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ESTABLISHMENT OF A 

NATIONAL FISH AGING FACILITY 

AT THE MARINE SCIENCE AND FISHERIES CENTER 

AND TRAINING OF ITS PERSONNEL 

I. INTRODUCTION 

By agreement with Chemonics Industries Incorporated (International Consulting Division), 
Dr. Brothers was engaged as a fish aging specialist for the Oman Fisheries Development and 
Management Project. The scope of work for this short-term technical assistance involved 
the establishment of a fish aging laboratory at the Marine Science and Fisheries Center and 
the training of personnel for the facility. The specific tasks stipulated for the first of two 
visits were: 

1. to advise on the equipment and staff skills required for a facility to age selected 
species of fish; 

2. to assist in set-up of the laboratory and testing equipment; 
3. to provide Operational Skills Training (OST) in the preparation of fish samples for 

aging; 
4. to provide introductory training in techniques for aging fish, using samples of hard 

tissues as appropriate. 
5. to provide guidance on the continuing operation of the facility; and 
6. to produce a draft report summarizing specific activities and results to date, the 

current status of the laboratory and personnel, and recommendations for the future. 

The initial phase of the consultancy commenced on June 30, 1993 and ended on July 31, 
1993. The objectives listed above have been carried out and results are summarized in this 
report. 

In addition to the discussion of activities undertaken, this report contains additional 
information in four appendices. Appendix 1 contains the scope of work for this consultancy; 
Appendix 2 contains a list of required and optional equipment and supplies, as well as 
selected pages from the catalogue of the Edmund Scientific Company, with recommended 
items marked; Appendix 3 contains advice for maintenance of laboratory equipment and 
replenishment of supplies; and Appendix 4 contains a brief description of procedures for the 
preparation and storage of samples. 
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Il. TRAINING 

A. Assigned Staff 

Four staff members of the Marine Science and Fisheries Center were assigned to participate 
in the Fish Aging Traineeship. The trainees attended daily lectures and discussions as well 
as laboratory demonstrations and exercises. Each participant was also assigned to work up 
a series of samples for particular species of interest. 

1. 

2. 

3. 

4. 

NAME & DEGREE 

Mariam Mohammed Ali al-Bulushi 
B.Sc., Qatar University 

Sabra Mohamed Hilal al-Harthy 
B.Sc., Sultan Qaboos University 

Mohammed Hamdan al-Hijri 
Secondary degree 

Abdulla al-Assami 
Oregon State University 

2 

SPECIES OF INTEREST 

Sardine/la longiceps 
(Indian oil sardinella) 

Lethrinus nebulosus 
(spangled emperor) 

Selar crumenopthalmus 
(bigeye scad) 

Thunnus tonggol 
Oongtail tuna) 

Scomberomorus commerson 
(kingfish) 
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B. Training/Work Schedule 

DAY DATE 

1 June 30 
2 July 01 
3 July 02 
4 July 03 

5 July 04 
6 July 05 

7 July 06 

8 July 07 

9 July 08 

10 July 09 
11 July 10 

12 July 11 

13 July 12 
14 July 13 

15 July 14 

16 July 15 
17 July 16 
18 July 17 

19 July 18 

20 July 19 

21 July 20 

22 July 21 

23 July 22 

24 July 23 
25 July 24 

26 July 25 
27 July 26 
28 July 27 

29 July 28 
30 July 29 
31 July 30 
32 July 31 

ACTIVITY 

Travel 
Arrival; meet with Dr. Dorr 
Friday: day off 
Meet with al-Abdessalam, Dorr, Thomas, and Cremer; student 
introductions; unpack and set up equipment 
Holiday: U.S. Independence Day 
Course preparation; set up equipment; purchase materials, 
introduce class to equipment 
Instruction on equipment; microscope set-up and additional supplies 
procured 
Introductory lecture; terminology; demonstrations of tuna and 
kingfish otolith preparations; macro- and microstructure studies 
Thursday: no class; preparation of instructional materials; organize 
laboratory 
Friday: day off 
Purchase fish at market; otolith removal and cleaning; examination 
of sardine samples 
Otolith; morphology, terminology, history, applications; sample 
preparation and morphology demonstrations 
Study design, lab requirements, sampling; epoxy mounting 
Marginal increment analysis, vocabulary, review readings; grinding 
and polishing sardine otolith mounts 
Storage, otolith structure; sectioning, embedding and reading of 
sardine and squid samples 
Thursday: no class; preparing and aging sardine samples 
Friday: day off 
Plan for preliminary examinations, measurement and weighing, 
otolith growth patterns; sectioning with the diamond saw 
Preparation and comparison for light and electron microscopy; 
bigeye scad dissection and preparation 
Discussion of preparation techniques; examples of light and 
electron microscope views; tuna and emperor preparations 
Review of preparation and morphology; slide show; practice 
sectioning 
Fish market: cuttlefish, small sardines, bonito; micro- and 
macrostructural interpretation; continue practice on sectioning, 
polishing and reading 
Thursday: no class; prepare otolith samples for scad, sardine, 
squid, cuttlefish, and emperor 
Friday: day off 
More fish from market; interpretation and analysis of microscope 
images; preparation of additional samples 
Validation; preparation and reading of samples 
Validation (continued); preparation and reading of samples 
Meeting with al-Abdessalam, Dorr, and Thomas; image 
enhancement and analysis (demonstration);* photography;- otolith 
extraction from larval fish;- final preparations and reading 
Acetate replicas; final review; slide show 
Thursday: no class; clean up 
Friday: day off; departure 
Travel 

·Those attending also included J. Dorr, A. al-Qasmi, A. al-Aisry, M. al-Riyami, M. al-1..awatiya, M. Thangarija, and L. al-Kharusi. 
- Those attending also included M. Thangarija, A. al-Qasmi, A. al-Aisry, and M. al-Riyami 

3 
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C. Attendance 

The training course met at the MSFC from 8:00 to 14:30 on all working days (Saturday­
Wednesday). Attendance by the trainees was expected for all lecture and laboratory sessions. 
This was not always possible however, as the trainees were also MSFC staff and had 
additional responsibilities or concurrent courses which could not be cancelled for the four 
week duration of the fish aging program. A total of nineteen days were allotted for "class" 
time. The four students averaged fourteen days in actual attendance (range: 12.5 -14.5). 

D. Syllabus: Introduction to the Study of Otolitb Microstructure for Age 
Determination of Fish 

Course topics were covered in lectures and informal discussions and highlighted examples 
from fishes of Oman. Lecture topics included otolith function, morphology and growth 
patterns; study design; applications; sampling; preservation and storage; preliminary 
examination and measurement; micro- and macrostructural analysis and validation. 

Practical instruction included extensive "hands on" experience by the trainees. Laboratory 
demonstration and exercises included: introduction to microscopes; grinding, polishing, and 
sectioning equipment and materials; embedding procedures; dissection of otoliths from 
larvae, juveniles, and adults; preparing and interpreting lapilli; counting and interpreting 
microstructure; data analysis; and photo-documentation. Each trainee prepared a sample 
series for a species of interest and made preliminary age determinations. 

Objective: To enable participants to learn techniques, develop skills and acquire experience for otolith 
microstructure studies, including: 

1. Development of study plan; 
2. Collection and preparation of samples; 
3. Measurement, interpretation, and analysis; 
4. Presentation of results. 

