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ABSTRACT 

Daily rings were formed on saccular otoliths of known-age, 

laboratory raised pumpkinseed (Lepomis gibbosus), green sunfish 

--------[Lepomis-cyanelTus), biuegril- (Lepomis macrocl1IrusY, ancin -n 

Tilapia mossambica for at least 176, 170, 125, and 60 days, 

respectively. Subdaily rings were found in young laboratory 

and wild fish, but were easily distinguished from daily rings. 

Width of daily rings of green sunfish was linearly related to 

daily increase in length of fish, and the number of rings was 

a product of age of fish only, not length of fish or otolith 

radius. Otolith growth and daily ring formation in wild bluegill 

and largemouth bass (Micropterus salmpides) appeared to be 

similar to those in laboratory-raised fish. Saccular otoliths 

of green sunfish under simulated winter conditions ceased to 

produce daily rings, but did form an annulus. Two kinds of 

saccular otolith tissue were present in most of the larger 

laboratory fish and wild bluegill, but were not observed in 

wild largemouth bassa the first, which was present in all areas 

of 'tihe otolith exeept the extreme pesterier eAEl, was tra.Mlueent, 

and daily rings were well defined in ita the second was present 

only in the posterior end, was opaque, and daily rings in this 

area etched poorly and were difficult to discern. Both tissues 

were calcium carbonate in the aragonite form. 

To determine if light, cyclic feeding or an internal clock 

influenced daily ring formation, juvenile 1· mossambica, which 

had been exposed to continuous light (LL) and constant temperature 

since egg fertilization, were held under six experimental 

conditionsa l) LL, 27°C, and fed at three hour intervals, 



2) LL, 27°C, fed at three hour intervals with a nine hour break 

in feeding every 24 hours, J) L24aD12, 27°C, fed at 6 hour 

intervals, 4) Ll5aD9, 27°C, fed at 6 hour intervals (the first 

four conditions were maintained in environmental chambers, 

the reaaining 2 in the laboratory), 5) 15aD9, 27°C, fed at 6 

hour intervals, 6) Ll5aD9, 25 to 26°C, fed at various times 

every day. Daily rings were formed only in groups 4, 5, and 6, 

indicating that a 24-hour light-dark cycle reinforcing an 

internal, diurnal clock, were required for daily ring production. 
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Introduction 

Purposes of this study were: 1) to determine if daily 

rings were produced in saccular otoliths of pumpkinseed 

(Lepomis giobosus ); ·green sunfish-\LetfOmiS cyane1Tus7; cluegiTI 

(Lepomis macrochirus). and Tilapia mossambica, and if so, 2) 

to determine if daily rings can be used to back calculate 

subseasonal age and growth of fish, J) to determine if daily 

rings were formed in winter, 4) to compare daily rings and 

saccular otolith growth of laboratory and wild fish, and 5) 

to investigate the factor(s) that may control daily ring production. 

Panella (1971, 197J) found daily rings in otoliths of 

some marine and tropical fish and hypothesized that they are 

a universal property of fish otolithso Scott (197J) found 

what appeared to be daily rings in saccular otoliths of the 

Northern sand lance {Ammodytes dubius)~ Daily rings have also 

been found in corals (Wells, 196), Scrutton, 1964), cuttlefishes 

(Choep 196J), insects (Neville, 196J) and in human hair, 

cotton fibers, starch grains, fungal mycelia, and crayfish 

gastroliths (Neville. 1966). 

Daily or diel behavior patterns have been observed for 

fish, and presumably they could affect daily g~owth and daily 

ring production. Voightlander and Wissing (1974) found feeding 

rates of young and yearling white bass (lV1orone chrysops) were 

lower after sunset than before. Mathur and Robbins (1971) 

found young white crappie (Pomoxis annularis) consumed most 

of their food during the daylight bourse Bluegill in Lake 

Wingra, Wisconsin, moved onshore after sunset and offshore 

after sunrise (Baumann and Kitchell, 1974). Campbell (1971) 
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found laboratory held white sucke·r (Catostomus commersoni) 

were dispersed more, swam more, and ate more during dark than 

light hours. Also, the existence of a biological rhythm 
------------

which controls daily activity for numerous plants and animals, 

has been the subject of many studies (e.g., Frisch 1965, Brown 

1970, Bunning 197J). 

If daily rings were produced on otoliths of fish, an 

accurate diary of events in a fish's life would be available. 

Daily rings coul~ give information on short term age, growth, and 

mortality, would be useful for studies of young fish and fish 

that do not produce annular marks on hard tissues, and would provide 

a method for verification of commonly used aging techniques. 

Materials and Methods 

I. Age Determination by Ring Numbers 

Pumpkinseed eggs and larvae were taken in July, 1974. from 

three nests in Lake 'rhomas and from one nest in !~JCDill Pond. 

and bluegill larvae were collected on June 26, 1975. from a 

nest in Sttnset Lake, all in :Portage County, Wisconsin. Pumpkinseed 

were held initially at the Aquatic Research Laboratory. 

University of Wisconsin, Stevens Point (U.W.S.P.), but because 

of an increase in dissolved nitrogen gas in the well water 

supply of the laboratory, the fish were moved to laboratory 

facilities in the College of Natural Resources (CNR) building 

u.w.s.P., where the bluegill were held. Green sunfish and 

1· mossambica were spawned and held in a laboratory in the CNR 

building. 

----~ 

___ ~"\l_m!'k~~~~-~~--a~d _l>_l~eg_}}l_ eggs_ an~ __ lai'v~~ _w~~e in~~b~ted 

at 25 to 26°C, and their ages at swim-up were estimated to be 
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six days (Table I). For Lepomis sp. swim-up was defined as 

the day they became free swimming (most of the yolk-sac had 

been absorbed, the post-larval stage had begun, and post-larvae 
----------~- ---------------- ---------------- -~---- ------- ~--- -~ 

had changed from endogenous to exogenous food sources). Tilapia 

mossambica were incubated at 26°C. Tilapia mossambica are 

maternal mouth brooders; therefore, their ages were assigned 

when they left the female's mouth; 10 to 12 days after fertilization 

(Table I). 

