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Abstract 

The knowledge acquired from aging fish and discovering their growth rate at both the daily 

and the yearly scale is not only informative of the biology of the species itself, but also the 

environment it lives in. Different fish aging techniques are available and the one most 

commonly used involves counting periodic growth increments of calcified or bony 

structures, such as otoliths. Otoliths grow constantly over the fish‘s lifespan accumulating 

seasonal layers of calcium carbonate called annuli and thus are ideal for age analysis. 

Another aging technique regularly used involves plotting a length-frequency histogram and 

identifying patterns of modes that correspond to each age group of the fish species. Here 

both of these methods are used to analyse the annual age of three-spined sticklebacks 

(Gasterosteus aculeatus) from two different freshwater lakes in Iceland. The number of 

annuli are counted on the otoliths for each fish, and the relative length of the annuli  from 

the otolith core (annuli radii) is measured. This information is used to predict at what size 

of the sticklebacks on average the annuli start to form. There is a considerable difference 

between the lakes at what sizes the annuli are forming which could be explained by 

different features of the lakes, such as temperature. Length-frequency histograms are made 

from larger data sets and the mean size of each age group from this study is superimposed 

on the graphs to compare them to the modes. The average fish lenght of each age group 

does not correlate to the pattern of modes in the histograms for either of the lakes, so the 

analysis of the annuli is more appropriate for age estimations of the stickleback than length 

based approaches. By knowing more precisely the time of breeding and egg hatching of 

sticklebacks in these two lakes, the analysis of  the Icelandic stickleback would have 

however improved with more accurate results.   
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1 Introduction 

1.1 Age analyses  

Knowing the age of fish and knowing the growth rate of certain species can give a lot of 

information such as population dynamics (like growth, mortality and recruitment), stock 

structure and harvest calculations. It can also give some information on the ecosystem that 

the fish are living in. Different fish aging techniques are available, such as collecting and 

counting the periodic growth increments of calcified or bony structures which are 

commonly used by fishery biologists. These calcified and bony structures include otoliths, 

scales, fin rays, spines, vertebrae and more (Campana, 2001; Maceina et al., 2007). Other 

fish aging methods include radiochemical dating, length-frequency plots, captive rearing, 

mark-recapture of tagged individuals, and further (Campana, 2001). 

 

Otoliths are the structures most frequently used for fish aging because of their accuracy 

and how relatively easy it is to prepare and read them. They are found in teleost fish and 

occur in three pairs on either side of the semipermeable inner ear membrane (Campana & 

Thorrold, 2001). The largest pair, the sagittae, is most commonly used for researches but 

the other two pairs, the lapilli and asteriscii are also occasionally used (Campana & 

Neilson, 1985). Otoliths are primarily composed of calcium carbonate which accumulates 

in layers throughout the life of a fish. The growth of otoliths is continual and independent 

of the fish’s somatic growth and therefore ideal for age analysis. Otoliths accumulate 

growth rings which correspond to daily, seasonal or annual patterns. These patterns appear 

as a series of alternating translucent and opaque bands, or zones, radiating out from the 

core of the otolith. These growth increments can be identified as thin 24-h daily growth 

bands, or broad yearly growth zones called annuli (Campana, 2001; Campana & Thorrold, 

2001). For sticklebacks, the times of the year at which the two alternating growth bands are 

laid down vary from population to population (Wotton, 1984). For the otoliths of this 

study’s sticklebacks, the translucent bands represent the winter growth, and the opaque 

bands represent summer growth when examined under the microscope by reflected light 

against a dark background. Another beneficial characteristic of otoliths is the lack of 

resorption. During periods such as starvation the otoliths continue to grow while other 

structures like scales and bones can be resorbed (Campana & Neilson, 1985).        

 

Another aging technique that is practiced involves plotting up the frequencies of the length 

measurements of the fish, and most often a pattern of peaks or modes can be detected. 

These modes correspond to each age group assuming that fish from each year-class are 

similar in size, especially the younger fish. This procedure of length and frequency 

sampling dates back to 1891 (Gulland & Rosenberg, 1992). As fish get older their growth 

slows down so the modes get less distinguishable and the age groups start to fuse together. 

There can be variations in size within the same age group, but typically it shows a normal 

distribution where a certain mean length has the highest abundance. Fish don’t spawn on 

the same day, so one can assume that fish which hatched early in the spawning season will 

be bigger than the fish that hatched later, thus possibly spreading the normal distribution 
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and making it wider for each age group. Estimating the changes in the modes from year to 

year can then be further used to analyze the growth rate (Gulland & Rosenberg, 1992). 

 

1.2 The three-spined stickleback (Gasterosteus 
aculeatus) 

The three-spined stickleback is of the class Teleostei and the family Gasterosteidae. It is a 

small, streamlined fish, between 20-80 mm long and gets its name from the three sharp 

dorsal spines in front of the dorsal fin. It usually has three spines, but two or four spines are 

also seen. The pelvic fins of the stickleback have reduced to sharp spines and small rays. 