I. Introduction 
A. Advantages and disadvantages of various methods used in age and growth studies of fishes; 
B. Historical review and development of otolith microstructural techniques; 
C. Otolith morphology and terminology; 
D. Applications and study design; 
E. Laboratory requirements; equipment and materials. 

m. Development of skills required for analysis of larval, juvenile, and adult otoliths by light (and 
electron) microscopy 

A. Sampling 
1. Selection, bias, and "blind" reading 
2. Preservation and storage of fish 
3. Dissection, cleaning, and storage of otoliths (lapilli, sagittae, and asterisci) 

4 
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ill. Development of Skills Required for Analysis {cont'd) 
B. Preliminary examination 

1. Otolith morphology and growth pattern 
2. Measurements: mass and dimensions 
3. Macrostructure; opaque and translucent zones and presumptive annual marks 
4. Determination of grinding and sectioning planes 

C. Otolith preparation for microscopic examination 
1. Light microscopy: introduction; advantages and limitations 

a. Whole mounts: larvae and juveniles 
b. Ground and polished sections 
c. Embedding and sectioning 
d. Replicas 

(OPTINAL) 
2. Scanning Electron Microscopy: introduction; advantages and limitations 

a. Etching 
b. Viewing modes and operating conditions 
c. X-ray probe information; EDS and WDS 

D. Observation 
1. Light microscopy: lighting, polarization, video system, image enhancement and analysis 
2. Microstructural terminology and features 
3. Counting and extrapolation; axis selection; common errors and optical artifacts 
4. Sagittae versus lapilli or asterisci 

ill. Analysis 
A. Daily and subdaily increments 
B. Interruptions, irregularities and incomplete records 
C. Seasonal patterns 
D. Correlation of macro- and microstructural patterns 
E. Initiation and increment deposition 
F. Age and growth rate 

1. Comparing and/or combining with population data 
2. Stratification by sex, locality, and time of collection 
3. Selection of a growth model and software for curve fitting and determination of parameters 
4. Integration with otolith mass and dimensional data 

G. Back-calculation of growth history 
H. Determination of spawning dates 
I. Life history interpretation 
J. Environmental influences 

IV. Validation 
A. Validation and verification: accuracy and precision 
B. Methods and levels of certainty 

1. Known age 
2. Otolith marks: induced and natural 
3. Temporal spawning and distribution 
4. Comparison with ages determined by other "validated" techniques 
5. Identification of seasonal or other signature patterns 
6. Marginal increment analysis {macro- and microstructural) 
7. Sequential sampling of cohorts 

C. Exchanges, "blind counts," multiple readers, and sample rejection 
V. Presentation and Documentation 

A. Photography 
B. Reports 

1. Graphic presentations 

5 
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E. Training Materials 

1. Handouts and Reading 

a. 
b. 
c. 

d. 

e. 

Class schedule 
Topic outline 
Brothers, E.B. 1987. Methodological approaches to the examination of otoliths in 
aging studies. In: Summerfelt, R.C.; Hall, G.E., eds. Age and growth of fish. Ames: 
Iowa State University: p. 319-330. 
Stevenson, D.K.; Campana, S.E. eds. 1992. Otolith microstructure examination and 
analysis. (Canadian Special Publication of Fisheries and Aquatic Science; 117.) 
Secor, D.H.; Dean, J.M.; Laban, E.H. 1991. Manual for otolith removal and 
preparation for microstructure examination. Columbia: University of South Carolina. 
(Baruch Institute technical report; 91-1.) 

2. Reprints Given to the MSFC Library 

a. 

b. 

c. 

d. 

e. 
to 

f. 

g. 

h. 

Beckman, D. W; Wilson, C.A. (n.d.) Age and growth of red drum, Sciaenops 
ocellatus, from offshore waters of the northern Gulf of Mexico. Fishery Bulletin, 
U.S. 87:17-28. 

Brothers, E. B. 1990. Otolith marking. American Fisheries Society Symposium, 
7: 183-202. (2 copies) 

Brothers, E. B. (n.d.) Summary of round table discussion on validation. In: Prince, 
E.D.; Pulos, L.M., eds. Proceedings of the international workshop on age 
determination of oceanic pelagic fishes: tunas, billfishes, and sharks. NOAA 
Technical Report NMFS 8: p. 35-40. 

Brothers, E. B. 1987. Methodological approaches to the examination of otoliths 
in aging studies. In: Summerfelt, R.C.; Hall, G.E. eds. The age and growth of fish. 
Ames: Iowa State University Press: p. 319-330. 

Brothers, E.B.; Mathews, C.P. 1987. Application of Otolith microstructural studies 
age determination of some commercially valuable fish of the Arabian Gulf. Kuwait 
Bulletin of Marine Science 9:127-157. 

Brothers, E. B.; McFarland, W.N. (n.d.). Correlations between otolith 
microstructure, growth, and life history transitions in newly recruited French grunts 
[Haemulonflavolineatum (Desmarest), Haemulidae]. Rapports et Proces-Verbauz des 
Reunions 178: 369-374. (The early life history of fish: recent studies.) 

Brothers, E.B.; Prince,E. D.; Lee, D.W. (n.d.) Age and growth of young-of-the­
year bluefin tuna Thunnus thynnus from otolith microstructure. In: Prince & Pulos 
eds. op.cit. (see c above): p. 49-59. 

Campana, S. E. 1990. How reliable are growth back-calculations based on otoliths? 
Canadian Journal of Fisheries and Aquatic Science 47:2219-2227. 
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i. Campana, S. E.; Neilson, J. D. 1985. Microstructure of fish otoliths. Canadian 
· Journal of Fisheries and Aquatic Sciences 42(5): 1014-1032. 

j. Collins, M.A.; Schmidt, D.J.; Waltz, C. W.; Pickney, J.L. (n.d.) Age and growth 
of king mackerel, Scombenomorus caval/a, from the Atlantic coast of the United 
States.," Fishery Bulletin, U.S. 87: 49-61. 

k. Continental Shelf Associates, Inc. 1992. Age growth and reproduction ofbigeye scad 
Selar crumenophthamus in southeastern Florida waters. Unpublished draft. 

I. Dalzell, P; Penaflor, G. 1989. The fisheries biology of big-eyed scad, Selar 
crumenophthalmus (Bloch), in the Philippines. Asian Fisheries Science 3: 115-131. 

m. De Vries, D.; Grimes, C.B.; Lang, K. L.; White, D. B. 1990. Age and growth of 
king and Spanish mackerel larvae and juveniles from the Gulf of Mexico and U.S. 
South Atlantic bight. Environmental Biology of Fishes, 29: 135-143. 

n. Fable, W. A.; Johnson, A. G.; Barger, L.E. 1987. Age and growth of Spanish 
mackerel, Scomberomorus maculatus, from Florida and the Gulf of Mexico. Fishery 
Bulletin 85(4): 777-783. 

o. Gj0saeter, J.; Dayaratne, P.; Bergstad, O.A.; Gj0saeter,H.; Sousa, M.I.; Beck, l.M. 
1984. Ageing tropical fish by growth rings in the otoliths. PAO Fisheries Circular 
776. 

p. Hales, L. S. 1987. Distribution, abundance, reproduction, food habits, age, and 
growth of round scad, Decapterus punctatus, in the South Atlantic Bight," Fishery 
Bulletin 85(2):251-268. 

q. Johnson, A.G.; Fable, W.A.; Williams, M. L.; Barger, L. E. 1983. Age growth and 
mortality of king mackerel Scomberomorus cavalla, from the southeastern United 
States. Fishery Bulletin 81(1):97-106. 

