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Regents Biology Laboratory Investigation

RESPIRATION RATES IN THE GOLDFISH
Background Information


The common comet goldfish, Carassius auratis, is a hardy fish that originated in China, but has since spread throughout the world as a popular aquarium fish.  It belongs to phylum chordata, class Actinopterygii (which consists of all the modern fish with bony rays in their fins), order cypriniformes, and family cyprinidae.  It is believed that the goldfish first arose in the Tang Dynasty, which lasted from the years 618 to 907, as a result of a genetic mutation in a type of carp that caused a golden color.  The goldfish that we know today is a result of artificial selection by humans, who have been breeding the fish for their gold color.  That is, humans have been taking fish with desired characteristics (i.e. a bright, golden color) and mating them together, to produce offspring that they hope will have even more vibrant characteristics.  The goldfish did not arise by natural selection, as a fish with such bright colorations would not be able to disguise itself amongst the water plants very well, and would thus be an easy target for larger predators.

Though Carassius auratis is one species, there are many different varieties.  These too have all been produced by breeding and artificial selection.  Some varieties lack dorsal or tail fins; others have large bubbles under their eyes.  It is not, however, the aesthetic aspect of the goldfish that interests us today, but rather its method and rate of respiration.

Any organism that wishes to do respiration must satisfy three main needs:

I.  It must have a large surface area.  This is because diffusion is very slow, so there needs to be a huge space over which it can act.

II.  It must be kept moist.  Moisture on the respiratory surface helps diffusion, and can prevent those organisms which use internal organs such as lungs from having those organs collapse or stick together.

III.  It must have a means of ventilation.  This means that the organism must have a way to obtain fresh air (or water, as the case may be), and get rid of used air or water.


Goldfish have gills which they use to exchange gasses.  They don’t need to worry about keeping them moist; they are, of course, surrounded by water.  The gills are highly folded to present a large surface area.  The fish ventilates the gills by opening and closing the mouth, and pushing water past the gills.  In order to prevent water from passing the gills when the mouth is open and filling, the fish has a covering on the gills called the operculum.  When the fish needs to release water past the gills, the mouth is closed, the oral cavity is contracted, the operculum is opened, and water passes out past the gills.

Many factors can affect how often the fish performs this maneuver, and today we will investigate the effect of temperature on the respiratory rate of the goldfish.

Purpose

The purpose of this investigation is to learn how to properly work with live animals, as well as to learn what kinds of factors can influence the respiratory rate.  You will also hone your lab-writing techniques by creating a lab report for this investigation.
Materials



Goldfish



PENCIL




Small beaker



Large beaker




Thermometers



Stopwatch




Ice




Warm tap water




Aquarium water




Procedure

Before you begin, remember that the goldfish with which you will be working are living things, and as we all belong to the same great web of life, they deserve to be treated with respect and care.You must always observe these rules when working with live fish:

I.  Keep the fish in the water as much as possible.  Transport them safely but quickly.


II.  Do not cause undue stress by tapping on the tank or beakers.


III.  The fish should ONLY be placed in AQUARIUM WATER.  NEVER place a fish in tap water.

IV.  DO NOT add ice or hot water directly to the beaker where the fish is swimming.  You may only change the temperature of the water in the larger beaker.


V.  DO NOT raise the temperature of the fish above 30 °C, or below 10 °C.

If you cannot follow these rules, you will be removed from the lab immediately and without question.  


1.  Write a hypothesis for your experiment in the space below.  Do you think that you will observe more opercular openings at cooler or warmer temperatures?  Why?
HYPOTHESIS:


2.  Obtain a small beaker and a large beaker.  Fill the small beaker with aquarium water.

3.  Select at least five temperatures, no greater than 30 °C and not less than 10 °C, and record them in table 1 under the “test temperatures” column.


4.  Carefully catch a goldfish using a net, and place it in the small beaker.  Allow the fish to calm down after you have transferred it.

5.  Record the temperature of the water in the small beaker in table 1.  This is your “baseline” temperature, the one to which you will compare all your other measurements.

6.  Observe the fish for one minute, and count how many times the operculum opens.  Record this in table 1.  

6.  Obtain a larger beaker and place the smaller beaker with the fish into it.


7.  Fill the larger beaker with ice or warm water to obtain the desired temperature in the small beaker.  Remember, DO NOT add ice or warm water to the fish’s beaker!  You need to measure the temperature in the small beaker, not in the large one.

8.  Record the number of opercular openings per minute, and then adjust the temperature again to collect the rest of your data.

9.  When you have finished your data collection, remove the smaller beaker from the larger one, and allow the water to return to room temperature.  You may then carefully place the fish back in the tank.
	Test Temperatures
	Number of Openings per Minute

	Baseline _______
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Table 1.  Number of opercular openings per minute at various temperatures.

Analysis

You will produce a lab report for this investigation.  In your conclusions, be sure to address the following items:

I.  The amount of oxygen dissolved in the water at various temperatures.


II.  The sources of error for the experiment.


III.  What caused the results that you obtained?
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