After incubation, fish were held in water temperatures 

ranging from 24 to 27°C and Ll5aD9 (L indicates the hours of 

light and D the hours of dark; Table II). Lepomis sp. were fed 

plankton and freshly hatched or frozen brine shrimp (Artemia 

salina), and T. mossambica were fed dry trout food supplied 

by the National Fish Hatchery at Lake Mills, Wisconsin. As 

fish grew, they were moved to progressively larger tanks 

{Table II), and they remained in good condition throughout the 

study. 

Pumpkinseed groups A, B, C, and D, green sunfish, bluegill, 

and I· messambisa greYp A (Table II) were sasrifiaed daily fer 

two weeks and thereafter at approximately two week intervals. 

Unless otherwise stated, all fish were stored in 70% ethanol or 

7~fo ethanol and 10% glycerine. Otoliths from fish stored in 

formalin or other acid preservatives became decalcified and 

were unusable. 

Of the three pairs of otoliths in the inner ear of fish, 

the sagitta., the largest and only otolith used in age studies, 

was used {Figure 1, Appendix 1). I used a variable {10-?0X) 

binocular, dissecting scope to aid in extracting sagittae from 
------~ ---~~ ~---~~---- ~--- ~--~---- ~---~--~ ---
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able i. Species used in laboratory xperiments, their dates of collection (if collecte4 in the field), 
I 

date of spawn (for species :pawned in the laboratory), and information used to :age experimental 

fish. 

Name Group Date of Date of Date of Date of Date Young Left Ettimated or Known 
Collection Spawn Hatch ' Swim-up Female • s ~1outh A e at First 

D ily Ring 

' 
I 

umpki11seed A VII-18-74 VII-21-74 6 days 

B VII-6-74 VII-7-74 VII-11-74 6 days 

c VII-18-74 VII-19-74 6 days 

D VII-19-74 VII-21-74 6 days 

reen ~unfish IV-26-75 IV-28-75 .V-2-75 6 days 

luegi~l VI-29-75 VI-28-75 6 days 

i1apia mossambica A VI-29-75 VII-8-75 10 days 

B VII-20-75 VIII-2-75 12 days 

c IX-29-75 X-10-75 11 days 



Jle I • Use, environmental history, and food fed laboratory fish. 

Name Group Section Tanksb 
I 

Temperature c Photoperiod Food Water source 

I 

26°C npkinseed A,B,C,D I YII-7 to 1 Ll5aD9 Plankton an~ Well 
IX-7 freshly hat hed 

brine shrim~ 

" " Dl:;.7 to 2 .. .. .. .. 
XII-7 

" .. XII-74 to J .. •• " .. 
I-75 

4 
d 

" " I-75 to .. " Frozen b~ine, City 
XII-75 shrimp and 

trout pellet~ 
' 

:!en suhfish I,II IY-75 to 5 25°C " l-'lankton andi " <.TI 

Y-75 freshly hatc~ed 
brine shrimp 1 

III Y-75 to 6 26°C .. Frozen brine I " 
XII-75 shrimp 

5 26°C to Ll5aD9 to " .. 
40C LlO:Dl4 

7 .4~C ·:to LlOaD14 to 
26C?c Ll5aD9 .. .. 

1egill 1 25°C 
I 

I VI-75 to 8 Ll5aD9 Plankton andl .. 
YIII-75 freshly hatc~ed 

brine shrimp: 
.. VIII-75 to 6 26°C .. Frozen brine " 

XII-75 shrimp 

mossambica A I VI-75 to 5.8 .. " Trout p~llet$ " 
IX-75 

A B C v VI- to 8 " Ll'l:Dq or " .. 



Table II. Continued 

holding facilities. 
I 

a. Dates during which fish we 

b. All holding facilities con ained airstones. All standing water was filtered ~ith plastic 

aquaria filters containing activated charcoal and floss. 
I 

c. Mean temperature. Actual emperatures varied no more than 1 °C above or below! the mean. 

d. City water was passed thro han activated charcoal filter. 

1. 70 liter fiberglass aquari • Heated water was pumped from a lPOO liter holdipg tank 

providing at least one tur of water every 24 hours. 1, 2, and J were a~ the 

Aquatic Research Laborator • 

2. 467 liter fiberglass holdi tank. 

J. 1913 liter fiberglass • 

~46 liter fiberglass tank. 4. 

5· 208 liter glass aquaria wi h standing water. 

6. 96 liter capacity screen c 4. 

7. 70 liter fiberglass aquari with standing water. 

8. 103 liter glass aquaria wi h standing water. 
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Figure l. Anatomy of typical Lepomis p. sagitta. The saggittal section was used by Pannella (19711, 1973); 

I used the frontal section. Only sections revealing the area from the nucleus to the po~terior 

edge showed daily rings in his study and in that of Pannella. 
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fish 4 to 25 mm total length (TL). The fish's head was removed 

with forceps and spread on the scope stage, where, under 

transmitted light, the sagittae appeared as two shiny objects. 

With larger fish 1- removed --e-l'le sagi ttae vntn -rorceps arter mak~ng 

a cut transversely through the fish's head just anterior to the 

medulla (the cut was in line with the posterior edge of the 

operculum); the sagittae were then removed from the sacculus 

(the sacculus holds the endolymphatic fluid in which materials 

producing the sagittae are found). 

Two preparation techniques were used because small sagittae 

were fragile and difficult to handle. I cut smaller sagittae 

in thin sections to expose their lateral surfaee (sagittal 

section). These sagittae were secured by Canada balsam with the 

proximal surface (Figure 1) against a glass microscope slide. 

Both sagittae were mounted on the same slide to reduce the time 

spent in grinding. I ground the sagittae by hand, using the 

slide as a holder, against a mixture of #600 carborundum powder 

and water on a glass surface. Next, I polished the sagittae 

on a rotating wheel against #4000 aluminum oxjde on a wet 

felt pad. By alternately grinding, polishing, and observing 

the sagittae through a microscope, I was able to determine 

when the nucleus (that portion of the sagitta produced during 

the embryonic and larval period) was reached. I then immersed 

the preparation for 15 to 45 seconds in ~ HCl. 