Coloration is cryptic with a darker upper side of the body and a silver underside. 

Sticklebacks lack scales but along the sides of the fish are lateral bony plates and the total 

number of plates depends on the habitat. Fins and spines tend to be longer and more 

conspicuous for populations living with many predators (Bell & Foster, 1994; Freyhof et 

al., 2015; Wotton, 1984). Sticklebacks are found in boreal and temperate regions of the 

Northern Hemisphere, in fresh, brackish and marine water (Bell & Foster, 1994; 

Kristjánsson et al., 2002). In freshwater, sticklebacks stay in muddy or weedy areas while 

in marine water they are benthopelagic and usually anadromous (Freyhof et al., 2015; 

Kristjánsson et al., 2002). The anadromous form spends the majority of its adult life in the 

ocean moving to freshwater only to breed. It is believed that freshwater populations 

evolved from the anadromous form after becoming isolated from changing sea levels (Bell 

& Foster, 1994).      

Sticklebacks are generalist carnivores and feed on zooplankton and small invertebrates 

such as crustaceans and insect larvae, and more. The sticklebacks breed during early spring 

and summer, or from late April to July (Bell & Foster, 1994; Freyhof et al., 2015; Swarup, 

1958; Wotton, 1984). Icelandic researches in lake Mývatn have shown that sticklebacks 

there breed from early June to early August (Guðmundsson, 1996, Gíslason et al., 1998). It 

is on the other hand possible to have sticklebacks breed year round in laboratories by 

manipulating the light intensity and the amount of food provided (Swarup, 1958). Before 

breeding, the male becomes very territorial and the color of its body changes. Its ventral 

belly area turns orange, and its sides become blue-green. The male builds tunnel-like nests 

made of plant materials and kidney secretions on the muddy bottom. They attract the 

females with zig-zag-like dancing and after the females go inside the nests to spawn they 

are driven away by the male who then fertilizes the eggs. The females lay about 100 to 150 

eggs at a time. The males take care of the eggs by defending them from predators and 

making sure they get enough oxygen (Bell & Foster, 1994; Freyhof et al., 2015).  The eggs 

hatch in 6-8 days, but the rate of development depends largely on the temperature and 

oxygen content of the water. Newly hatched stickleback larvae are about 3 mm in length 

and nine days after hatching the larvae resemble the shape of an adult fish. The young fish 

finally bear all typical stickleback characters after 22 days of hatching at the length of 11 

mm (Swarup, 1958). Sticklebacks reach sexual maturity within 1 to 2 years of hatching. 

The lifespan of three-spined sticklebacks ranges from 1 to 3 years but they have been 

found to live for over five years in the laboratory (Bell & Foster, 1994). Even though the 

commercial importance of the stickleback is close to none, its ecological value is great. 

They are a source of food for various animals but also act as predators on smaller 

organisms and thus, are a vital component in the food chain both in freshwater and marine 
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systems. The stickleback is also one of the most studied fish in the world, contributing as a 

model organism in numerous behavioral and evolutionary ecology studies (Lefébure et al., 

2011). 

The natural predators of sticklebacks are birds, other fish species and macroinvertebrates 

(Bell & Foster, 1994). Many species of parasites use the three-spined stickleback as an 

intermediate host or a final host (Guðmundsson, 1996). The tapeworm Schistocephalus 

solidus is the most studied parasite and it uses the stickleback as an intermediate host. It is 

a cestode and is found in the body cavity of the fish. The life cycle is complex but the larva 

begins on infecting copepods which sticklebacks then feed on. It migrates through the gut 

and to the body cavity where it can grow enormously and surpass the mass of the host 

itself. The final stage of the parasite is when the stickleback is ingested by a bird, where it 

matures sexually and reproduces. The eggs are then released back into the water with the 

bird‘s feces (Confer et al., 2012; Wotton, 1984). The S. solidus deprives the stickleback of 

most of its food and nutrition and affects its growth. The heavily infected ones have a 

bulky body which hinders their capabilities to swim so they become more susceptible to 

predation. The parasite can also affect the sexual maturity of sticklebacks by delaying or 

preventing the development of reproductive organs (Pennycuick, 1971).  

 

  

1.3 Objectives and predictions 

For this research I apply both otolith analysis and length-based approaches to examine and 

estimate the age and growth of three-spined sticklebacks from two freshwater lakes in 

Iceland, Laugarvatn and Vatnsmýri. No previous published researches have been made on 

sticklebacks in either of these lakes. I count the number of annuli on each otolith and 

measure their relative distance from the core (annulus radius). I also measure the radii of 

the otoliths. These measurements are then compared to the length of the sticklebacks to 

make predictions and estimations on when these annuli form during the life of the fish. 