r. Jones, Cynthia; Brothers, E.B. 1987. Validation of the otolith increment: aging 
technique for striped bass, Marone saxatilis, larvae reared under suboptimal feeding 
conditions. Fishery Bulletin 85(2): 171-178. (2 copies) 

s. Keener, P.; Johnson, G.D.; Stender, B.W.; Brothers, E.B.; Beatty, H.R. 1988. 
Ingress of postlarval gag, Mycteroperca microlepis, (Pisces: Serranidae) through a 
South Carolina barrier island inlet. Bulletin of Marine Science 42(3): 376-396. 

t. McFarland, W. N.; Brothers, E.B.; Ogden, J.C.; Shulman, M.J.; Bermingham, E. 
L.; Kotdhian-Prentiss, N.M. 1985. Recruitment patterns in young French grunts, 
Haemulonjlavolineatum (Family Haemulidae), at St. Croix, Virgin Islands. Fishery 
Bulletin 83(3):413-426. 

u. McPherson, G.R. 1992. Age and growth of the narrow-barred Spanish mackerel 
(Scomberomorus commerson Lacepede, 1800) in north-eastern Queensland waters. 
Australian Journal of Marine and Freshwater Research 43: 1269-82 

7 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

v. 

w. 

x. 

y. 

z. 

Prince, E. D.; Lee, D. W.; Zweifeld, R.; Brothers, E. B. 1991. Estimating age and 
growth of young Atlantic blue marlin, Makaira nigricans, from otolith 
microstructure. Fishery Bulletin, U.S. 89: 441-459. 

Ralston, S.V.; Williams,H.A. 1988. Depth distribution, growth, and mortality of 
deep slope fishes from the Mariana Archipelago. NOAA Technical Memorandum 
NMFS-SWFC-113. 

Sturm, M. G. de L.; Salter, P. 1990. Age, growth, and reproduction of the king 
mackerel Scomberomorus cavalla (Cuvier) in Trinidad waters. Fishery Bulletin 
88(2):361-370. 

Sutter, F. C.; Williams, R.O.; Godcharles, M.F. 1991. Growth and mortality of king 
mackerel, Scomberomorus cavalla, tagged in the southeastern United States. Fisheries 
Bulletin U.S. 89:733-737. 

Thresher, R. E.; Brothers, E.B. 1989. Evidence of intra- and inter-oceanic regional 
differences in the life history of reef-associated fishes. Marine Ecology Progress 
Series 57: 187-205. 

aa. Thresher, R. E.; Brothers, E. B. 1985. Reproductive ecology and biogeography of 
lndo-West Pacific angelfishes (Pisces: Pomacanthidae). Evolution 39(4):878-887. 

F. Evaluation of Trainee Capabilities and Performance 

The educational background of the four trainees varied from a secondary degree to B.S. 
degrees in fisheries and biological sciences. All had some additional practical experience as 
working staff at the MSFC. English language skills were adequate for oral communication 
in "lecture" or one-on-one situations. I'm sure, however, that much information went by 
without being assimilated. I was particularly struck by the very sparse to nonexistent notes 
that were taken by all of the trainees. This may be the result of the need to focus all 
attention on the spoken word without the additional distraction of trying to write at the same 
time. I also observed that the trainees need to develop further their ability to deal with 
technical writing in English. I don't think that nearly enough effort was expended on reading 
the assigned articles in the Stevenson and Campana book. Again this was probably because 
of deficiencies in English language abilities; this problem needs to be addressed if the staff 
is to become fully aware of the current state of knowledge in the field. Time was short and 
a great deal of information and technical skills were covered in the four weeks of the 
traineeship. I am sure that the knowledge transfer would have been further enhanced if some 
of the trainees had greater English and quantitative proficiency. 

All participants gained a working knowledge of otolith morphology and growth patterns, 
micro- and macrostructure terminology, preparation techniques, and examination and analysis 
procedures. They are capable of operating all of the equipment in the laboratory. The 
trainees are fully prepared to serve in a technical capacity to collect and prepare specimens 
under the supervision of senior staff. With suitable guidance, they should be able to initiate 
a new study and determine the approach and specific preparation techniques required for a 
particular species. At this point in time their most serious deficiency concerns interpretive 
abilities and the ability to integrate results into a quantitative framework and the existing 
literature. Additional experience and practice will result in considerable improvement in 
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speed and interpretive skills. Many of the techniques require significant manual dexterity, 
critical judgement, and the ability to optimize the performance of the compound light 
microscope. All of the trainees need considerably more practice with the microscope. 

Successful microstructure analysis and aging requires that particular criteria be met at certain 
procedural stages: e.g., finding the optimal sectioning axis, grinding level, lighting, viewing 
conditions, etc. The trainees are aware of alternative pathways and conditions, but need to 
develop their ability to decide when and how to apply them as they work through novel 
situations or originate studies on new species. The Marine Science and Fisheries Center 
personnel now have the training and equipment to do sophisticated aging studies and they 
should be encouraged to exercise and develop their newly learned skills. At the same time, 
it is also strongly advisable for them to have their progress and output reviewed by MSFC 
senior staff and experienced otolith researchers. The latter could be accomplished by 
exchange of specimens, photographs, images on disk, and videotapes as well as by on-site 
observation. 

G. Recommendations for Training and Future Skill Requirements 

The relatively small number of samples prepared and analyzed during the course of the 
traineeship should be considered preliminary and the data provisional. Validation is still 
required and must be included in any final presentation of aging for stock assessment. 
Interpretation and analysis of otolith microstructural features and presumptive annual zones 
was based solely on the extensive experience of Dr. Brothers and on the close structural 
coincidence of otolith microstructural features examined, and validated daily rings and annual 
marks, with related species from the Arabian Gulf and other tropical waters. There are some 
significant areas of interpretive uncertainty with respect to both micro- and macrostructural 
features in particular species. Validation studies are the most important need in future 
investigations. 

The traineeship has emphasized the development of specific methods of otolith preparation 
and examination unique to each of several species or species groups. Counting of 
microstructural increments and presumptive annuli has stressed consistency and verification 
with results from an experienced reader. Continued data set development will require the 
validation studies noted above, plus collection, preparation, and reading otoliths from a 
carefully designed sampling scheme. Quantification of results and parameter estimation 
should follow in the next phase. 

The training program should continue uninterrupted in order to maintain and build upon the 
current skill level of the MSFC staff. The most obvious and basic need for all the trainees 
is practice and more practice. Building up a collection of prepared otolith samples is the first 
step, followed by a great deal of time looking and counting with the compound light 
microscope and video system. Samples should at least attempt to span the size range of the 
species, with the sex, collection date, and locality determined to the greatest degree possible. 
Since routine collection for some species may be based on the availability of heads only, an 
effort should be made to develop predictive regressions for body length and weight based on 
head morphometry. Otoliths should also be cleaned, weighed, and measured before 
embedding and sectioning. These data will likely prove to be useful as the studies progress. 
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All of the above activities may be regarded as practice and a continuation of the training 
process, as well as the initiation of data set development. The next phase of the program 
would be "quality control" of preparations and comparison of results (counts) by an 
experienced otolith researcher. As this is accomplished, more formal validation experiments 
and/ studies may be planned and carried forward. As noted earlier, the trainees should 
possess the basic skills necessary to follow this plan, but careful supervision by a senior 
scientist is definitely advisable. Future skill requirements would include training in: 

1. 
2. 
3. 

