. Shad from New Mexico were collected coincidental to 
the walleye spawn taking operation. These particular fish were in a gill 
net for several hours and showed signs of extreme cutaneous hemorrhage. No 
shad were collected in a trap net set for 2 days in a normally productive 
location in Ute Reservoir. Shad from Prewitt Reservoir in northeastern 
Colorado were collected by large mesh gill nets set for a maximum of 
30 minutes. Some of these shad were ripe and provided eggs for testing. 
None of the attempts to obtain shad larvae were successful. 

Gizzard shad are extremely sensitive fish and difficult to maintain in 
captivity. 
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The McClusky Canal fish screen consultants recotTUT1ended that we obtain and 
test shad eggs and l arvae from Lake Mitchell ,  South Dakota. Water and Power 
Resources Service therefore contracted with the South Dakota Cooperative 
Fishery Research Unit in Brookings to collect about 1 mill ion shad eggs and 
ship these to the E&R Center. Extensive efforts over several months by 
fishery unit personnel yielded only a few ripe female shad, but l iteral ly 
hundreds of ripe males. In early July we travel ed to Mitchell ,  South 
Dakota, to observe shad coll ection personally and transport any coll ected 
fish back to Denver. None of the femal es among the 75 shad coll ected were 
ripe. Ovaries of several sacrificed females were small, hard, compact, and 
undeveloped. Ovaries of other shad examined during the season by Fishery 
Unit personnel looked the same. Shad in Lake Mitchell either completed 
spawning before coll ection efforts began or it was not a 1

1 typical 11 year 
there. Local residents and the conservation officer reported seeing none of 
the usual early morning spawning activites of shad this year as they have in 
previous years. Fish and Wil dl ife Service personnel in Genoa, Wisconsin, 
collected no shad during their routine fishery surveys this spring, al though 
shad were numerous in past years. Unusual or abnormal winter conditions or 
low water l evel s may be responsible in part for the unusual situation 
associated with shad in the upper midwest in the FY80. Fishery Unit personnel 
gill netted shad in deep water in Lake Mitchell in mid-August. The ovaries 
looked the same as those examined earl ier. 

We received two shipments of mixed gizzard shad and th�adfin shad eggs from 
Oak Ridge National Laboratory. The eggs were attached to cotton cloth or 
n itex netting material . None of the eggs hatched. Personnel at ORNL 
indicated that they had prob l ems with hatching shad eggs this year and had 
to terminate some experiments because of poor hatching success. 

Carp 

About SO common carp (Cyprinus carpio) were hel d over the winter in a pond on 
the Federal Center. The Col orado Division of Wil dl ife collected carp in 
Marston Lake and provided the Service with about 43 fish in June. These 
fish were prespawning adults. Carp were pl aced in a holding pond behind the 
greenhouses and monitored regul arly for sexual development. Imminent spawners 
were pl aced in a 4- by 8-ft wire cage for easy access. On June 24, before 
most of the confined fish spawned, 101 fish, mostly gravid femal es, died in 
a fish kil l  in the pond. Several days of unseasonably warm weather preceded 
the fish kil l and probably contributed in part to the kil l. The Division 
of Wildlife cooperated in the coll ection of 51  additional carp from Barr Lake 
on June 27. We had poor success in obtaining eggs from these fish coll ected 
late in June. The unfortunate fish kil l of gravid carp prevented us from 
completing a full series of filtration and recovery runs with carp eggs and 
larvae. 

4 



LABORATORY TESTING RESULTS 

We were not able to complete an ent i re ser ies of test runs wi th all four 
spec i es. The number of f i ltrat i on and recovery runs completed for each f i sh 
spec i es are sunmar i zed in table 1. Detai led infonnat ion regard ing each test 
run for each spec i es are included i n  tables 2, 3, 4, and 5. 