For this approach I will (1) use the data to analyse the radii of the annuli and predict at 

what size of the sticklebacks the annuli form, and (2) compare modes on length-frequency 

plots to the age groups to see if they are equivalent.  

I expect the radii of the annuli to be similar of sticklebacks from the same lake and that 

they are forming at similar fish length. Secondly, I expect the peaks of the length-

frequency plots to match the average sizes of the age groups and thus acknowledge that the 

modes correctly represent the ages of the fish. Then it can perhaps become a good tool for 

analysing and predicting the age of sticklebacks using their length measurements instead of 

otolith readings, or other bodily features.    
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2 Material and Methods 

2.1 Sampling 

Sampling took place on the 27th and 28th of November 2018 at Vatnsmýri in Reykjavík 

and at Laugarvatn in Bláskógabyggð (Figure 2.1). Five unbaited minnow traps with mesh 

size of 3 mm were placed in each lake to collect samples. They were placed overnight in 

Vatnsmýri and midday for roughly 3 hours in Laugarvatn. 60 sticklebacks were collected 

from each lake and their length was measured immediately. The measurements were 

rounded to the nearest 1.0 mm, measuring from the snout to the fork of the caudal fin. The 

fish were then placed in small plastic bags labelled with their length and lake. Then they 

were stored in a freezer up until the otolith extraction. 

I was provided with two extra data sets from previous studies, one from each lake. The 

data from Laugarvatn was from August 2017 and included length measurements of 1419 

sticklebacks. The data from Vatnsmýri was from October 2017 and included length 

measurements of 321 sticklebacks. These data were plotted up in length-frequency 

histograms and used for comparisons of the data from this study.  

 

2.2 Study areas 

Laugarvatn is a freshwater lake located in Bláskógabyggð in the southwestern part of 

Iceland. It is about 90 km from Reykjavík, placed midways between Þingvellir and 

Gullfoss, in the heart of the Golden Circle. There are geothermal springs under the lake‘s 

surface making it warm in some spots year-round. Laugarvatn is not a large lake, or only 

about 2 km
2
 in size, and its deepest point is 2 meters (Pandourski & Evtimova, 2005). One 

can find plenty of Arctic chars, brown trouts, and sticklebacks in the lake, and the bird life 

is diverse with many waterbirds and waders feeding and laying eggs in the area 

(Skarphedinsson et al., 2016) 

Vatnsmýri is a small freshwater wetland right next to Askja, the Natural Science building 

of the university. It has two connecting ponds, Vatnsmýrartjörn and Hústjörn and together 

they are about 0,07 km
2
 in size and 0,8 m deep on average. Warm wastewater runs into 

these ponds which keeps them above freezing point (Malmquist et al., 2008). Vatnsmýri 

was defined as a nature reserve for birds in 1984 focusing on nesting activities. The bird 

diversity is high but mainly includes waterbirds and waders. In the ponds there are various 

smaller organisms such as zooplankton, copepods, lake flies, pond snails and the three-

spined sticklebacks (Gustafsdottir, 2011). 
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A) 

 
 

B) 

 

Figure 2.1. Aerial images of the study areas with the sampling spots marked red.  

A) Laugarvatn. The water had frozen over for a big part of the lake at the time of sampling 

but there was a small patch that was still warm and sufficient enough to set out the minnow 

traps in. The traps were spread over a sampling area that constituted of only about 30-40 

meters so the 5 sampling dots appear as just one spot on the image. B) Vatnsmýri has two 

ponds, Hústjörn and Vatnsmýrartjörn but sampling occured mainly in Hústjörn. Both 

images are acquired from Map.is. 
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2.3 Otolith extraction and treatment 

The otoliths were extracted and examined using dissecting tools and a binocular 

microscope. All three otolith pairs were examined but the largest ones, the sagittae, were 

the only ones useful for age estimations. The sagittae pairs were extracted by slicing the 

top of the cranium off of the fish with a scalpel, and the brain tissue shifted to expose the 

otolits. The sagittae were then removed with very fine forceps and placed flat on labelled 

microscope slides. Once the otoliths were dry they were mounted on the slides using 

cyanoacrylate glue (Krazy Glue) to both hold them on the slides and to clear the otoliths. 

The otoliths were placed with the sulcus side both up or down since it wasn‘t clear before 

imaging them which side would reveal the annuli better. Ultimately there were 40 otoliths 

used from each lake for data analysis.  

A few sticklebacks from each lake were also dissected abdominally to see if they were 

infected with the parasitic tapeworm Schistocephalus solidus. The scalpel and forceps were 

used to cut open the body cavity and pull out the larvae if they were present. Only 

sticklebacks from Laugarvatn were detected with the parasite.   