4. 

use of the Scanning Electron Microscope (SEM) for otolith microstructural work; 
computer-based image enhancement and quantitative image analysis; 
spreadsheets and computer-based data analysis of age and growth data using packages 
such as ELEFAN, FISHPARM, and LFSA; and 
basic fish biology and fisheries science, especially stock assessment. 

H. Advice on Other Appropriate Training and Institutions. 

Continuing education to augment the capabilities of the nascent MSFC fish aging laboratory 
should aim at producing broadly trained fisheries biologists with good quantitative and 
computer skills. This is the ideal base level for persons involved in fish aging, since 
thoughtful interpretation and data analysis often involves consideration of many aspects of 
fish biology. There are a number of excellent university level programs in fisheries and/or 
fish biology. For English-speaking students, the U.S., Canada, and Australia offer many 
possibilities. To identify those institutions with a particular strength in otolith studies, it is 
a simple matter to peruse the recent literature or examine the list of conveners and organizers 
of the recent International Otolith Conference. 

Tasks specific to aging methodology (e.g. see the previous section) can be learned on a 
tutorial basis either in Oman or overseas. The possible pool of "experts" could include 
scientists from universities, government agencies, private consultants, and the technical staff 
of software manufacturers. This is probably a cost effective and efficient approach, but it will 
be most effective for students who have already attained a moderately high level of biological 
and quantitative sophistication. Specific areas of needed training can be identified and 
modified to target species of particular interest. A more formal university setting is generally 
not as flexible or adaptable in timing and content. Although lectures, discussion groups, and 
demonstrations can be easily organized for even moderately sized groups, a severe limitation 
is imposed by the availability of equipment when students are expected to gain considerable 
"hands on" experience. 

ID. TECHNICAL ACTIVITIES 

A. Laboratory Preparation and Status 

The Marine Science and Fisheries Center has acquired all of the basic equipment and 
materials to carry out otolith aging studies. The capability of the laboratory encompasses 
otolith removal from all life stages; embedding, thin sectioning, grinding, and polishing of 
samples (also for mollusc shells and other hard parts); macroscopic and microscopic 
examination of whole and sectioned samples; age determination (counting microincrements 
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and annuli); measurement; and preliminary data analysis (using software packages available 
on MSFC computers). The major deficit is the lack of capability to examine microstructural 
features of less than 1 µm. SEM instrumentation is required at this level of resolution. 
Efforts should be made to make the SEM at Sultan Qaboos University available to MSFC 
staff. Inquiries should also be made on the availability of a fluorescence (incident light) 
microscope. This could be useful for observing certain chemical markers in the otolith. 

Existing equipment includes the following: 

1. Binocular dissecting microscope with measuring reticule and photo tube 
2. Illuminators for dissecting microscope; Nicholas type and fiber optic 
3. Compound/oil immersion trinocular light microscope equipped for video 

microscopy and polarized light illumination 
4. High resolution CCD video camera 
5. Black and white video monitor (9") 
6. Isomet slow speed diamond wafering saw 
7. Two motorized, variable speed grinding and polishing wheels 
8. High speed diamond trimming saw 
9. Curing oven 
10. Fume hood equipped laboratory 
11. Ultrasonic bath 

In addition to the above, two electronic balances were borrowed for use in the laboratory. 
One, with a sensitivity of 1 mg is used for weighing chemicals. The other, with a sensitivity 
of 0.1 mg was used for weighing otoliths, but this was inadequate for the smaller species. 
A sensitivity of .01 or .001 mg is required. 

Expendable materials in the laboratory include: 

1. Diamond wafering blades for the slow speed and high speed saws 
2. Abrasive grinding discs and adhesive papers: 180, 400, 600, and 800 grit 
3. Polishing materials: Mastertex cloth, 3µm and lµm diamond paste. 
4. Spurr's and polyester embedding epoxy, molds, and silicon release agent 
5. Miscellaneous storage capsules, vials, glassware, plastic wash bottles, disposable 

gloves, etc. 
6. Dissecting tools: scalpels, forceps, probes, saw, pan 
7. Chemicals: acetone, hydrochloric acid, ethyl alcohol, sodium hypochlorite 

Several items should be obtained to improve or complete laboratory requirements. These are 
listed in Appendix 2. 

B. Work, Results, and Continued Activities on Species of Interest 

A total of 126 fish and shellfish were obtained from the Mutrah fish market and had their 
otoliths or statoliths removed and prepared for analysis. Most samples were given at least 
a preliminary examination and provisional ages could be assigned. The samples were 
primarily used to determine the optimal preparation procedure and for student practice. The 
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samples were not sexed and the size range represented was very limited. The following table 
summarizes the samples examined. 

Samples of Otoliths or Statoliths Examined 

SPECIES NUMBER 

1. Striped bonito 1 
2. Kingfish 12 
3. Longtail tuna 16 
4. Y ellowfin tuna 9 
5. Spangled emperor 9 
6. Indian oil sardinella 57 
7. Bigeye scad 10 
8. Ribbon fish 2 
9. Barracuda 1 
10. Cuttlefish 4 
11. Squid 5 

For future work on all species, the following should be considered: 

PROVISIONAL 
AGE RANGE 

< 6 months 
3-12 years 
1-4 years 
1-2 years 

3-14 years 
1-7 months 

0-1 year 
2 years 

? 
? 

< 6 months 

1. Data should be segregated by sex, season, and location. A significant effort should 
be made to sample the complete size range of each species. 

2. SEM observations should verify microstructural features near the limits of light 
microscope resolution. 

3. Rearing facilities (and the aquarium) should be employed to help with validation 
experiments. 

4. Some representative samples should be examined using electronic image enhancement 
and analysis instrumentation. This may aid in identification, counting, and 
measurement of both microstructural (daily) marks and annual zones. 

Early results on the different species have yielded the following observations and suggestions: 

1. Striped bonito Although only small individuals have been examined, the microstructural 
record in the sagitta and lapillus is very clear with minimal preparation of whole 
otoliths. 

2. Kingfish The otoliths of this species were studied more extensively by Brothers and 
Dudley. Presumptive annual zones can be seen in whole sagittae and in transverse 
sections. A detailed account of this species is in the 1990 report by Brothers (to 
Oregon State University). Microstructural information is particularly useful in 
identifying the first annual zone. 
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3. Longtail tuna The otoliths of this species were studied more extensively by Brothers and 
Dudley. Presumptive annual zones can be seen in whole sagittae and in oblique 
frontal sections. A detailed account of this species is in the 1990 report by Brothers 
(to Oregon State University). Microstructural information is particularly useful in 
identifying the first annual zone. Presumptive daily increments can be resolved with 
the light microscope for two or three years of growth. 

4. Yellowfin tuna The examples studied here were quite small and appeared to be 1-2 
years of age. An oblique frontal section was used for these fish and the 
microstructural record was clear. Large fish may require alternative sectioning 
planes. Yellowfin tuna aging by otolith microstructure has been validated for Eastern 
Pacific populations. 

5. Spangled emperor Transverse sections of sagittae show patterns completely consistent 
with validated daily increments and annual zones in related species and snappers from 
Kuwait and other tropical waters. Seasonal patterns of increment deposition (counts 
and width) support the hypothesis of daily deposition and annual interruptions. 
Microstructure analysis will be useful in identifying the first few annual zones. The 
annual deposition pattern in larger fish (transverse section) is clear and easy to read. 