Larger sagittae were cut perpendicular to the lateral 

surface and parallel to the axis from the posterior to anterior 

edges (frontal section). Individual large sagitta were secured 

with their ventral edge against a slide, the proximal surface 
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perpendicular to the slide, and the largest distance from nucleus 
(' 

to posterior edge parallel to the slide (Figure 1J: Next. the 

sagitta was ground and polished as above. but the process was 

stopped Ju-s-&oerore --tlii--nucieusu-was reached. The Canada 

balsam was heated. and the sagitta was removed an<4.\secured to 

the slide on the newly ground surface. Then, I ground and 

polished until the nucleus was reached, then etched the sagitta. 

Some sagittae etched poorly. I was able to make rib~ more 

distinct by placing a drop of glycerine on the sagitta and 

using a cover slip or by immersing the preparation in water or 

ethanol for a few hours. Sagittae were then viewed under a 

microscope at 400X or greater. and the number of ring.s was 

counted three times and averaged. 

Large sagittae were also sectioned sagittally. In the 

sagittal section it was necessary to photograph various grinding 

stages and piece the photographs together. Rings were distorted 

and possibly obscured in sagittal sections of larger sagittae. 

II. Relationship of Width and Number of Daily Binp to ::lize 

of Fish and Otolith. 

Four groups of 15 green sunfish were sacrifi~ Jl, 45. 59. 

and 89 days after swim-up. All fish were from the saae spawn 

(Table I). and were selected for a wide range in len&ths within 

each group (Table III). Fish were measured under a dissecting 

scope. A frontal section of both sagittae was prepared {section 

I), otolith radius (distance from nucleus to posterior edge; 

Figure 1) was measured to the nearest 0.01 mm, and three ring 

counts were averaged. 



able III. Lengths (mm). otolit radii (mm), and number of daily rings for green s unfish 
experiments describe in section II. 

Numbe 

1 9 9 
I 

Length Radius Number Length Number Length Radius Number Length Number I 

111.7 0.4760 31 14.5 0.3340 44 18.9 0.4680 58 33·0 o. 350 86 
I 

112.1 0.2620 31 13.7 0.3510 43 19.6 0.4840 59 41.0 0.~600 88 

!12.2 0.3840 43 0.4680 42.4 
I 0.3010 29 15.7 20.0 a o. 9020 a 

I 
I 

;12 .2 0.2670 ~9 17.7 0.4510 43 20.7 0.5010 59 43.1 o. ~520 a 
I 
112.3 
I 

0.2920 31 19·3 0.4840 46 22.3 0.5510 60 45.9 1. qo2o a 

!12. 6 I-' 0.3010 31 21.5 0.5180 46 23.2 0.5510 a 48.0 1.ga6o 91 0 

! 

~12. 7 0.3010 30 22.8 0.5240 46 24.1 0.5510 59 48.3 1.~190 a 
I 

1.~190 
I 0.3170 31 24.2 0.5510 45 24.5 0.5680 59 49.3 93 :13.2 
I 

I I 

113.3 0.3010 30 24.5 0.5510 4~ 27.6 0.6010 56 49.7 1.~~60 a 
I 
115.6 0.3340 a 25.0 0.6010 45 31.2 o. 7350 60 51.5 1.1j360 a 
I 
I 

117 2 I o 0.3930 32 26.8 0.6180 46 32.6 0.7180 63 51.9 1.q860 a 
I I 

il8. 0 0.3840 32 26.9 .6350 43 35·1 0.7680 57 52.2 l.lll90 87 
I 
I 
:19.5 0.4010 30 35·3 0.8020 58 
I 

~21. 0 
i 

0.4510 30 37.0 0.8350 63 

122 ·5 
I 

0.4760 31 4).7 0.8850 59 
I 

al. 
I 

Number of rings not counted or reasons _given in text. 
I 
I 

I 

I 
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From the 60 fish, six sagittae were discarded because they 

were broken or the grinding process failed to reveal the nucleus; 

moreover, in the group sacrificed 89 days after swim-up, seven 

sagittae did not reveal a continuum of rings due to the presence 

of the second tissue discussed in section I below. 

III. Effects of Simulated Winter on Daily Ring Production and 

an Analysis of Laboratory Induced Annuli in Green Sunfish 

To determine if daily rings were produced in sagittae of 

wintering fish, I exposed 90 green sunfish to simulated winter 

conditions in an environmental chamber. Water temperature was 

reduced 1°C per day from 25 to 4°C, and the photoperiod, from 

Ll5aD9 to LlOaD14. Fish were fed frozen brine shrimp daily, 

in excess, until water temperature reached 4°C. At 4°~ the fish 

were inactive and ate littlea therefore, feedings w&re changed 

to twice weekly. A control group was held in the laboratory 

at 25°C, Ll5aD9 and fed f.rozen brine shrimp daily, in excess. 

Both groups were from the same spawning (Table I). 

After the experimefttal group had beeft held at 4°0 for 60 

days, they were returned to control conditions. D~e to a malfunctiol 

in the temperature control apparatus, the water temperature rose 

from 4 to 25°C in 7 days. No deaths or disease resulted, and 

the fish were feeding "normally" within 14 days of the temperature 

increase. 

Two fish from the experimental group were sacrificed twice 

weekly, and fish from the control group were sacrificed less 

frequently. 

-------- ------------------------------------- --------------------------
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IV. Comparison of Sagittae Growth and Ring Formation in Laboratory 

and Wild Fish. 