 

2.4 Otolith imaging and measurements 

The otoliths were imaged using a Leica S4E microscope equipped with Leica KL300 LED 

cold lights and an Olympus DP74 camera (5760 x 3600 resolution). The otoliths were 

examined under the microscope using a reflected light against a dark background. Some of 

the otoliths were too cloudy and had to be polished for better visualization of the growth 

bands. A 3 μm and a 30 μm lapping film was used to polish down the glue and the otoliths 

to better reveal the annuli. The micro imaging software cellSens from Olympus was then 

used to both enhance the images and measure the otoliths. First, the radii of the otoliths 

were measured starting from the center reaching to the edge, Then the radii of the annuli 

were measured, aligned with the line of the otolith radius. Two slightly different measuring 

techniques were used for the otoliths at each lake. For the otoliths from Laugarvatn the 

radius was measured perpendicular to both the core and the lower part of the notch of the 

otoliths (Figure 2.3 A). For the otoliths from Vatnsmýri, the radius was measured in 

contrast to the middle of the notch using a perpendicular line (Figure 2.3 B). 
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Figure 2.2. The two different measuring techniques between lakes. The numbers represent 

the radii and the annuli. A) The otoliths from Laugarvatn were measured using a 

perpendicular line going through the core of the otolith and parallel with the lower part of 

the notch. The number 3 stands for the radius and the number 4 marks where the 1
st
 

annulus is forming. B) The otoliths from Vatnsmýri were measured in correlation to the 

middle of the notch, independent of the core. The number 1 represents the perpendicular 

line groing through the notch, the number 3 is the radius, the number 4 indicates where the 

1
st
 annulus starts, and the number 5 marks where the 2

nd
 annulus stars. The author is 

unaware of what happened to the number 2 on this figure.       

 

 

 

2.5 Statistical analyses 

The relationship between the otolith measurements (the otolith radius and the annulus 

radius) and the fish lengths was quantified using regression analysis for each lake. The 

otolith radius essentially represents the otolith size. If the slope of the linear regression is 

not significantly different than zero for the relationship between the annuli radii and the 

fish lengths, it indicates that the sticklebacks form the 1
st
 and 2

nd
 annuli at the same fish 

length (Figure 3.1 and 3.2). The fish size is the independent variable and the annuli radii is 

the dependent variable. This can also be used to detect outliers that should be assessed as 

the annuli above or below instead. The relationship between the otolith radius and the 

length of the fish was also measured with linear regression analysis to be able to predict at 

what length of the sticklebacks on average the 1
st
 annulus and the 2

nd
 annulus starts to form 

(Figure 3.3). Residual plots were made to detect nonlinearity and non-normality (Figure 

3.4), and correlation analysis was also used to describe the strength of the association 

between fish length and otolith size.  

The two extra data sets I was provided with for each lake were plotted up in length-

frequency histograms, and the mean length of the two age groups from this study were 

added to it for visual comparisons (Figure 3.5). While the sticklebacks from the extra data 

were sampled earlier in the year than the ones for this study, the length measurements had 

to be calibrated for this time difference. To be able to back-calculate how much the mean 

A) 

B) A) 
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length for each age group would change over those few months, the daily growth rate had 

to be determined. However sticklebacks can hatch between late April and early August so 

a minimum and maximum daily growth rate had to be evaluated for the sticklebacks less 

than year old. For the sticklebacks over a year old, the difference in average length of the 

0+ was subtracted from the average length of the 1+ ones to see the average growth in one 

year. With these daily growth rates and the number of days between data collections, it was 

possible to calculate what the average size of the sticklebacks should have been at the time 

of sampling for the extra data. 

Additionally, a two-sample t-test was used to compare the mean lengths of the age groups 

of each lake to see if there is a significant difference between the lakes which could 

possibly be explained by the parasitic tapeworms or environmental differences between the 

lakes.  
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3 Results  

The stickleback sagittae are roughly round-shaped with a V-shaped notch at one side 

(Figure 2.2). On the otoliths from my samples, I identified only one or two annuli, so I 

determined otoliths with one annuli to be from 0+ year old sticklebacks since they were 

experiencing their first winter and were not fully one year old. Otoliths with two annuli 

were from sticklebacks going through their second winter and therefore marked 1+ year 

old. Of all the 40 sticklebacks from each lake there were in total 12 from Laugarvatn that 

had a second annuli and were 1+ years old, and 15 from Vatnsmýri (Table 3.1). There was 

no otolith in either lake that showed no annulus. The average radius of each annulus for the 

lakes is shown in Table 3.1. 

 

Figure 3.1. Two otoliths from each lake demonstrating both age groups. A) Otolith from a 

0+ stickleback from Laugarvatn. The annuli is right at the edge which confirmes that the 

dark bands form during the winter since sampling took place late November. B) Otolith 

from a 1+ stickleback from Laugarvatn. The first annuli is midway through the otolith and 

the second annuli is right at the edge. C) Otolith from 0+ stickleback from Vatnsmýri.  