Consultants to the McClusky Canal Fish Screen Task Force have i nd icated that 
we should consider the testing of rai nbow smelt eggs and larvae completed. 
They also i nd i cated that on the bas is  of the s i ze of eggs and larvae of Utah 
chub and carp compared to rai nbow smelt, testing of these two spec ies can be 
considered completed. They recommended that laboratory test i ng i n  FY81 
concentrate on g i zzard shad. There i s  a strong poss ib ility that testing of 
gizzard shad eggs and larvae can be conducted at the TVA laboratory i n  
Norris, Tennessee , with eggs suppli ed b y  Oak R idge Nat i onal Laboratory 
personnel. We plan to pursue this poss ib i li ty. 
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Tab l e  1 .  - Sunmary of tests compl eted on the McC l usky 
Canal  F i sh Screen secti ona l  mode l  at 

the E&R Center 

Q(ft3/s )  
Spec i es Type of run 3 9 15 

Rai nbow Recovery Eggs 1 1 1 
smel t Larv ae 2 3 3 

Fi l trat i on 8 8 8 

Utah Recovery Eggs 
chub Larv ae 1 1 1 

F i l tr at i on 1 3 1 

Conman Recovery Eggs 1 1 1 
carp Larv ae 

Fi l trat i on 2 2 1 

Gi zzard Recovery Eggs 
shad Larv ae 

Fi l trat i on 1 1 1 



Table  2. - Ltve rainbow smelt tests - rectangular tnflatable _seal · 

Screen length Approx tmate Number of organi sms recovered tn el ankton net - : 
Damaged mesh Date Dtscharye of test Sam(!le she whole Egg Damaged Whole Headless Statn Source 

s t ze (ft3/s (min )  Eggs [arvae eggs cases egys l arv ae l arvae l arvae 

70 4-21-80 9 4S 10 ,000 0 0 0 Neutral red North Dakota 
70 4-22-80 13 45 10 ,000 0 0 0 Fast green North Uakota 
70 4-22 -80 9 45 10 ,00U 0 0 0 Tol utd tne blue O North Dakota 
70 4-22-80 1 /  3 45 10 .000 0 0 0 Neutra l  red North Oakota 

- 2 .6 
70 4-23-80 3 45 10 ,000 0 0 0 Tol uid t ne b lue 0 H ich i gdn 
70 4-23 -80 15  45  y •  82 10 Neutra l  rl!d M ichigdn 
70 3/ 4-23 -80 9 45 * 92 !/ 12 4 fast green Hich i y dn 
70 - 4 - l4 -80 3 45 * 91 8 Ncutrd l red M ich iyan 
70 5-03 -80 15 45 * 34 55 Neutral red North Uakota 
70 5-03 -80 9 45  * 53 29 To l u id tne b l ue 0 North Uakota 
70 5-30-80 3 4S * 84 8 To l u i� i ne b l ue 0 North Uakota 
70 5-04 -80 15  45  * • 59 30 To l u i d i ne b l ue O North lJakota 
70 5-04 -80 9 45 * 81 13 fas t  green North Dakota 
70 5 -04 -80 15 45 10 ,000 0 0 0 Neutra l  red Nort h Uakota 
70 5-06 -80 9 45 10.000 0 0 0 Tol u i d ine b l ue O Maine 
70 S-Ob -80 3 45 10 ,000 0 0 0 Fast  gr�l!n Ma ine 
70 5-07 -UO 15 45 10 .000 0 0 0 Tol u i d ine b l ue O M11 i ne 
70 5 -07 -80 3 45 10 ,000 0 0 0 Neutr a l  red Md i ne 

• 10 5-07 -UO 15  45 10 .000 0 0 0 Fast  yreen Maine 

, 



Table 2 .  - Ltve rainbow s�elt tests - rect�ngul ar. tnflatable seal (conttnued) 

Screen length Approx imate Nunber of organ i sms recovered 1n pl ankton net 
mesh Date Otscharge of test sample s t ze Whole Egg Damaged Whole Headless b�naged Statn Source 
she ( ft3/s) (mtn)  Eggs Larvae eggs cases eggs l arvae l arvae l arvae 

70 5-08-80 9 45 10 ,000 o o o Tol utd tne b l ue o Haine 
70 5-08-80 9 45 10,000 O O O Neutra 1 red Hat ne 
70 5-08-80 15 45 10 ,000 o o O fast green Ha ine 
70 5-08-80 3 45 10 ,000 O O O Tol ui d t ne b lue Maine 
70 5-09-80 3 45 10 ,000 0 0 0 Neutra 1 red Ma ine 
70 5-09-80 9 45 10 ,OUO O O O Fas t  green Maine 
70 5-09-80 15 45 10 ,000 0 O O Tol u i d i ne b l ue O Ma i ne 
70 5-09-80 15 45 10 ,000 0 0 0 Neutrc1 1 red Mc1 ine 
70 5- 10 -80 l 45 10 ,ouo O O O Fas t  green Ha ine 
70 5- 10-80 9 45 5 ,000 0 0 0 To l u td i ne b l ue O Ma inl! 