I collected bluegill on September 18, 1974, from Lake Thomas 

and during the summer uof T97.),- from Little Nfuslty Lake, Oneida

County, Wisconsin. lhe range of TL of 9J bluegill from Lake 

Thomas was 25 to lJ4 mm and for 58 bluegill from Little Musky 

Lake, 22 to 125 mm (Appendix2 ). Sagittae were extracted, 

cleaned in a weak solution of trisodium phosphate, and stored 

dry in vials. I measured and then averaged the TL of each pair 

of sagittae (largest distance from rostrum to posterior edge; 

Figure la Appendix 2) to the nearest 0.01 mm. Otolith pairs 

are almost mirror images (Messieh 1972). Lake Thomas bluegill 

and their sagittae were weighed for reference (Appendix 2). 

4lso ,_t:20 largemouth bass (lVJicropterus salmoides) of various 

lengths were collected from Sunset Lake and frontal sections of 

their sagittae were prepared. Sagittae from these bluegill and 

largemouth bass were examined (before sectioning) for the presence 

of the two tissues discussed in section I below by placing 

them distal side up in a dish of water. 

To determine if rings in sagittae of laboratory pumpkinseed, 

green sunfish, and bluegill were similar to those in wild fish, 

I obtained largemouth bass from the Lake Mills Hatchery. I 

estimated the fish to be 60 days old based on date of stocking 

of adult largemouth bass, records of water temperature, and 

observations of nesting activity by hatchery attendants. Sagittae 

were sectioned sagi t.tally. 

v. Environmental Factors Influencing Daily Ring Formation 
----- ------------------------ ---------------------------------------------------------------------------
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The effects of different light-dark cycles, constant light, 

feeding cycles, and an internal diurnal clock on daily ring 

formation were tested for 60 days. Adult T. mossambica were 

put in a 70 liter aquarium and allowed to spawn. They were 

fed dry trout food; they experienced Ll5:D9; water temperature 

was held at 26°C; and, since!· mossambica are nest builders, 

a gravel substrate was provided. After spawning, females were 

held under continuous light (LL) and constant 26°C. Since 

female T. mossambica do not feed during incubation, I assume 

that the young did not receive exogenous food during incubation. 

Young from three spawnings (Table I) were used. 

When the young fish left the females' mouth (at 26°C, 10 

to 12 days after fertilization), approximately 50 each were 

put in tanks in each of six environments. The tanks (one per 

environment) contained standing water which was filtered and 

aerated with a box filter containing activated charcoal and 

polyester floss. Tanks were cleaned and automatic feeders 

filled with dry trout food at different times every two days. 

3agittae from weeki~ samples were sectioned frontall~ and 

sagittally. 

Group I was held in an environmental chamber under LL, 

constant water temperature of 27°C, and fed at three hour 

intervals. Since no 24 hour stimulus was present, I believed 

that any daily ring formation would be the product of an internal, 

diurnal clock. 

Group II was held under the same temperature and light 

conditions as group I and in the same environmental chamber, 

but fish were fed at three-hour intervals with a nine hour break 
-----~ 
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in feeding every 24 hours. The fish were held in a tank within 

a tank (the inner tank had a screen bottom with mesh size larger 

than the food particles, but smaller than the fish) so that 
----------

food would not be available during the break in feeding. I 

expected to find one ring every 24 hours if the stimulus causing 

daily ring formation was a daily change in food availability. 

Group III was held in a second environmental chamber under 

L24aD12, 27°C, and fed automatically every six hours. If a 

light-dark cycle were responsible for daily ring formation, I 

expected to find a ring formed every )6 hours. 

Group IV was held in an environmental chamber under Ll5aD9, 

27°C, and fed automatically every six hours. The purpose of 

this group was to determine if isolation in an environmental 

chamber would alter daily ring formation, which had already been 

observed in all fish (section I) held in the laboratory under 

the same conditions of light and temperature. 

Group V was held and fed in the same manner as group IV 

except that the Tilapia were in the laboratory and experienced 

d:a1ly fluctuations in labozatozy activity. 

Group VI, the control, held in the laboratory under Ll5aD9, 

25 to 26°C was different from group V in that the fish were fed 

at various times during the day depending on my class schedule. 

Temperature was not used as a cyclic stimulus for daily 

ring production since fish used in experiments described in 

section I produced daily rings without daily fluctuations in 

temperature. 

---------·----- ----------- ------------------------ -- - ---- -------
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Results and Discussion 

I. Age Determination by Ring Numbers 

Daily rings were produced in sagittae of pumpkinseed, green 
--------

sunfish, bluegill, and x. moss8Lm1Vlc?l-for-at 1east-l76, 170, 

125, and 60 days, respectively. For Lepomis sp. the first daily 

ring was produced the day of swim-up, and forT. mossambica it 

formed about when the young left the females' mouth'. (Table I). 

I define a daily ring as a consecutive pair of one dark and one 

light band (Figure 2). The appearance of light and dark bands 

was due to the intensity of the illumination and thickness of 

the preparation. 

Small sagittae were disk shaped and sagittal sections 

showed daily rings concentric to the nucleus (Figure 2). As 

sagittae grew, they became elongated and curved; the distal 

surface became concave and the proximal, convex. In frontal 

sections daily rings were compressed distal and proximal to 

the nucleus and individual rings were more prominent in the 

axis from nucleus to posterior edge (Figure J). 

Subdaily rings were present in all sagitta& from fish 

younger than approximately 80 days and were more easily seen 

in frontal sections (Figure J) than sagittal sections. Weak 

rings were also present in the nucleus but their periodicity 

could not be determined. Subdaily rings and those in the 

nucleus were not well defined, and therefore, were easily 

distinguished from daily rings. 

Intersecting daily rings were found in sagittal and frontal 

sections of larger sagittae. As a result, some rings found in 

one area of a sagitta were absent in others. Because intersecting 



Figure 2. Sagittal section of sagitta from 19 day old pumpkinseed. At this age the 

sagittae was disk shaped and daily rings were concentric to the nucleus. 

Scale = 0.05 mm 



Figure J. Frontal section from 24 day old pumpkinseed. Posterior end, P; proximal, 

Pr; distal, D; anterior, A. Compression of daily rings may be seen in the 

distal and proximal areas. Subdaily rings can be seen within the prominent 

daily rings (Arrows). Scale = 0.1 mm 
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rings were present in both frontal (Figure 4) and sagittal 

sections (Figure 5), I believed that they were normal and not 

a product of the grinding process. when intersecting rings 

were found, I examined all areas and counted the maximum number 

of rings. 