6. Indian oil sardinella We had three size groups of fish which were best aged by counts 
of presumptive daily increments along a posterior/ventral radius in sagittae polished 
on the distal face. The fish ranged in age from just over one month to about six 
months. These ages, if correct, are in strong disagreement with previous attempts to 
age the fish by scale or vertebral rings. It should be noted that these latter attempts 
were not validated. Counting "daily" rings in some regions of the otoliths was 
difficult because of the apparent presence of numerous subdaily increments 
superimposed on the widely spaced daily pattern. Lapilli of smaller fish could be 
counted with the light microscope and results served to confirm our correct 
interpretation of the "daily" increments. More formal validation is clearly required 
for this species. The strong expression of subdaily increments (especially in the 
summer growth deposition) may be due to the sharp thermal gradients in the near­
surface and near-shore waters that this species frequents. Laboratory experiments 
could help to test this hypothesis. 

7. Bigeye scad Otoliths of this species have been studied in Atlantic and Pacific populations 
(see list of reprints given to the library). Microstructural aging of this species is 
fairly well supported. Preliminary ages determined for the two size groups examined 
in Oman suggest that early growth is faster than in Florida (U.S.) waters. Transverse 
sections of the sagittae were most useful for microincrement counts; after a year or 
less, however, age determination may have to depend on macrostructural annuli. 
Much more work is needed for this species, especially for older/larger individuals. 

8. Ribbonfish Lapilli, asterisci, and sagittae of the two individuals examined showed very 
clear microstructural records. Counts were possible to the otolith margin and total 
numbers of increments suggested ages of nearly two years. Aging of this species 
should be fairly easy. 
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9. Cuttlefish Statoliths, cuttlebone, and beaks were removed from several individuals. 
Small statoliths, a very coarse crystalline structure, and faint increments appear to 
make the statolith a poor choice for aging. Sections of the cuttlebone, especially the 
dense sharp posterior tip, with fine lamellae and wider opaque and translucent zones, 
shows more promise. Initial work should serve to verify that this portion of the 
cuttlebone continues to grow throughout life. If this proves correct, then further 
work is warranted. Validation by chemical marking of the cuttlebone would also be 
a worthwhile exercise. 

10. Squid Squid statoliths had remarkably clear increment records. Counts were possible 
to the margin. Daily deposition has been demonstrated in several species of squid 
from temperate waters. The Oman samples show excellent possibilities for statolith 
aging in sectioned or ground samples. Segregation by sex and extension of the size 
range sampled will be particularly important for squid. 
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APPENDIX I 

SCOPE OF WORK 

Specialist in the Age Determination of Tropical Fish 

Duration of Assignment 

One visit of one month during July-August 1993 to establish the laboratory, and a follow-up 
visit of one month in late 1993 to increase the analytical skills of Omani staff in aging fish 
samples. 

General Responsibilities 

To assist in the establishment of a National Fish Aging Facility at the Marine Science and 
Fisheries Center, and training of its personnel. 

Specific Responsibilities 

First Trip 

1. 

2. 

3. 

4. 

5. 

6. 

Advise on the equipment and staff skills required for a facility to age selected species 
of fish, using samples obtained in-country or from researchers in adjacent countries. 

Assist in the set-up of the laboratory and testing of equipment. 

Provide Operational Skills Training (OST) in the Preparation of Fish Samples for 
aging. 

Provide introductory training in techniques for aging fish, using samples of hard 
tissues as appropriate. 

Provide guidance on the continuing operation of the facility. 

Produce a draft report (see Outputs). 

Second Trip 

1. Review and make recommendations on the functional needs of the laboratory. 

2. Assess and provide training to upgrade staff skills in sainple preparation techniques. 

3. 

4. 

5. 

Provide Operational Skills Training (OST) in Fish Aging Techniques. 

Provide a general introduction to the application of age data to analysis of population 
dynamics and stock assessment. 

Produce final report (see Outputs). 
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Scope of Work 
Specialist in the Age Determination of Tropical Fish 
Page 2 

Qualifications for Specialist 

1. A Ph.D. in fisheries or related fields. 

2. 

3. 

4. 

Special knowledge, skills, and practical experience in aging tropical fish. 

Extensive knowledge of the growth of tropical fish. 

Special skills and experience in the establishment of small specialized research units 
in developing countries. 

Outputs 

1. A functional fish aging laboratory at the MSFC. 

2. 

3. 

MSFC staff trained in fish aging sample preparation and analysis. 

A consultant report containing: 

a. Specifications on the equipment, staffing, and operational requirements of a 
facility capable of aging selected species of fish. 

b. A summary and discussion of laboratory preparation, staff training, and other 
activities implemented by the consultant, including an assessment of trainee 
capabilities and performance. · 

c. A discussion of the future skill requirements of MSFC staff in techniques 
required to age selected species of fish and operate the laboratory. 

d. Advice on appropriate training and institutions available abroad for prospective 
Omani technicians and scientists. 

4. A manual containing: 

a. 

b. 

A description of techniques for the preparation of fish hard tissues for age 
analysis. 

A description of techniques for aging selected species of fish using hard 
tissues. 
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Scope of Work 
Specialist in the Age Determination of Tropical Fish 
Page 3 

A draft of this report will be due 30 days after completion of in-country work undertaken 
during the first trip. A final version will be submitted 30 days after completion of in-country 
work undertaken during the second trip. This allows time for both the author and users to 
review and modify the procedures and recommendations based on practical experience in the 
laboratory. 
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1. 

2. 

APPENDIX 2 

LIST OF REQUIRED AND OPTIONAL EQUIPMENT AND SUPPLIES 

Video tape recorder (and cables) for documentation of video microscope sessions 

Adapter for 35 mm camera, lOx eyepiece (23 mm 0.0.), and appropriate camera back with light 
meter. The camera back may be any of those already available at the laboratory, or one may be 
purchased locally (e.g. Pentax, Olympus, Nikon). The attached pages from the Edmund Scientific 
catalog lists the other required items. It is only necessary to be sure to match the camera brand to the 
appropriate "T" adapter. 

3. Extra fine, stainless pins and pin vises for dissection of larval fish 

4. Mineral (paraffin) oil; high viscosity or immersion oil 

5. Spare bulbs for all microscopes and illuminators 

6. Tungsten or diamond scribe 

7. Stage micrometer; metric; ruled to 0.01 mm; see attached pages from Edmund Scientific catalog 

8. Additional multiple extension cord 

9. Plastic dropper bottles (50 or 100 ml) 

10. Wide mouth, screw top plastic storage containers (to bold gelatin capsules with otolith samples) 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Partitioned plastic storage boxes (for otolith samples) 

Small "ziplock" or other sealable plastic storage bags 

Micro-electronic balance (measuring to at least 0.010 mg) 

Replacement of expendables; especially grinding papers, saw blades, chemicals, diamond paste, and 
epoxy as needed 

Slide storage systems (for horizontal and vertical storage) should be purchased or built 

Glass slides (plain or frosted end; one side only) 

Fine-tipped permanent markers 

18. Another neutral density filter to reduce the intensity of illumination for the low-power objectives 

19. A permanent water supply to the grinding and polishing wheels should be fabricated. 

20. A list of suppliers and catalog numbers should be developed for all expendable materials. 
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DIRECT PHOTOGRAPHY: STILL CAMERA TO MICROSCOPE 

A) 35MM CAMERA TO MICROSCOPE ADAPTERS 
Diagram indicates the arrangement of your 35mm camera and IWo required 
adapters for taking pictures through your microscope. 

Item A): See "T" adapter listing below for the stock number and price of the correct 
adapter for your specific camera brand. 