D) Otolith from 1+ stickleback from Vatnsmýri.    
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Table 3.1. A summary of simple statistics for the annuli radiii of the otoliths from each 

lake.    

 
Laugarvatn Vatnsmýri 

To 1
st
 annuli To 2

nd
 annuli To 1

st
 annuli To 2

nd
 annuli 

Mean (μm) 208.54 304.82 176.01 238.03 

Standard 

deviation (μm) 
16.30 21.86 19.10 20.70 

Sample size n 40 12 40 15 

 

Regression analysis was used to evaluate whether the slope of the 1
st
 annuli radii against 

fish lengths was significantly different than zero (H0: β = 0), to see if the sticklebacks 

formed the annulus at the same fish length (Figure 3.1). For the Laugarvatn data the null 

hypothesis is rejected (t38 = 2.76, P = 0.009) and the slope is significantly different than 

zero, demonstrating that there is an increase in the annulus radius with fish size. The slope 

is however very low as Figure 3.1 shows and there is very little difference in radius of the 

1
st
 annulus across fish lengths. For the Vatnsmýri data however the results show that the 

slope is not significantly different than zero (t38 = 0.38, P = 0.710) and that the null 

hypothesis cannot be rejected, so there is not an increase in 1
st
 annulus radius with fish 

size. The difference in the coefficient of determination (R
2
) also displays this variation 

between the lakes. At Laugarvatn it is about 16%, while at Vatnsmýri it is only 0.4%.  

Of all the upcoming figures, the results from Laugarvatn are always above and the results 

from Vatnsmýri are always below. 
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Figure 3.2. Linear regression between fish size and the radii of the 1
st
 annuli for each lake. 

The regression analysis results in a significant difference between fish size and the radius 

of the 1
st
 annulus at Laugarvatn, but not at Vatnsmýri. This suggests that the annulus 

radius increases with fish length at Laugarvatn, but at Vatnsmýri the 1
st
 annulus forms at 

the same fish length. The R
2
 is moderately different between lakes as well but it measures 

how much percent of the length of the fish explains the variation in the annuli radii.      

The same statistical analysis was applied to the slope of the 2
nd

 annuli of each lake (Figure 

3.2). For Laugarvatn the null hypothesis of zero slope is rejected (t10 = 3.77, P = 0.004), 

and likewise for Vatnsmýri (t13 = 4.53, P < 0.001). The coeffiecient of determination is 

high for both lakes, or 59% and 61% respectively.   
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Figure 3.3. Linear regression between fish size and the radii of the 2
nd

 annuli for each 

lake. The t-tests for both Laugarvatn and Vatnsmýri show that the slopes are significantly 

different than zero. R
2
 is also high for both lakes so the radii to the 2

nd
 annuli are 

increasing with fish length.    

The relationship between fish size and otolith size should positively correlate so regression 

and correlation analysis was applied (Figure 3.3). To detect non-linearity and non-

normality residual plots were made (Figure 3.4). The correlation analysis for both 

Laugarvatn (r = 0.920, t38 = 14.49, P < 0.001) and Vatnsmýri (r = 0.911, t38 = 13.61, P < 

0.001) showed that there is a strong positive relationship between otolith size and fish 

length for both lakes. The coefficient of determination (R
2
) is great for both lakes (85% 

and 83%) and is a measure of the fit of a regression line to the data and also measures the 

percentage of variation which is explained by the slope. This, like the R
2
, shows how 

strong the correlation between fish length and otolith radius is. Next, the equations of the 

regression lines were used to predict at what stickleback size the annuli form. The average 
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1
st
 annulus radius is 208.54 μm, and is 304.82 μm for the 2

nd
 annulus at Laugarvatn. 

Putting those values for X in the equation gives 25.50 mm and 43.43 mm respectively. In 

other words, the regression line predicts that sticklebacks from Laugarvatn are 25.50 mm 

long on average when the 1
st
 annulus starts to form, and 43.43 mm on average when the 2

nd
 

annulus starts to form (Figure 3.3). At Vatnsmýri, the average 1
st
 annulus radius is 176.01 

μm, and 238.03 μm for the 2
nd

 annulus. The regression line for Vatnsmýri predicts that 

sticklebacks are 16.15 mm on average when the 1
st
 annulus forms and 35.22 mm when the 

2
nd

 annulus starts to form.      

 

 

Figure 3.4. The relationship between otolith size and fish length. The coefficient of 

determination demonstrates the strong positive correlation between otolith size and fish 

length at both lakes. The equations from the regression lines are used to predict at what 

sizes of the sticklebacks the annuli form (orange dashed lines) by inserting the measured 

average annuli radii for X.   
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Figure 3.5. Residual plots for the relationship between otolith size and fish size for each 

lake. If the points are randomly dispersed around the horizontal axis, the assumption of 

normally distributed residuals and equal variance is met, and a linear regression model is 

appropriate. Both graphs show random distribution of scatter points around the horizontal 

axis, so the linear regression analysis can be applied for both lakes.    