Two kinds of sagitta tissue were present in most of the 

larger laboratory fish (Figure 6). The first, which was present 

in all areas of the sagitta except the extreme posterior end, 

was translucent, and rings were well defined. The second kind 

of tissue was present only in the posterior end, was opaque, 

and rings in this area etched poorly and were difficult to see. 

To determine if the two tissues differed in composition, 

sagittae from 50 bluegill were broken and the two tissues were 

separated. The tissues were sent to s. w. Baily, ~eology 

Department, University of ~isconsin, Madison, for analysis by 

X-ray diffraction. X-ray diffraction indicated that both 

tissues were calcium carbonate in the aragonite form, and no 

differences between them could be identified. Other studies 

have shown otoliths to be composed of aragonite crystals 

(Degens et al 1969; Irie 1960). I was unable to determine the 

duration of daily ring production in pumpkinseed, green sunfish, 

and bluegill since total ring counts could not always be obtained 

from sagittae containing both tissues. 

Pannella (1971) found daily rings in sagittae of three 

marine fish, Merluccius bilinearis, Uriphycis chuss, and Gadus 

morhua. He counted the number of rings between annuli in the 

posterior end of sagittal sections (Figure 1). His counts 

averaged )60 rings per year for the first J to 4 years, after 



Figure 4. Frontal section from 176 day old pumpkinseed with intersecting daily rings 

(Arrows). Scale = 0.1 mm 



Figure 5. Sagittal section of 176 day old pumpkinseed with intersecting daily rings 

(Arrows). Scale = 0.1 mm 

N 
0 



Figure 6. Frontal section from 81 day old pumpkinseed. The tissue closer to the number 

(1) showed well defined daily rings; the other tissue (2) had poorly defined 

daily rings. Note the distinct line separating the tissues. Scale = 0.1 mm 
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which the numbers per year decreased. Pannella (1973) prepared 

some tropical fish otoliths to determine if daily rings could 

be used to age such fish, which are difficult to age. Although 

yearly marks were not present to verify daily rings, he assumed 

that rings in sagittae of tropical fish had the same periodicity 

as those in temperate fish because of their similar structure. 

Pannella also believed that changes in ring structure and width 

were associated with the tide, season, and spawning. 

The intersecting rings that I observed (Figures 4 and 5) 

appeared to be similar to what Fannella (1973; plate 4, figure 5) 

called "unconformity of rings", which he explained as representing 

"a period of resorption of the otolith." If resorption had 

taken place in sagittae I used, I should have found fewer than 

daily rings in sagittae showing intersecting rings. Since I 

found daily rings in these sagittae, I suggest that Pannella's 

"unconformity of rings" were intersecting rings which, I believe, 

are normal and are not a product of resorption. 

Scott (1973) found what appeared to be daily rings in 

sagittae of the Northern sand lance. He found an average of 

70 rings in eight sagittae from fish 38 to 39 mm TL. Scott's 

fish were not of a known age but their age was estimated by 

back calculation to the age and length the sagittae were first 

formed. 

Pannella (1973) found all areas except the posterior end 

were insufficient for counting daily rings. Irie (1960) and 

Kobayashi et. al. (1964) determined that the anterior and 

posterior ends of the sagittae were the fastest growth areas. 

I was only able to find daily rings in the posterior end. 
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Apparently, the posterior end of the sagittae is the best, and 

possiblV the only area, where daily rings can be easily detected. 

Asymmetric growth of sagitta, and compression of daily rings 

in some areas of the otolith make it difficult ----u> f1.nd daily 

rings in areas other than the posterior end. 

Daily rings have been found in animals, other than fish, 

and plants. Wells (196J) found daily growth lines in five 

species of fossil corals• Heliophyllum. Eridophyllum, Favosites, 

(from the Middle Devonian of New York and Ontario 1 3B5 to 410 

growth lines per annum), Lophophyllidium (Pennsylvanian of 

western Pennsylvania; 390 growth lines per annum), and Caninia 

(Pennsylvanian of Texas; 385 growth lines per annum). He also 

found an average of 360 growth lines per annum in M!•i~ina 

Breolata (a recent coral from West India). Wells explained the 

differences in number of growth lines per annum by the astronomical 

hypothesis that the number of days per year has decreased since 

the Devonian. 

Scrutton (1964) found daily rings and monthly rings in 

corals from the Mjddle Devonjan and concluded that "the banding 

is most probably related to a lunar breeding periodicity 

(monthly banding) and that the Middle Devonian year contained 

13 lunar months each of 30.5 days" (13 X 30.5 = 396.5). The 

Devonian year comprised 396 days (Wells 1963). 

Choe (1963) found daily stripe-lines on the shells of 

cuttlefishes (Sepiella sp. and Sepia sp. ). Neville (1963) 

found daily growth layers in the tibia of 12 species of insects. 

Neville (1966) reviewed work on daily rings and fo-nd cenclusive 

or supportive evidence of their existence in locust, cockroach, 

and belostomatid skeletons, crayfish gastroliths, human hair, 
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cotton fibers, starch grains, fungal mycelia, cuttlefish, coral, 

and fossil arthopods, corals, and belemnites. 

II. Relationship of Width and Number of Daily Rings to Size of 

Fish and Otolith. 

The mean number of rings, for each group of green sunfish, 

was equal to the number of days from swim-up to sacrifice, 

and within each group, the standard deviation of ring number 

was small (Figure 7). The number of rings within groups did 

not vary with length of fish (Table III). For example, a 24.1 mm 

fish in the group sacrificed 59 days after swim-up had the same 

number of rings (59) as a 43.7 mm fish in the same group. 

Therefore, the number of rings was a function of age in days 

and not length of fish. 

The least squares relationship of otolith radius to TL 

of fish was linear; y = 0.0210X + 0.0411; r = 0.9936 (Figure 7). 