Item B): Microscope adapter locks on the eyepiece tube. Microscope's eyepiece fits 
through the adapter and sits In nonnal position, utilizing the ori i · t 
of the microscope. Black anodized all metal construction. l""'rmannn 
Microscope Adapter 

B) INSTANT PHOTOGRAPH MICROSCOPE CAMERA 
Produce instant Polaroid pictures with your microscope. Our special camera fits virtually all standard monocular, 
binocular and trinocular microscopes. Accepts all Polaroid film packs in the 100 and 600 series (color and black & 
white). Comes complete with universal instrument adapter, focusing tube, cable release and comprehensive 
instructions (56 pages). The quality is excellent because the camera utilizes the optical system of your microscope. 
Film and microscope not included. Yields 3-1/4" x 4-1/4" photograph. Excellent resolution. 
Instant Microscope Camera · 031,825 $300.00 

~ 111111111111111 

• 

llla-oecope I!,..,._ 
l'blnlllde 
c­..... 

TYPICAL VIDEO-MICROSCOPY SET-UP DIRECT VIDEO: VIDEO CAMERA TO MICROSCOPE 

c::::::::J = 00 
0 

0 

IMPROVED ADJUSTABLE RELAY LENS S't 
•Utilizes Microscope Eyepiece 
•Assures Exact Power Specification 

Our second generation relay lens incorporates sever. 
differential in mounting collar to image chip in differen 
23mm 0.0. International Standard eyepieces. We ra 
assembly then slips over your microscope's eyepieCE 
into your camera. A fine screw allows the internal lens 
if in use. For reticle-type eyepieces, see pages 126 a1 
Adjustable Relay Lens System 

ORIGINAL RELAY LENS SYSTEM 

Orfglnal Relay Lens System 

ifMi'!M 
--- IMAGE ONCCD 

B RELAY 

New Relay Lens System 

i+l'3;hi 
---IMAGE. 

ONCCD 

EYEPIECE 

PRIMARY 
IMAGE 
(RETICLE) 

requirements and to allow for the small 
with your microscope, it will accept only 
it will work with other powers. The entire 
, the external "C" mount screws directly 
video camera and to calibrate a reticle, 

039,925 $225.00 

10X eyepiece. The entire assembly frts 
pe with a tube length of 160mm to 

Our original Relay Lens System was designed to replc 
into microscope eyepiece tubes designed to accept 2 
170mm. The relay lens barrel has an external "C" lhre-- w• "~ UJ'l'V<>"" en"' IV..._, .. W Utn:,l;,,ly ln10 your VI080 camera. • 

Relay Lens System 037,820 $225.00 

A) SPECIFIC BRAND CAMERA TO "T" ADAPTER 
One side has an e male) screw(s) thread or bayonet (8) base to fit into your specific brand 35mm 
camera, the ite side n internal (female) "T" thread to accept our photo relay lens and other photo 

CAMERA SPECl'lC accessories. ch: $19.95 •Specify Stock Number For Your Camera Type:.-----------, 

~
FITTING TYPE: l B = Bayonet S =Screw I 

MOUNT nlversal Thread Mount (S) 042,832 i 
II SLR Minolta Models (B) 042,834 Lelca (S) 042,838 
lkon(B) 042,835 Konlca(B) 031,517 

T·TlflEAD canon (8) 042,836 Olympus (B) · 042,837 
1------,-,1,""'!~=-t--c--...... --~-~-----1 Hhlce (B) 031,516 Pentax, All K&U, Ricoh, Vlvlblr, Chlnon (B) 042,833 _,. , ,._ lnolta Maxxum - for auto focus (B) 037,819 

B) VIDEO "C" TO PHOTO "T" ADAPTER 
External (male) "C" thread for video on one side, internal (female) "T" thread on opposite side to accept photo accessories. 
Video To Photo Adapter 038,114 $31.95 

A 

B 

20 For More Technical Information Please Call: 1-609-573-6859 or Fax: 1-609-573-6295 
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INTERNATIONAL STANDARD MICROSCOPE EYEPIECES 
AND OBJECTIVES 
ES offers a full selection of objectives and eyepieces for use with ES models and 
ottler brands. 
OBJECTIVES: 
ES olfersJapanese Standard 36mm type.and OJN (Oeutche Jndustrie Norm) 45mm 
type. The numerical designation refers to the distance from turret face to material on 
stage at focus. For both thread is0.7965" (20.1mm)dia., 36 TPJ, 55° Whitworth. Both 
are available in color-corrected achromatic design. Jn DIN-type we also offer Micro-
plan (Semi-plan) and Plan-type objectives which provide flatter fields for critlCal 
inspections. A lypical DIN type microscope utmzes 45mm objectives+ 160mrn tube 
length for a 205mm system. Some Japanese student models such as our #36, 135 
utilize 36 mm objectives + 170mm tube Jenglh for a 206mm system. Slnce thread 
size isidentieal they could be inlerchangedbut power willdifler(approx. 10% ci!!erential). 

DIN OBJECTIVES l45mm\ 
Foeal Flekl of Woitdng Numerlcel Sieck 
Length View Dlstmnce Apertin Numb« Pricl 

Achromatic (mm) (mml (mm) 

4X 30.60 4.50 15.80 0.10 036,131 $42.95 
10X 16.60 1.80 6.30 0.20 036,132 $52.95 

·20x Spring Loaded 8.78 0.90 1.50 0.40 038,339 $64.95 
"40X Spring loaded 4.50 0.45 0.45 0.65 036,133 $79.95 
·sox Spring Loaded 3.05 0.30 0.28 0.85 038,340 $110.00 
·1oox Spring Loaded 1.86 0.18 0.13 1.25 036,134 $155.00 

Mlcro-plan"(Seml-plan) 

4X 30.60 4.50 15.80 0.10 038,341 $72.00 
10X 16.60 1.80 6.30 0.25 038,342 $93.00 

•40x Spring Loaded 4.50 0.45 0.45 0.65 038,343 $115.00 
·1oox Spring Loaded 1.86 0.18 0.13 125 038,344 $185.00 
100X Spring Lo. w. Iris 1.86 0.18 0.16 0.80-125 038,591 $299.00 

Plan 
4X 30.60 4.50 15.80 0.10 037,661 $85.00 

10X 16.60 1.80 6.30 0.25 037,662 $155.00 
•40x Spring Loaded 4.50 0.45 0.45 0.65 037,663 $275.00 
·1oox Spring Loaded 1.86 0.18 0.13 1.25 037,664 $425.00 

JAPAN ST ANO ARD OBJECTIVES (36mm) JIS 

4X 30.00 4.50 15.50 0.10 038,345 $32.95 
5X 25.80 3.60 14.00 0.12 030,045 $32.95 

10X 14.80 1.80 6.80 0.25 030,046 $42.95 
20X 8.78 0.90 1.50 0.40 030,047 $57.95 

"40X Spring Loaded 4.30 0.45 0.45 0.65 030,048 $62.95 
·sox Spring Loaded 2.90 0.30 028 0.85 030,049 $89.95 
"1 OOX Spring Loaded 2.70 0.18 0.13 1.25 041,670 $129.95 
*Retractable All dimensions are In mm 

23mm O.D. MICROSCOPE EYEPIECES 
DIN EYEPIECES: Magnification inscribed on eyepiece was calibrated. 
sldeof eyepieee has been determined using a 1) Huygenlan Design: Consists of 
160mm tube length. two piano convex lenses positioned 
JIS EYEPIECE: Magnification inscribed on with both convex faces toward the 
sideofeyepiecehasbeendeterminedusinga object Designed for use with lower 
170mm tube length. power achromatie objectives. 
ES offers three design types. Alf are 23mm 2) Wlde-Ffeld Design: Consists of 
0.0. tofitlntematlonalStandardTubes. "The two piano convex lenses with the 
magnification written on an eyepiece is cor- convex surfaces facing each other. 
rect only when used in the tube length system They are Ideal for use with high 
for which it was calibrated. True magnification power achromatie objectives. 
requires more than jusl multiplying the ob- 3) Perfpfan Design: Has an addi-
jective power by the eyepiece power; you tionaf Jensetement. lntendedforuse 
mustafso know the tube length for which the with Semi-Plan and Plan objectives. 