The extra data sets obtained from each lake provided a much larger sample size than the 

frequency of sticklebacks from this study, and are useful to detect modes in plotted length-

frequency histograms. The sticklebacks sampled for this study are too few and were not 

collected randomly to be useful for length-frequency analysis (Figure 3.5). The smallest 

and the largest sticklebacks were purposely collected first for better otolith comparisons, 

and the middle sized sticklebacks were collected after. The extra data from Laugarvatn 

includes length measurements of 1419 sticklebacks from August 2017, while the data from 

Vatnsmýri includes 321 length measurements from October 2017. The mean lengths with 

error bars of each age group (Table 3.2) from this study were superimposed on the length-
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frequency histograms from the previously collected data for visual comparisons (Figure 

3.6).   

 

 

Figure 3.6. Length-frequency plot of the 60 sticklebacks from each lake sampled for this 

study. This histogram is not useful for detecting modes for age group analysis.  
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Figure 3.7. Lengh-frequency histograms for each lake. The extra data sets that were 

provided are in blue, and the age groups from this study are in orange. The mean sizes of 

the sticklebacks at each age group are labelled above the orange columns along with the 

95% confidence intervals around it. The mean sizes (orange columns) are the sizes of the 

sticklebacks at the time of sampling in November.  
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Table 3.2. Frequency and mean fish length with 95% confidence intervals of each age 

group from this study collected in November.  

 Laugarvatn Vatnsmýri 

Age groups 0+   1+ 0+ 1+ 

Frequency 28 12 25 15 

Average fish length 

(mm) 
32.6 50.8 33.0 45.8 

95% confidence 

intervals around 

average fish length 

29.5 < μ < 35.6 46.4 < μ < 55.1 28.4 < μ < 37.6 40.3 < μ < 51.3 

   

To be able to correctly compare the peaks of the length-frequency histograms to the age 

groups from this study, the dates of when the samples were collected have to be calibrated. 

The sticklebacks from the extra data from Laugarvatn were collected August 23
rd

, while 

the ones for this research were collected November 28
th
. That gave the sticklabacks extra 

97 days to grow which likely caused the average fish length of each age group to increase. 

Likewise, the extra data from Vatnsmýri was sampled October 3
rd

, while the fish from this 

study were sampled November 28
th

, which is a 56 days difference. The growth rate of the 

sticklebacks is needed to find out the change of the average fish length of each age group 

from November to the time of sampling of the extra data sets. In the literature it is 

described how sticklebacks can hatch between late April and early August (Bell & Foster, 

1994; Freyhof et al., 2015; Swarup, 1958; Wotton, 1984; Gudmundsson, 1996), but “late” 

and “early” aren’t very accurate so April 30
th

 and August 1
st
 were chosen to calculate 

minimum and maximum daily growth rate for the 0+ year old sticklebacks. For the daily 

growth rate of the 1+ sticklebacks, the average lengths of the two age groups are compared 

to see how much the growth is on average in one full year. 

With the growth rate ready it is possible to back-calculate what the average fish length 

would have been for the age groups at the time of sampling of the extra data sets. With 

minimum daily growth rate (hatched April 30
th

) the average size of the 0+ sticklebacks 

from Laugarvatn would have changed from 32.6 mm to 19.0 mm if collected in August, 

and with maximum daily growth rate (hatched August 1
st
) it would have changed to 8.5 

mm. The growth rate is slower for older fish so the average size of the 1+ sticklebacks 

from Laugarvatn would have changed from 50.8 mm to 45.9 mm if sampled in August 

instead of November. 

For the sticklebacks in Vatnsmýri the difference in days is 56 days between collection,  so 

the average size of the 0+ fish would have changed from 33.0 mm to 25.1 mm with 

minimum daily growth rate, and to 18.9 mm with maximum daily growth rate. For the 1+ 

year old sticklebacks the average size would have changed from 45.8 mm to 43.8 mm if 

collected in October instead of November. 
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Additionally, a two-sample t-test was used to compare the average size of the 0+ year old 

sticklebacks and then the 1+ year old sticklebacks between lakes to see if there is a 

significant difference possibly caused by the parasite Schistocephalus solidus (Figure 3.7). 

Five sticklebacks from each lake were dissected and all the sticklebacks from Laugarvatn 

were found to be infected (5/5) and none from Vatnsmýri (0/5). Regardless, there was no 

significant difference in average size of either age groups between lakes (0+: t51 = 0.16, P 

= 0.871; 1+: t25 = 1.47, P = 0.153).   