Analysis of covariance of least squares regression lines for 

each of the four groups indicated that the relationship was 

the same for all groups (F), 46- J.J694). 'rhe 'ilYi regression 

(Ricker 1973) of otolith radius to fish length was y = 0.02113X + 

0.0396. Ricker (1973) recommended that the ~M regression be 

used to estimate the functional regression,which is used when 

the X values are subject to natural variability. I calculated 

the predictive or least squares ~egressions in order to compare 

the groups by analysis of covariance. Since otolith size was 

related to length of fish,and since the number of rings did not 

vary with length of fish, the number of rings was not a function 

of otolith size. 
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These results show that daily rings and the relationship of 

otolith radius to fish TL can be used to age fish in days and 

to back-calculate subyearly and even daily growth. Heretofore 

age and growth work with otoliths was centered on analysis of 

age in years and yearly growth (e.g., ~watson 1964, DuPaul and 

McEachran 1973). Also, my results with known-age fish showed 

daily rings were formed and since they represented an absolute 

time span and their numbers were not determined by growth of 

sagittae or fish, they were, in themselves, a natural, biological 

marker. 

III. Effects of Simulated Winter on Daily Ring Production and 

an Analysis of Laboratory Induced Annuli in ~reen Sunfish. 

When water temperature reached approximately 10°C, daily 

rings were no longer formed in sagittae of experimental green 

sunfish (Figure 8). Control fish continued to produce daily 

rings throughout the experiment. Also, as temperature decreased, 

daily rings became narrower, indicating that daily growth slowed. 

Widths of daily rings in sagittae of control fish renained 

relatively constant. I was unable to determine if daily ring 

production resumed in experimental fish after the temperature 

rose to 25°C because the second kind of tissue that was discussed 

in section I was present. 

An annulus was produced on scales and sagittae when experimental 

fish were returned to 25°C. No such mark was present in sagittae 

or scales of control fish. The scale annulus was typical for 

Lepomis sp.; circuli became closely spaced as growth slowed and 

wider as growth resumed, and cutting over of circuli was evident 
-----
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(Wallin .. 1957 ,Regier 1962). The annulus in the sagitta was a 

deeply etched band following the contour of sagitta Shape 

(Figure 9). 

lVi.cComish (1971) found that bluegill did not grow below 

10°C, and in section II, I showed that the width of a daily 

ring was a product of daily growth of fish. 'rherefore, I believe 

that cessation of daily ring formation was a result of cessation 

of fish growth. 

Pannella (1971) found that decrease of ring numbers, after 

the first 3 to 4 years, was accompanied by an increase in what 

he called interruptions a "a sharp line which occasionally cuts 

the previous layers unconformably." He suggested that an interruptio1 

was caused by periods of interrupted growth. Plate 5, figure 5 

of Pannella (1973) shows an interruption, which is narrower, but 

similar to the annulus that I found (Figure 9). Pannella 

reasoned that since increased interruptions and decreased ring 

numbers were most pronounced when the fish became reproductively 

mature, a period known to change otolith growth and calcium 

metabolism, "thQ chronological meaning of the hands (daily rings) 

does not change with age; what changes is the efficiency and 

continuity of the growth process." I also found cessation of 

fish growth was marked by an interruption in sagittae growth and 

cessation of daily ring production. 

IV. Comparisons of Sagitta Growth and Ring Formation in Laboratory 

and wild Fish 

The relationship between otolith TL and fish TL was different 

for bluegill from Little tv1usky Lake and Lake 'rhomas. The least 
------------·-



Figure 9. Laboratory induced annulus in green sunfish sagitta (Arrows). Scale= 0.1 mm 
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squares relationship of otolith TL (x) to fish TL (y) was linear 

for both lakes.; but analysis of covariance indicated that the 

equations were different (Fl, 145=1)0.4707 )s 

n linear equation · r 
Lake Thomas 9J y = 0.28)6 + O.OJ76X 0.992 

Little Musky 58 y = -0.1104 ... 0. 041JX 0.996 

The GM regress ion for Lake Thomas bluegill was y = O.OJ790X + 

0.2277; for Li t tle Musky Lake bluegill it was y = 0.0415X 

-0.1161. The re lationship of otolith radius to fish TL (Section 

II) also was linear, suggesting that otolith growth in laboratory 

fish was like that in wild fish. 

Other studies have shown the relationship of otolith growth 

to fish growth to be. population specific. Rybock et. al. (1975) 

used differences in size of otolith nuclei to separate juvenile 

steelhead trout and juvenile rainbow trout (Salmo gairdneri). 

McKern and Horton (1974) used nucleus densities to separate 

summer from winter races and wild from hatchery stocks of 

steelhead trout. Nlessieh (1972) used otoliths as "natural tags" 

to identify herring stocks in the St. Lawrence and adjacent waters. 

Scott (l97J) used otoliths to describe differences in growth 

rates between Northern sand lance of Banquerei and Emerald Bank 

off Nova Scotia. 

Annuli i n sagittae of largemouth bass (Figure 10) from 

Sunset Lake were similar to those in sagittae of experimental 

green sunfish (Section III; Figure 9). Daily rings became narrower 

as they approached the annulus, indicating a slowing of growth. 

The description and verification of annuli in scales of centrarchids 

has been the subject of many studies, but otoliths in this family 

have received little attention. My results have shown that annuli 



Figure 10. Annulus in sagitta of wild largemouth bass (Arrows). Scale = 0.1 mm 
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in sagittae of green sunfish and probably largemouth bass were 

formed concurrently with those in scales and can be used to 

determine age in years. 

Sagittae from pond-reared largemouth bass had 55 to 6J 

rings (Figure 11). I considered them to be formed daily since 

their numbers were approximately equal to the bass' estimated 

age (60 days) and their structure was similar to daily rings that 

I found in known-age, laboratory fish. Subdaily rings (Section 

I) also were found in the first few daily rings of the Lake OOills 

largemouth bass. 

v. Environmental Factors Influencing Daily Ring Formation 

Daily rings were formed in sagittae from fish in groups 

IV, V, and VI, which experienced Ll5zD9 (Table IV). Sagittae 

from groups IV and V had subdaily rings (Figure 12), but daily 

rings were prominent and distinguishable from subdaily rings. 