Focal Fleldof ,::. ForOINT=. ForJIS~ 
2:1mm0.D. Length VleW StockNo. Stock No. 

Huygenlan 5X 50.9 21.0 14.0 039,692 $27.50 030,126 $26.95 
10X 25.0 12.9 8.5 039,693 $34.00 030,121 $32.95 
15X 16.7 8.0 7.0 -- ---- 030,129 $32.95 . 

Wide Field 10X 25.0 18.0 15.5 .... 036,130 $44.9!., '039,698 $42.95 
15X 16.7 13.0 12t ~639:www ........ w 038,346 $74.95 
20X 12.5 10.0 9. ,696 $85.00 038,347 $82.95 

Perlplan 1 ox 20.5 14.5 1ft 037,660 $52.95 039,699 $50.95 

Zoom 10-20X v 039,697 $170.00 060,270 169.00 

'. 

ADVANCED STUDENT SERIES EYEPIECES AND OBJECTIVES 
ES offers replacement eyepieces and objectives for our Advanced Studai 
Series Microscopes. · , 

OBJECTIVES: Fully AchromaUc Design. 

Thread 15 mm O.DJ42 TPI. Thread 17.50 mm O.DJ42 TPL 
Magnlflc:atlon Stock Number Price Magnification Stock Number Price 

sx D3S,34I $21.95 SX 038,408 
10X 038,349 $29.95 20X 038,409 
15X 038,350 $29.95 ·50x 038,410 
20X 038,351 $29.95 
30X 038,352 $29.95 

•40x (Spring Loaded/ "Retractable) 15mm0.D. 038,353 $34.95 
"50X {Spring Loaded/ *Retractable) 15mm o.o. 038,354 $42.95 

Wide-Field Eyepiecel: 

19 mm O.D. (Fits #70,00I & 172,406) 

WF10X 038,355 $19.95 038,645 
WF15X 038,356 $20.95 038,644 
WF20X 038,357 $21.95 

"SPRING LOADEDJRETRACT ABLE/OIL IMMERSION 
These terms are Interchangeable and refer to the mechanism at the tip of higher pow 
objectives which is spring loaded so that It will retract within itself when it is pressed · 
the slide surface. There is very little working distance with such objectives and this fealln 
prevents slide damage. With 1 OOX objectives we recommend optical grade clear i · 
oil. Two ounce bottle. 035,738 SS.SO 

DIOPTER ADJUSTABLE EYEPIECE 
Wide field 10X eyepiece fits international standard 23nrn 
lube. Accepts 19mmdiametermicrometercfisc reticleswithil 
the internal field diaphragm. Eye lens is diopter adjustable 
to focus reticle pattern. 036, 123 $87.00 

• 0 10 20 30 40 + j111111111ju1111111!111111111j111111111I 

10mmf20 Sqs. 
036,127 

/~-
Smm/100 Div. 10mml100 Div ........ 

036,126 036,125 ...... 
0 10 20 30 olO 5QIO 111 ID 911100 

jnn~u1jm11m1~n111111j11111m~m~~~!n~1~~1~m~ 

D.4 lnch/40 Div. 
036,128 

Crouhalr 
036,124 

19ritm. DIAMETER ." .. ·.·., 
MICROMETER DISC RETICLES 

Smm/100 Div. · 036,126 
10mm1100 Div. . . 036, 125 
0.4 lnch/40 Div. D36, 128. 
10mmf20Dlv. 038,127 
Crouhalr :·' . . •: ·036,124 

$27.95Each 

Product Information and Technical Information: Call THE ·oPTI GROUP• 1-609-573-6259 
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FOCUSING EYEPIECES 
Our focusing eyepieces, which fit international standard monocular mlctoscopes (23mm diameter), 
are specially designed to receive eyepiece reticles of 18rnm or 21 mm diameter. This allows the retlcle 
to be brotight Into sharp focus when superimposed on the object Image, which Is often difficult to 
achieve with fixed focus eyepieces. The reticle Is held within the eyepieces by a screw-In retaining ring 
which can be removed for cleaning or replacement by another pattern. 
EYEPIECES FOR 16mm RETICLE 

A) Huygent.n design (completely free of lateral color): chrome and blackened finish, outer sleeve 
diameter, 23mm (to tit most standard microscopes). Useful Field: 14mm; Reticle Diameter. 16mm; 
Magnification Power. 7X. Huygenlan Dnlgn 051,035 $97.00 
B) Kellnet" design (partlally corrected for laleral color): chrome and blackened llnlsh, outer sleeve 

,.____.._ FllLDU• diameter 23rnm (to fit most standard mictoscopes).U&elul Field: 14mm; Reticle Diameter. 16mm; 
Magnification Power. 10X. KellnerOnlgn 051,03& $110.00 

10X EYEPIECES FOR 21 mm RETICLE These eyepieces will accept 21 nvn diameter reticles only. 
A) Perlplan design (corrected for secondary color; primarily for use in plan and semi-plan mic:ro­

GIWlCIU scopes): same basic design as Huygenian but with extra eyelens for improved Imaging, black anodized 
finish, 23mm o.o .. 21 mm field of view, 14.Snvn eye point Perlplan Dealgn 037,691 m .00 

I 
B) Kellner design (partially corrected for lateral color}: as pictured, black anodized finish, 23rMt 0.0., 

-A~------------------~'~~----~---------2~1m..,_m-fiekl~-°'-vie-·w~·-1-4._Sm_m.....,ey~e-poi--·nt----------~K-~_•ner---Deslgn..,,.... ______ 037 __ ,_692 ___ S67--.oo-
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I PROTRACTORS 
llllDEGREES 

I 
I HNi: PROTRACTOR 

Ill DEGREES 
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:+ 
CROSSED I MDKlMETERS 

• + 
HORIZONTAL 1,;;;;, 
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Microscope Eyepiece Reticles 
Concentric Clrcles 
Concentric circle reticles are useful for bi-dimen­
sional measurement, comparing circular sizesl 
arcs and for comparing radii of points. 

$66.00Each 

(A) Concentric Circles (Pie-Cut) 

Circles 21 mm Dia. 16mm Dia. 

0.5 to 12 mm 030,077 051,030 

(B) Concentric Circles (Full Circle) 

Circles 

0.5to5mm 
1.0to10mm 

21 mm Dia. 
051,031 
051,032 

MEASURING ANGLES 

16mm Dia. 

051,033 
051,034 

Protractors are used for measuring angles. 