 

 

Figure 3.8. A stickleback from Laugarvatn which was infected with two parasitic 

tapeworms. 
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4 Discussion 

The sticklebacks from Vatnsmýri seem to be much smaller on average when the annuli 

form than the ones in Laugarvatn. Regression analysis allowed to predict at what length of 

the sticklebacks the annuli start to form. The 1
st
 annulus forms when the fish are 25.50 mm 

on average in Laugarvatn, while they are 16.15 mm on average in Vatnsmýri. The 2
nd

 

annulus starts forming at the fish size of 43.43 mm on average in Laugarvatn, and 35.22 

mm on average in Vatnsmýri. These results show how the sticklebacks are smaller in 

Vatnsmýri when they form the annuli than the fish in Laugarvatn. There are few 

hypotheses for this to happen: the breeding season is actually different between the two 

lakes and that the Vatnsmýri sticklebacks are hatching later than the Laugarvatn 

sticklebacks, or that the sticklebacks are experiencing the winter later in Vatnsmýri due to 

the nature of the lakes. The first hypothesis could be verified if the breeding seasons would 

be established in the two lakes like described earlier. In the later reason the different 

characteristics, such as temperature between the lakes could explain these results. At the 

time of sampling a large proportion of Laugarvatn was frozen, while Vatnsmýri was not 

frozen at all. This factor could have a big influence on the growth rate of the sticklebacks 

in these lakes. The last explanation and probably the most significant one is the fact that 

two different measuring techniques were used to measure the otoliths from each lake. The 

fish length predictions are based on the average radii of the annuli, so different measuring 

techniques result in different mean annulus radius length. Even though the difference in the 

techniques themselves is not gigantic, it could affect measurements at such a small scale.  

Otolith annuli appeared to form in sticklebacks at a certain length, but there was a tendency 

for larger fish to have larger annuli radii. Regression analysis enabled the examination on 

whether the annuli radii are the same of all the sticklebacks independent of the fish size. 

Assuming that same aged fish are similar in size, the annuli should form around the same 

time. For the Laugarvatn sample, the slope of the 1
st
 annulus radius compared to fish size is 

significantly different than zero signifying that there is a difference in the radius of the 1
st
 

annulus of those sticklebacks. The slope is very low however and even though the 

difference is significant, it is certainly not large. At Vatnsmýri there isn‘t a significant 

difference between the measurements of the 1
st
 annuli so it looks like there it does form 

independently of fish size (Figure 3.1). For both lakes the 2
nd

 annulus radius clearly 

increases with fish length as the graphs show (Figure 3.2). I would expect the annuli radii 

to be the same independent of fish size, but these raw results show differently. This 

indicates that the annuli are forming depending on fish size, especially after the fish have 

lived for over a year. The formation of the 1
st
 annulus however is much more similar 

across fish lengths than the 2
nd

 annulus. The explanation for this could be the long breeding 

season. The sticklebacks hatching in April and May have 3-4 months of growth before the 

sticklebacks in August hatch. The winter starts at the same time regardless of hatching time 

so the May sticklabacks have accumulated more calcium carbonate in their otoliths than 

the August sticklebacks when the dark winter bands start to form. For this to be proven the 

timing of when sticklebacks hatch in these lakes should be analysed and pinpointed. 

Only sticklebacks from Laugarvatn were infected with the parasite Schistocephalus solidus 

so it was possible to measure the parasite‘s effect on growth by comparing the average 
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sizes of each age group between the lakes. This parasite deprives the fish of most of its 

nutrition and can affect its growth. It makes the stickleback more susceptible to avian 

predation so that it can finish its life cycle. The t-tests showed no significant difference in 

either groups which is very interesting. There are numerous factors among parasite effect 

that could be influencing this and a lot of differences in the nature of the lakes and in the 

environment between the two lakes like temperature, bird diversity, or pollution that could 

be playing a part in this analysis. Surely the tapeworm‘s effect on the sticklebacks from 

Laugarvatn could be small enough that no significant difference is measured. This would 

be very interesting to study more extensively. Also, there were only a few sticklebacks 

from each lake that were dissected since this idea came up very late in the process and 

most of the sticklebacks had been disposed of. There is always the possibility that I got 

„lucky“ and none of the sticklebacks from Vatnsmýri I dissected were infected with this 

tapeworm even though it is found in the lake.         

Length-frequency histograms often give an idea on the number of age groups in a sample 

with the number of modes it presents, if the sample size is large enough. On figure 3.5 I 

compare the age groups to length-frequency plots from each lake. For Laugarvatn there are 

two distinct modes in the histogram and the average length of the 0+ age group (32.6 mm) 

fits with the second mode that peaks at 33 mm. However the back-calculations show that 

the average size of that age group should be between 8.5 mm and 19.0 mm of the time of 

earlier sampling. There is a very small mode around 17 and 18 mm but for that to be the 

corresponding 0+ age group, the 1+ age group would have to shift down to the 33 mm 

mode instead. That does not happen since the back-calculations for the 1+ group goes from 