Sagittae from group VI showed well defined daily rings with weak 

subdaily rings (Figure lJ). 

Daily rings were not formed in groups I and II, and a J6-hour 

ring was not formed in group III (Table IV). Sagittae from these 

groups had many, closely spaced subdaily rings (Figure 14), the 

rings were not continuous from nucleus to periphery, and they 

were not visible in all areas of the sagittae. Therefore, total 

numbers of rings could not be determined for these groups. In 

groups I, II, and III there were at least two rings for every 

24 hours, even though only a small portion of the sagitta 

yielded rings, and in some sagittae there were 4 rings every 

24 hours. 



Figure 11. Sagittal section from wild largemouth bass showing daily rings and irregular 

growth. Abberations in growth did not appear in the posterior end. Scale = 0.1 mm. 



Table IV. Groups, conditions, and resulting ring patterns for 1· mossambica used in section V. 

U.roup Temperature oc Feeding Cycle Light-dark Cycle Ring P·a tte rn 

I 27 J hour intervals LL Subdaily 

II 27 J hour intervals LL Subdaily 
with a 9 hour break w 

~ 

III 27 6 hour intervals L24:Dl2 Subdaily 

IV 27 6 hour intervals Ll5zD9 Daily and 
subdaily 

v 27 6 hour intervals Ll5zD9 Daily and 
subdaily 

VI 25 to 26 By hand at different Ll5zD9 Daily and 
times during the subdaily 
light hours 

-~~-----J 



Figure 12. Daily and subdaily ring pattern representitive of 1. mossambica in groups 

IV and V, section V. Arrows delineate one daily ring, within which can be 

seen subdaily rings. Scale = 0.1 mm 
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Figure 14. ~ubdaily rings representitive of I· mossambica in groups I, II, and III, 

section v. Scale = 0.01 mm 
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The occurrence of daily rings in sagittae of fish exposed 

to a 24-hour light-dark cycle and not for fish exposed to LL or 

a )6-hour cycle, suggests that an internal, diurnal clock 

mechanism was operating, and also, that it had to be reinforced 

by a 24-hour light-dark cycle. If only an internal clock were 

important, there should have been daily rings formed in all 

groups. If only the light-dark cycle were important, there 

should have been daily rings formed in group III at )6-hour 

intervals. My results are consistent with the hypothesis that 

longer than normal photoperiods have a damping effect on the 

clock (Saunders 1976); that is, the LL and L24aD12 environments 

exceeded the clocks light threshold, above which the clock was 

inoperable. If only cyclic feeding were important, daily rings 

should have been formed in group II, and they should not have 

been formed in groups IV, V, and VI. 

I do not believe that daily fluctuations in activity in 

the CNR building or activity on campus effected ring patterns 

since, 1) the fish were in tanks in an environmental chamber 

wh~ch was ~n a locked room or they were in a locked laboratory, 

2) the nearest automobile traffic was 150 meters away and was 

light; J) at least part of each experiment took place when the 

students were on semester break; 4) the airstones should 

have provided background disturbance greater than those caused 

by adjacent traffic, and it should have been constant due to 

back pressure in the compressor, and 5) any influence of adjacent 

activity was not strong enough to cause daily ring formation in 

groups I, II, and III. 

_______ S=--""-in~ce daily chan@s in sag_i ttae_gr_ow:t_h__w_e_r_e_r_e_pr_e_s_e_n_t_e_ct_hy'i-----
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daily rings (Section II), subdaily changes in sagittae growth 

may be responsible for subdaily rings. The only sub-24-hour 

cyclic stimulus that groups I through VI experienced was that 

of feeding. Although feeding cycle did not control daily ring 

formation, it may influence subdaily ring formation. In the 

young laboratory-reared fish (Section I), it was possible that 

the food eaten was evacuated before the next feeding and caused 

a subdaily change in growth. Also, increased activity at feeding 

time or the presence of food might have elevated a growth hormone 

level and caused subdaily changes in growth. Subdaily rings 

in sagittae of young, wild largemouth bass ($ection IV) could 

have been the product of subdaily feeding habits caused by diurnal 

movements or subdaily differences in food availability. Olmsted 

and Kilambi (1971) found that white bass (Morone chrysops) fed 

most heavily during four specific times of the day. Keast and 

Welsch (1968) found distinct feeding periods, within a 24-hour 

period, for bluegill, pumpkinseed, yellow perch (Perea flavescens), 

banded killifish (Fun4ulus diaphanus) and rock bass (Ambloplites 

tl.H)estris). 

My data support the hypothesis that three factors are 

necessary if daily rings are to be formed: 1) a light-dark 

cycle of approximately 24 hours, 2) an internal, diurnal clock, 

and J) daily growth. 

--------------------------
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Table 2. Lengths and weights of fish and otoliths 
for Lake Thomas and Little .IViusky Lake bluegill. 
Fish weight and otolith weight were not measured 
for all fish. 46 
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Table 1. pari sons of terminology used to describe sagitta anatomy 

Taubert ( 1976) rostrum anti rostrum dorsal edge posterior edge ventral edge sulcus nucleus distal surfa e proxima 1 surface 

Messieh (1972) rostrum antirostru dorsal edge postrostrum ventral side sulcus nucleus distal surfa e proximal surface 

Kobayashi, 
et. al. (1 964) anterior anterior dorsal side posterior side ventra 1 side outer side inner side 

Irie (1960) anterior dorsal posterior ventral ,,,., ·"· I inner side 
.:>o 

Watson (1964) anti rostrum dorsa 1 edge edge 
<.n 

rostrum posterior ventral edge furrow nucleus outer surfac inner surface 

Scott (1973) anterior posterior nucleus 

McKern (1974) anti rostrum dorsal lobe post rostrum ventral lobe nucleus 

Pannella (1973) anterior dorsal posterior ventra 1 sulcus nucleus medial surface 
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Table 2. Lengths and weights 6f fish and otoliths for Lake Thomas 

and Little Musky Lake bluegill. Fish weight and otolith 
weight were not measured for all fish. 