. .  

70 5 - 1 5 -80 9 45 • 64 1 3 Neutr a l  red Vermont 
70 5-15 -80 15 45 * 57 29 To l u i d i ne b l ue O Ve,mont 
70 5 - 16 -80 3 45 • • 68 14 fas t  green Vermont 
70 5-16 -80 9 45 6 ,000 0 0 0 Neutr a l  red Venuont 
70 5- 1 9-80 3 45 10 ,000 0 0 0 Neutra l  red Vt!rmont 

1/ Ourtng the 45 minute m tn,  the f low gradual ly decreased to 2.6 ft3/s . 
2/ * Recovery Test - Introduced 100 eggs or l arvae under the screen panel . 
j/ After th i s  run .  dur i ng washdown a smal l tear was observed t n  the watert ight bag near the upper rear corner . The tear was repai red before add tt tona l 
tests were conducted . !J These 12 p i ec es were sta lk  remnants from egg cases . 

. ·-



Screen Length 
111esh Date Dtscharye of test 
s t ze (ftl/s (min )  

70 3/25/80 9 45 
70 5/30/80 15 45 
70 6/5/80 J 45 

70 7/ 10/80 9 45 
70 7/ 14 /80 9 45 
70 7/ 14/80 9 45 
70 7/14 /80 15  45  
70 7/1 4/80 3 45 

. Table 3. - Live Utlh chub tests - rectangular inf latable seal 

Approx tmate 
samele she whole 
[ggs [arvae eggs 

10 ,000 10 ,0UO 0 

10 .000 0 
10 ,000 10 ,000 0 

10 ,000 0 
8 ,000 

1/ * 
- * • 

Number of organ tsms recovered tn 2l ankton net 
Egg Damaged whole Headless 

cases eggs l arv ae l arv ae 

0 0 0 0 
0 0 
0 0 0 0 

0 0 
0 0 

93 
93 
83 

!/ * Recovery test, - Introduced 100 l arvae under the screen panel . 

Damaged Statn .. Source 

l arvae 

0 Neutral red Wyantng 
Tol utd tne blue 0 Wyoming 

0 Neutral red ( larvae) Wyantng 
fast green (eggs)  
Neutra l  red Wyaning 

0 Neutra l  red Wyom ing 
Fast green Wymong 
To l u id ine b l ue 0 '1lyekn ing 
Neutra l  red Wyom ing 



' .  

Screen Length 
11esh Date Dtschary• of test 
s i ze (ftl/s (min) 

70 6/16/80 3 45 
70 6/16/80 15 45 
70 6/ 16/80 9 45 
70 6/1 7/80 9 45 
70 6/ 1 7/80 3 45 
10 7/17/80 15 45 
70 7/ 17/80 3 45 
70 7/ 1 7/80 9 45 

Table 4 .  - Ltve carp tests rectangular tnfl atable se�l 

Approx tmate 
same le s t ze whole 
Eggs '  Larvae eggs 

10 ,000 0 
10 ,000 0 
10 .000 0 
10 .000 0 

10 ,000 0 • !/ 69 * 79 * 91 

Number of organisms recovered t n  2l ankton net 
Egg Damaged Whole Headless 

cases . eggs l arvae l arvae 

0 0 
0 0 
0 0 
0 0 
0 0 

;-z .. 
1 0  

0 

Damaged 
l arvae 

!/ * Recovery test - introduced 100 l arvae under the screen panel . 

Screen 
mesh 
s t ze 

70 
70 
70 

Date 

6/13/80 
6/13/80 
6/13/80 

Dtscbar9e 
(ftl/s J 

15 
9 
3 

Length 
of test 

(mtn) 

45 
45 
45 

• 
Table 5 .  - Ltve g izzard shad tests - rectangul ar I nflatable seal 

Approx imate 
sampl e s t ze 

Eggs Larvae 

10 ,000 
10,000 
10 .000 

Whole  
eggs 

0 
0 
0 

Number of organ isms re_covered In pl ankton net 
Egg Damaged Whole  Head less  Damaged 

cases eggs l arv ae l arvae larvae 

0 
0 
0 

0 
0 
0 

Stain 

To1u1d 1ne blue 0 
Neutral  red 
fast green 
Tolu id i ne bl ue 0 
Neutra l red 
Neutra l  red 
To l ui d i ne b l ue 0 
F ast green 