MEASURING SQUARES 
Squared reticles are useful for systematic 
examination of specimens, for counting and 
for particle size analysis. 
(A) Indexed Squares $66.00 Each 

Grid Square 21 mm Dia. 16mm Dia. 

o.smm 051,015 051,017 
1.0mm 051,011 051,011 

(B) SqUlres 0-Entire Fleld $66.00 Eidt 
GrldSauare 21 mm Dia. 16nvnota. 
o.smm 030,073 051,019 
1.omm 030,111 D51,G20 

PARTICLE AND FIBER ANALYSIS 

---
A • 
I • ...... w.. .. 

The use of the reticles shown here makes it possible lo analyze specimens containing 
particles as an alternative or in addition to sieving. ReticleS for particle size analysis · 
are particularly popular when there are only limited quantities of particles avallable or 
wherepartlcfesaresmallerlhan50mdiam8ter. Typicalsubstancesanalyzedaresand 
grains, soil particles, plant seeds, fertilizeis, abrasives, liquid droplets, pigments, 
pulverized coal silica, fibres and fine dust. 

I ~Dia. I 1~n;;,~ I 
(A) Porton Rellcle $130.00 Each ~uia • 

(B) New Porton Reticle ... .. 

(A) P tract I Deg $66 00 Ea h $130.00 Each ..... I ,_ __ ro _____ or~n--~rees.--_____ • __ c...., I 21 mm Dia. I 16 mm Dia. f A 

21 mm Dia. 16 mm Dia. I . 051,012 - os1,010 • 
051,021 051,022 . (C) Pllllerson Globe and C1n:1e ...._ ____________ ...._ ____________ __, $130.00Each 

(B) HaH Protractor In Degrees $66.00Each 

21 mm Dia. 
D30,079 . I 16mmDla. 

051,023 

MICROMETERS 

(A) Crossllne Reticles $66.00Each 

21 mm Dia. 18.5 mm Dia. 16 mm Dia. 
D30,070 . 031,439 051,024 

(B) Crossed Micrometers $66.00Each 

Scale 21 mm Dia. 16mmDla. 
10mm in 100 Divs. 030,075 D51,025 
Smm In 100 Divs. D30,076 051,026 

(C) Horizontal Micrometers $80.00 Each 

Scale 21 mm Dia. 16 mm Dia. 
0.1 inch in 100 Divs. 030,101 051,027 
0.5 Inch in 100 Divs. D30,110 -
1mm In 100 Divs. 030,081 051,028 
10mm In 100 Divs. 030,066 051,029 

~Dia. 116 :;:;:- I 
STAGE 

MICROMETERS 

...... ········· ...... . 

--~"'!f!.:;:.: __ liJ«:YU:VQQI i==i 
I - I - I - I - I • I - I - ~ ~ I 

I • I - I - I - I • I - l - I - I - I 
I - I -·1 - I - t - I - I - t - I - I 
1-1-1-1·1-t·1-t"."l-1-1 
1-1-1-1-1-1-1-1-1-:-1 
.~.-.-,-,-1-1-1-1-t-1•1 
I - I - I - I - I - I - I• I - I~ I - I - 1.- I· 
1-1-1-1-1-1-1-1-1-1-1·1-1-1 
1·1-r-1-1-1-1-1-1·1-1-1·1-1-1-1 
1•1•1•1•1•1·1-1·1·1-1·1-1-1-1-1·1-1-1 
1-.·1-.-1-1-1-1-1•1·1-1-1-1-.-1..,1-1•1-1-1-1• 1•1 
If i I Ii I I iliiliilililliiliiliiih 

c 
(·j··r, I 
99'?2,:::::. 

SPACE . 
MICROGAUGE · ' 
MEASURING SCALE 

lmund Scientific Company, 101 E. Gloucester Pike, Barrington, NJ 08007-1380 

A mistake-free techri1que for 
accurately measuring objects 
from 1mm to 10mm. Simply 
match the objecl's space IO 
one of 200 scale spaces and · 
1'81ld the exact measurement. 
Designed for use with magni­
fiers and comparators In the 
6X lo 1 SX range. Wallet sized 
card is made of stabilized 
transparent polyester. Vinyl 
case. D38,070 $7.95 Each . 

3orlllcn $7.50 

I 
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APPENDIX 3 

Schedule and Procedures of Equipment Maintenance and Replenishment of Supplies 
and General Recommendations for Laboratory Operations 

Equipment in the aging laboratory is relatively robust and does not require a rigid 
maintenance schedule. The most important factor in maintaining the functionality and 
working order of the lab and equipment is that there be one individual assigned to oversee 
the facility and all individuals who use it. Persons wishing to use equipment in the 
laboratory should be fully trained (and checked out) so as not to damage lenses, diamond 
saws and other items which will likely suffer the greatest damage from improper use. All 
of the equipment in the laboratory is essential, and therefore it should not be removed or 
"borrowed". I urge that a detailed inventory and checklist be maintained by the person in 
charge. A periodic survey should assess the supply of expendable materials. Some specific 
recommendations follow: 

1. Microscopes should be protected by a dust cover when not in use. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

The thin (and expensive) blades of the lsomet saw are easily damaged. A cover (plexiglass) 
should be fabricated for this instrument. The saw should not be used by untrained 
individuals. If water is used as the lubricant and coolant, care should be taken to prevent rust 
formation. Isocut oil could be used instead of water if any problems arise. 

The magnification calibrations (all lenses) on the video scr~n should be checked whenever 
the camera attachment is altered. 

All instruments and tools should be labeled (e. g. by scribe) as belonging to the Aging 
Laboratory. 

Tools coming into contact with fish and seawater should be cleaned after use and protected 
with a light coat of oil. 

Mixing of the Spurr's or polyester epoxy should be done wearing protective gloves and within 
the fume hood. Check to see that the hood fan is working properly. 

All samples (and parts resulting from sectioning) should be clearly labeled and catalogued for 
future reference. A consistent labeling protocol should be established. 

The Laboratory should develop and maintain an otolith reference collection. 

New preparation procedures should be fully and carefully documented. 

10. Examples of micro- and macrostructural interpretations should be photo-documented. 

23 
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APPENDIX 4 

A Brief Description of Procedures for Preparation and Storage of Samples 

Generalized procedures for the storage and preparation of samples are described in Stevenson 
and Campana (1992. "Otolith microstructure examination and analysis," Canadian Special 
Publication of Fisheries and Aquatic Science 117:126p.), Williams (1986. "Ageing manual 
for Kuwaiti fish," Kuwait Institute for Scientific Research) and Brothers (1987. 
"Methodological approaches to the examination of otoliths in ageing studies," p.319-330. 
In, R.C. Summerfelt and G.E. Hall (eds.), Age and growth of fish. Ames: Iowa State 
University). All of these publications are available in the MSFC library. 

No special storage procedures are required for Omani samples, but I recommend that otoliths 
be cleaned in sodium hypochlorite ("bleach") for several minutes before they are rinsed with 
water, and thoroughly dried before storage in gelatin capsules or glass vials. Samples should 
be clearly labeled with a code number that does not reveal size information about the fish. 

Preparation procedures for each fish and life stage will vary with the otolith morphology and 
growth pattern unique to the species. Successful approaches for several species of interest 
have been indicated in Section ill.B. of this report, but the process of examination and 
experimentation is not complete and recommendations cannot be finalized until more 
specimens covering a greater size range have been analyzed. The most important 
consideration is that transverse sections should at least be initially examined for all species, 
and especially if substantial longevity and asymptotic growth is suspected. The propensity 
for otolith (sagitta) growth to continue only on the medial face of the otolith is a phenomenon 
which can lead to significant underestimation of age if only whole otoliths or sagittal sections 
are studied. 

24 
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