Lake Thomas 

~h length (mm) fish weight (gms.) otolith length (mm) otolith weight (gms.) 

55 2.207 2.)2 0.00178 
57 2.779 2.58 0.00240 
62 J.JOO 2.72 0.00260 
)8 0.680 1.64 0.00071 
57 2.509 2.52 0.00230 
53 1.991 . 2.28 0.00201 
53 1.924 2.)2 0.00194 
61 3·533 2.6 0.00266 
70 5.014 2.80 0.00317 
67 4.191 2.84 0.00398 
28 0.282 1.28 0.00035 
35·5 0.540 1.52 0.00057 
)4.5 0.491 1.48 0.00054 
90 ll.5JJ J.72 0.00593 
42 0.958 1.70 0.00073 
J7 0.662 1.~4 0.00065 
42 0.996 1.80 0.00081 
57 2.869 2.68 0.00258 
64 J.71J 2.82 0.00274 
65 ).907 2.88 0.00318 
6J J-524 2.64 0.00250 
JJ.5 o.44o 1.4o o.ooo53 
76 6.515 ).14 0.00371 
64.5 ).946 2.92 0.00302 
92 11.547 ).74 0.00652 
61 J-090 2.58 0.00237 
59 2.948 2.54 0.00223 
85 9ol79 3.50 Oo00491 
97 14.953 ).82 0.00673 
72 5.513 ).06 0.00347 
95 12.3· J.76 o.oo586 
91 5.2)4 J.l4 0.00)50 
57 2.648 2.44 o.oo215 
70 5.250 2.96 Q.00326 
91 12.J95 3.66 Q.00590 
6o 2.925 2.58 o.oo264 
90 10.193 J.68 o.oo605 
91 11.993 J.6o o.oo6oo 
59 2.968 2.58 o.oo235 
59 2.8JJ 2.66 Q.00241 
66 4.078 2.74 o.oo277 
6).5 ).50 2.76 Q.OOJOO 
57 2.600 2.50 Q.00209 
92 12.486 3.82 o.oo67o 
65 J. 806 2. 80 0· 002 92 
68.5 4.80 2.86 Q.OOJ10 
74.5 5.65 ).12 Q.00391 
94 lJ. 72 9 J • 82 o .. 0062 0 
38 0.744 1.62 o.ooo64 
)0 0.)69 1.36 Q.00049 

-~2c.-~6J---- ------- ---------0-.--19-5--------- -- ------- h--1-2 ---------------- --o•00026----



~ish length (mm) 

92 
56 
25 
39 
61.5 
60 
75 
53 
65 
60 
97·5 
55 
67 
93 
72.5 
78 
62 
64.5 
68 
55 
59 
58 
58 
71.5 
76.5 
64 
39 
)2 
35·5 
29.5 
37 
28 
37 
22·5 
61 
82 
67 

107 
12) 
1)4.5 
105 
106 

)6 
)4 
80 
35 
Jl 

fish weight (gms.) 

11.105 
2.460 
0.166 
0.7)6 
J.J60 
J.l)O 

47 

otolith length (mm) 

).78 
2.46 
1.08 
1.60 
2.70 
2. 62 
2.94 
2.)8 
2.80 
2.50 
).92 
2.40 
2.96 
).72 
).02 
J,J8 
2.72 
2.72 
2.92 
2.47 
2.64 
2.48 
2.56 
).00 
).22 
2.84 
1.69 
1.)4 
1.46 
1.)0 
1.59 
1.24 
1.61 
l.JJ 
2.90 
).44 
2.88 
4.26 
4.49 
5.010 
4.26 
4.26 

otolith weight (gms 

0.00652 
0. 00216 
o.00024 
0.00067 
o.oo248 
o.oo24o 
o.OOJ40 
o.oo190 
o.oo270 
o.oo24o 
o. 00708 
0.00176 
0.00))4 
o.oo546 
0.00375 
o. 00405 
o. 00240 
0.00258 
0.00327 
o.oo24J 
o.oo24J 
0.00219 
0.00252 
0.00)6) 
0.00)69 
0.00277 
0.00068 
0.00046 
o.00055 
o.ooo42 
o.ooo63 
o.000)8 
o.ooo62 
o.ooo44 
o.OOJlO 
o.oo417 
o.OOJ06 

Little Musky Lake 

1.48 0.00062 
1.)6 0.00047 
).)6 0.00415 
1.4) o. 00051 
1.28 o.ooo49 
4.79 0.01010 120 

10) 
JO 

4.22 o.00733 
-~---- _______ ~ ____________________ !_.~4 ______ ~------ __ o. QQ_OJ~----~- __ 



h length (mm) 

40 
48 
54 

25 
25 
32 
20 
28 
25 
29 
29 
37 
30 
37 
38 
29 
35 
37 
37 
38 
22 
29 
25 
38 
85 
73 
79 
33 
27 
35 
37·5 
31 
81 

.ll? 
121 
125 
107 
110 
1].4. 
122 
33·5 
90 
95 
79 
85 
91 
97 
88 
86 

48 

otolith length (mm) otolith weight (gms. 

1.6 
1.84 
2.10 
1.28 
0.82 
0.85 
1.16 
0.72 
0.96 
0.84 
1.04 
1.10 
1.34 
1.21 
1.28 
1.36 
1.12 
1.28 
1.4 
1.36 
1.34 
0.8 
1.06 
0.84 
1.44 
3.42 
J.OO 
J.4 
1.)6 
1.08 
1.48 
1.56 
1.22 
J.J2 
).4 
4.80 
4.96 
4.)9 
4.79 
4.79 
4.86 
1.34 

- ).64 
J.68 
J.4 
).24 
3.44 
J.92 
J.28 
J.22 

0.00042 
o. 00402 
o. 00452 
o. OlOJ5 
o. 01062 
o.oo?J5 
0.00946 
0.00975 
o. 01192 
o. 00050 
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