Statn 

Neutral red 
fast green 
Neutral red 

Source 

Colorado 
Co lorado 
Colorado 
Co lorc1do 
Co lorado 
Co lorado 
Co lorado 
Color ado 

Source 

Colorado 
Colorado 
Colorado 
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TO 

�IONAL FOIi• ... o. 1 0  
.IULY 1•7� EDITION 
GDA P'PMA C41 Cl' '!'I 1 0 1 . C  1 .6 

UNITED STATES GOVERNMENT 

Memorandum 
Memorandum 
Laboratory Testing Coordinator, McClusky Canal 

Fish Screen Studies 

Denver , Colorado 
DATE: December 2, 1980 

FROM Stephen J.  Grabowski , Research Fishery Biologist 

SUBJECT: A Photographic Method to Measure Fish Eggs 

INTRODUCTION 

Consultants to the McClusky Canal Fish Screen Task Force recommended measuring 
freshly spawned eggs of the four critical fish species (rainbow smelt, Utah 
chub , common carp, and gizzard shad) to determine egg size of one species in 
relation to other species and to the openings in the wire cloth fish screen. 
Measurements could be obtained using a microscope equipped with an ocular 
micrometer, but this is a time-consuming process. Fish eggs imbibe water 
during water hardening and generally increase in size up to the time of 
hatching . Since all freshly spawned eggs could not be measured simultaneously, 
the eggs measured early would be smaller in average diameter than eg9s 
measured later. Recently spawned eggs should then be the smallest and most 
critical size that would chal lenge a fish screen. 

To provide an accurate and rapid method for determining the diameter of 
recently spawned fish eggs , a photographic method was developed. The 
concept was based on the procedure used to photograph the screen material 
used at the field test facility. Details of the developmental process will 
be covered in another report . 

METHODS AND MATERIAL 

Suitable photographic equipment for use in photographing fish eggs and 
larv ae was suggested by E&R Center photographers and included a Nikon FM 
camera body, a 55-mm, f/3 .5  micro lens, two Nikon PK-13 lens extension 
tubes , and a Viv itar 215 flasn unit. A 1/4-inch piece of white plexiglass 
on top of the flash unit served to diffuse the fl ash. The laboratory shops 
fabricated a suitable copy stand which allowed the placement of the flash 
unit 7 inches below the bottom of a stage made of 1/4-inch wh i te plexiglass. 
Fish eggs were placed on a clean glass 1- by 3-inch microscope slide and 
placed on the stage. When the eggs were in focus, the distance from the 
eggs to the end of the micro lens was about 1-5/8 inches. A 5-nm round 
ocular micrometer was placed next to the slide on the stage. About one-third 
of the micrometer disk was ground off parall el with the scale to increase 
the area of the microscope slide that could hold fish eggs and thus increase 
the sample size (fig. 1) . S i nce the thickness of the glass slide and the 
micrometer disk were similar , the plane of the micrometer scale was approxi-imately the same as the plane of the fish eggs . 

. 
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Ilford FP4 black-and-wh ite f ilm, ASA 125, was used almost exclusively for 
photographi ng the f ish eggs. On a few occasi ons Kodak PX 135 Plus-X pan 
film, ASA 125, was used. Generally, 8- by 10- i nch photographic enlargements 
made from the Ilford f ilm were sharper and clearer than those from Kodak 
film. Shutter speed was always kept at 1/60 second, and three photographs 
of each set of eggs were taken at F/22, F/16, and F/11 to bracket the correct 
exposure. A record of each photograph contai ni ng essenti al i nformati on was 
maintai ned. Magnif ication of eggs and scale was about 12-13 t imes. Contact 
sheets were made of all photographs and the most sui table exposures were 
selected for enlargement. 

A fine-poi nt pai r of mechanics d iv iders were used to measure the d iameter of 
fish eggs on the 8- by 10- inch enlargements. The po i nts of the d ividers were 
placed across the egg be ing measured. When the opening of the d iv iders was 
exactly the d i ameter of the egg, the openi ng width was measured d i rectly 
from the enlarged 5-nm scale i n  the photograph. Th i s  value was recorded as 
the d iameter of that egg. Uncrowded, undistorted, 11normal looki ng11 eggs 
were measured by th is  procedure. 