50.8 mm down to 45.9 mm. The same thing happens to the Vatnsmýri data. There are two 

modes in the histogram and the 0+ age group (33.0 mm) fits with the first more which 

peaks at 31 mm. With the back-calculations the age group shifts down to between 18.9 mm 

and 25.1 mm. The 1+ age group (45.8 mm) is actually situated lower than the second peak 

in the histogram (50 mm) and the back-calculation (43.8 mm) doesn‘t match the 1+ age 

group with any peak on the graph. Based on my results and statistical analyses it is not 

achievable to estimate the age of sticklebacks to their length measurements even though it 

seems like the data fits better without including the back-calculations. It seems that otolith 

analysis is much more accurate and definite than length-frequency approaches to estimate 

the age of sticklebacks. Undeniably these back-calculations are very error prone and have a 

lot of imprecise assumptions: the hatchlings are the same size, the estimated hatching time 

is over a very long period of time, and the sticklebacks are growing equally over the 

seasons. Fish actually grow slower over the winter than over the summer so the assumption 

of equal daily growth needs to be dismissed. The daily growth rate estimations is more or 

less based on growth throughout the summer but it is likely that growth of these fish 

slowed right down in late fall as temperatures fell. Therefore, without knowing the actual 

daily growth rate in late fall, it wasn‘t possible to accurately estimate how big the fish 

would have been with the earlier sampling data. Again, I do believe that knowing more 

accurately the time of breeding and egg hatching would give better results and a better 

analysis of the Icelandic stickleback. 

Like previously stated, no researches have been published on otolith analysis of 

sticklebacks in these two freshwater lakes in south Iceland. Gíslason et al studied the 

population density of sticklebacks in Mývatn, a freshwater lake in northern Iceland, and 

used otolith analysis and length-frequency distribution to determine the age (Gíslason et al, 

1998). The fish ages were categorized into: newly hatched sticklebacks (0+), one-winter-
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old (1+), and two-winter-old (2+) sticklebacks. They focus more on the length distribution 

of the sticklebacks than the otolith analysis, and demonstrate that the fish grew up to a 

maximum of 45 mm in the 1st year, were to the lengths of 45-70 mm in the second year, 

and 70-80 mm in the third year. These sizes equal the ones from this study and also show 

how no three year old sticklebacks were collected or analysed in Laugarvatn or Vatnsmýri 

since none reached that length. They don‘t describe their results on the otolith analysis but 

refer to the method that Jones and Hynes used in their research in 1950. Jones and Hynes 

studied three-spined sticklebacks in freshwater in England and did a detailed otolith 

analysis and length-frequency approach for age estimations. They showed that estimating 

the age of sticklebacks using only their size distribution can be misleading because of the 

overlapping of different age groups. Their otolith results are however the opposite of the 

results from this study. Under reflected light they identified transparent (dark) zones 

forming only during the period of June to September, the peaks of the summer, and the 

opaque zones forming other months (Jones & Hynes, 1950). They also concluded that 

sticklebacks don‘t live more than about 3 ½ years. There the hatching occurred at the end 

of April but it would be very interesting to compare the stickleback otoliths between 

Iceland and England. Wotton (1984) states in his book that the times of the year at which 

the two alternating growth bands are laid down can vary from population to population and 

these findings are a clear indicator of that.  

Allen and Wotton (1982) on the other hand obtained very similar results as this research. 

They studied the age, growth and rate of food consumption of sticklebacks in Wales. The 

pattern of the annuli under reflected light showed that the transparent zones were present 

from late autumn until the following spring, and that the opaque zones formed over spring 

and summer (Allen & Wotton, 1982). Very few fish reached the age of two years or older 

where the second translucent zone was the outermost ring on the otoliths, just like the 

otoliths of the 1+ year old sticklebacks from this study. They studied the growth pattern as 

well by sampling adults at three week intervals and fry at weekly intervals. The growth rate 

was slow in the autumn and ceased during the winter, while in spring and early summer the 

growth rate increased fast again. The growth rate was the highest in the first month of life. 

Length-frequency analysis was also applied where single modes in the histograms 

dominated but bimodal distributions were mainly seen during or right after the breeding 

period. The majority of these results are equal or similar with the results from the southern 

Icelandic sticklebacks. The pattern of the annuli appears to be the same and the ages as 

well. It also supports the fact that equal daily growth rate of the sticklebacks needs to be 

reconsidered for the back-calculations of this research.            

Investigating all these factors help in advancing the basic understanding of the three-spined 

stickleback and the life history traits of the species. The results from this research could be 

useful for studies further seeking to learn about this freshwater and marine organism and 

could lay a foundation for more ecological discoveries in Iceland. With the growth of 

knowledge on stickleback behaviour, ecology, physiology and evolution around the world, 

I hope there will be more age and otolith researches on the Icelandic stickleback in the 

future since there is always more to learn about this small creature that can be found all 

over Iceland. 
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