To ver ify the accuracy of the enlargements and, therefore, of the method, 
30 grade 25 chrome steel balls, 1/16 i nch (0.0625 i nch = 1. 5875 mm) i n  
diameter were photographed (f i g. 2), then three i nd i v iduals independently 
measured the d iameters of the steel balls from 8- by 10- i nch photograph ic 
enlargements. They also measured the steel balls us ing a Bausch and Lomb 
b i nocular d issecti ng m icroscope equi pped with a 0.0 to 0. 2 ocular micrometer 
cal i brated so that 0. 20 = 2.0 mn. 

RESULTS AND D ISCUSS IONS 

Eggs from three spec ies of f ish (rai nbow smelt, Utah chub, and corrmon carp) 
were measured. No gi zzard shad eggs were measured. 

Freshly spawned rai nbow smelt eggs averaged 0.82-mm to 0. 93-rnn in  d i ameter. 
In fish from Parshall Bay, North Dakota (f ig. 3) , sl ight correlati on of 
average egg d i ameter wi th size of female was apparent. One large female 
from Beaver Bay had eggs smaller i n  d iameter than expected from those 
measured from Parshall Bay (table 1) . Eggs that had been i ncubat ing on 
burlap were larger than freshly spawned eggs. A 30-m i nute t ime seri es of 
photographs taken of fertil i zed eggs of a 180-rrm Beaver Bay female smelt 
showed that the egg d i ameter increased from 0.98 to 1.06 mm dur ing the 
30-minute per iod (table 2) . 

Freshly spawned Utah chub eggs (f ig. 4) were generally larger than rai nbow 
smelt eggs. Chub eggs averaged from 0. 99 to 1. 34 mm in d iameter among eggs 
spawned from chub collected i n  Flaming Gorge Reservoi r  in m id-May 1980 
(table 3) . The lot of eggs that averaged 0.99 rrm in 'd iameter contained some 
eggs that were not completely ri pe, which may have reduced the average 
d iameter somewhat. 

The d iameter of eggs from several Flaming Gorge Reservoi r  and Hebgen Lake 
Utah chub held over the winter i n  the laboratory and spawned i n  March 1980 
averaged from 1. 28 to 1. 41 mn (table 4) . 

. 3  
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F i gure 2 .  Chrome steel bal l s  and 5-mm scal e .  Bal l  d i ameter 1 . 5875 nm .  
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Ferti l i zed eggs of a recently spawned Parsha l l  Bay , 
North Dakota sme l t .  



���-�1·· �: 

.q. 

\ 

-;;r -- I 
- i� � 

.. · . . .c-;.--

0 
.µ 

S,.. 
0 

•r-s.. 
0. 

Vl 
a, 

.µ 
::, 
C: 

•r-
e 

N 

-0 
a, 

i 
ttl a. 
Vl 

Vl 
Cl 
Cl 
a, 

.c 
::, .c 
u 
.c 
ttl 
.µ 
::, . 
-0 g, 
a, .,.. 
N .C  .,.. a. 

- ttl 
•,- S,.. 
.µ Cl 
S,.. 0 
a, .µ  

4- 0  
C: .c 

::, 0. 

a, 
' $... 

Cl 
.,-
LL 



Table 1. - Average diameter and range of eggs 
of several rai nbow smelt 

D i ameter 
Date Source Length ( range) n 

Apr i l  12 Beaver Bay, 173 0.85 40 
North Dakota (0. 75-0. 95) 

Apr il  24 Parshall Bay, 137 0.82 10 
North Dakota (0.75-0.85) 

143 0.80 15 
(0. 75-0. 90) 

143 0.84 20 
(0.80-0. 90) 

146 0. 90 10 
(0. 90) 

146 0. 93 10 
(0. 90-0. 95) 

May 2 Vermont {on burlap) 1.01 20 
(0. 90-1.15) 

May 14 Beaver Bay, 1.09 20 
North Dakota ( 0. 95-1. 15) 
(on burlap) 

7 



Tab le  2. - Increase in  d iameter of fert i l i zed smel t eggs 
over a 30 mi nute per i od. Femal e = 180 mm in  length 

Egg d iameter 
Date Time ( range) n 

April 12 1248 0.98 20 
(0.90-1.05) 

1254 0. 98 20 
(0.85-1.05) 

1306 0.98 30 
(0. 90-1.05) 

1311 1.02 30 
( 0. 95-1. 10) 

1318 1.06 30 
( 1 .00-1.10) 

8 



. 
Tabl e  3. - Average diameter and range of eggs 
of several Flaming Gorge Reservoir Utah chub 

Length Mass Diameter 
Date (m } (g ) (range) n 

April 28 230 178 1.08 20 
(0.95-1.25 ) 

245 201 1.01 
(0.95-1.10 ) 

245 244 1.16 20 
(1.05-1.30 ) 

April 29 200 124 0.99 15 
(0. 95-1.05 )  

210 172 1.24 20 
(1.15-1.30 ) 

220 155 1.34 20 
(1.10-1.65 ) 

232 197 1.23 20 
(1.15-1.30 ) 

9 



Table 4. - Average diameter and range of eggs from several Utah 
chub induced to spawn in the laboratory in March 1980 

Source Length Egg diameter 
Date (mm) (nm)  ( range) n 

-
March 25 Hebgen Lake 290 1.41 20 

( 1.30-1.55) 

March 19 Flaming Gorge 246 1.28 10 
Reservoir (1.05-1.50) 

250 1.37 15 
( 1.15-1.60) 

265 1.40 10 
( 1.35-1.45) 

10 



These chub had been subjected to wintertime temperature and photoperiod condi
tions in the laboratory for about 3 months, then subj ected to springtime 
temperature and photoperiod conditions, and were induced to spawn in mid
March by using injections of carp pituitary and clomiphene citrate. The 
fish held over the winter were larger than the fish col lected in May in 
Flaming Gorge Reservoir. Egg diameter was also greater. Among these four chub 
the longer fish had a larger average egg diameter. 

Freshly spawned carp eggs (fig. 5) were also larger in average diameter than 
rainbow smelt eggs. Average diameter of eggs from several carp measured in 
early June ranged from 1. 11 to 1. 35 nm (table 5) . The lengths of these carp 
were inadvertently not recorded. 

Table 5.  - Average diameter and range of eggs 
of three carp measured in June 1980. 

Egg diameter 
Date (range) n 

June 3 1.35 15 
(1.25-1.45) 

June 3 1. 11 25 
( 1.00-1. 20) 

June 10 1.31 · so 

(1. 20-1. 45) 

We were not able to photograph any freshly spawned gizzard shad eggs this 
year . We had received some threadfin shad eggs from personnel at Oak Ridge 
National Laboratory, but these eggs were nearly ready to hatch and, therefore 
not recently spawned. We will attempt to photograph freshly spawned 
gizzard shad eggs from fish collected in several locations in 1981. 

Thirty steel balls were measured independently by three individuals from an 
8- by 10-inch photographic enlargement as well as with a microscope. The 
nominal size of the steel balls was 1.5875 mm. The size obtained by micro
scopic measurement ranged from 1.581 to 1. 590 mm, while the size obtained 
from the 8- by 10-inch enl arganent ranged from 1.588 to 1.597 mm ( table 6 ) . 

The average diameter of chrome steel balls measured under the microscope was 
nearly identical with the nominal size stated by the manufacturer. The 
average diameter measured from an 8- by 10-inch photographic enlargement was 
0.37 percent greater than the manufacturer ' s  stated size. This photograph ic  
method of measuring the diameter of  fish eggs or the size of other small 
obj ects seems to be a val id approach. 

11 
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Figure 5 .  Unferti l i zed carp eggs spawned 3 mi nutes prior to 
photograph i ng .  



Table 6. - Comparison of the average diameter of 30 grade 25 chrome 
steel balls measured independently by three individuals using 
a microscope and the 8- by 10-inch photographic enlargement. 

I ndividual 

1 
2 
3 

Nominal ball diameter = 1 .5875 mm 

MicrosCOJ:!e 
x (nm) Range (nm ) 

1.590 
1.581 
1.591 

1.587 

1.58- 1. 60 
1.58- 1. 59 
1.58-1. 60 
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Photogr�h 
x (mn) Range (nnn ) 

1.588 
1. 595 
1.597 

1.593 

1.57- 1. 60 
1.58- 1. 62 
1.59-1. 60 


