
CTD Cast 

Goals:   

� Understand how physical, chemical and biological processes in Puget Sound are 

related. 

� Understand the patchiness of the marine environment, and how that affects 

organisms. 

� Understand how technology provides us with information on conditions in the 

environment we cannot experience ourselves. 

Objectives: 

� Student will be able to examine a CTD profile and generate plausible explanations 

for why the profile looks as it does.   

Cruise Questions, CTD (Conductivity, Temperature, Depth): 

� Before casting this high-tech thermometer, predict which will be warmer, the 

surface water or deep. Might that relationship be different if you were here 6 

months ago?  Why? 

� Make a prediction for salinity vs. depth…why is that the way it is?  

� Which is more important to the density layering of the Sound, temperature or 

salinity? 

� What resolution in depth of these data is useful? Why? (or is more always better?)   

� What does a CTD provide that a "real" thermometer on a string can't?  

� Why are the particular water properties this CTD measures important?   

� What other processes are affected or controlled by the physical water properties?    

 

Background:  

On every OIP cruise we deploy an oceanographic piece of equipment called the 

CTD, (c=conductivity, t=temperature, d=depth) to get information on the temperature, 

density, and salinity of the water column at specific locations in Puget Sound.  Each time 

we send the CTD into the water (called a cast) the CTD is hung off the stern (back) of our 

boat and lowered at a consistent speed down through the water column to just above the 

sea floor and then brought back up to the boat.  Once the CTD is back onboard, we 

download the data the CTD gathered onto a computer.    

 The CTD data we are gathering on this cruise will be shared with scientists, who 

are able to use this data along with other cast data from different cruises, to answer 

questions about Puget Sound on such topics as: water circulation, biological 



communities, comparison of in situ data to computer models, and seasonal and annual 

trends.  

� Conductivity:  measures how well a water sample conducts an electrical current, a 

property which is proportional to the concentration of ions in solution.   In our 

CTD, conductivity is measured by placing electrodes in seawater and measuring 

the current that flows when there is a known voltage between the electrodes. The 

current depends on conductivity, voltage, and volume of sea water in the path 

between electrodes.  Point out the conductivity cell on the CTD  

� Temperature: Our CTD measures temperature via a thermistor. A thermistor is a 

semiconductor having resistance.  The resistance varies rapidly and predictably 

with temperature.  

� Depth:  Measured indirectly by measuring pressure.  Our CTD records very 

accurate measurements of pressure by measuring the vibrations of a quartz 

crystal. Point out the little tube through which water pressure is measured.  

Because pressure and depth are directly related, if we measure  “X” decibars of 

pressure, with our CTD, we know it is almost exactly equal to “X” meters of 

depth.  

� Density:  A measurement of how closely spaced molecules are to each other.  

Like measuring for depth, our CTD measures water density indirectly by 

measuring pressure.  The density is calculated using the conductivity, temperature 

and pressure, which are all linearly correlated.     

� Beam Transmission/Transmissometer: shines a beam of light through the water to 

a receiver, which measures the amount of light received from the beam of light.  

Data comes up as a percentage – so if beam transmission is 80%, that means 20% 

of the light shone from the beam did not reach the receiver.   

� Fluorometer:  This device shines a blue light which excites chlorophyll.  The 

excited chlorophyll gives off a red light, the fluorescence.  This fluoresence is 

measured by a receiver.   

� pH meter:  Measures the acidity/alkalinity of water. 

� Dissolved oxygen:  Measures the amount of oxygen molecules dissolved in the 

water.  Once the temperature and conductivity are measured on our CTD, the 



water passes through to an oxygen pump.   The oxygen pump consists of two 

electrodes separated by an oxygen permeable membrane.  As oxygen diffuses 

across the membrane it produces an electrical current, which is recorded and can 

later be converted to the quantity of dissolved oxygen. 

 

Activity: 

 1.)  Introduce the CTD.  Elicit from students if they know what it CTD stands for, 

what it is used for.  Go over the 7 different variables the CTD measures, briefly 

describing each variable.  Elicit from students why measuring each variable is important. 

  

 2.)  Have one student record the latitude and longitude. 

 Check with bridge on depth 

 

 3.)  Deploy the CTD, having students do the majority of the line work. 

 Soak the CTD at surface for 30+ sec 

 On the way down: One person operates winch motor, one person watches depth, 

counting marks on line, two people handle line, one handles bucket, untangles 

 On the way up: emphasize it is important for the line to not wrap around the pinch 

plate, students need to pull hard enough on line as it comes up so the line will not wrap 

around winch motor 

 4.)  Bring up the CTD and download the data.  

  4a. Open SeaTermAF 

  4b. “connect CTD” button – if error msg, its probably something w/ cable 

  4c. “upload data” button 

  4d. enter cast # XXXyyyZZ.hex :  XXX = cruise #,  yyy = station #,   ZZ = cast # 

  4e. file header box click continue 

  4f. progress box – takes awhile, good time for discussion 

 5.)  While the CTD data is downloading, have students predict what they will see 

in the different CTD plots: 

 -density:  Students usually predict it will be denser at the bottom. 



 -temperature:  Students usually predict it will be colder on the bottom than at the 

top. 

 -salinity:  Students usually predict the bottom will be saltier than the top. 

 -chlorophyll:  Students usually predict chlorophyll maximum at the surface. 

 5a. CTD plot: Open SeaSave, Archived data, start, specify hexfile, hit select 

datafiles, skip 100 scans, if nothing is happening, click on “no wait” in archived data box 

 5b. Screen display: edit screen display or go to screen display & choose DSO file 

to modify display 

6.)  Examine the CTD plots with the students.  The first CTD plot will plot depth, 

density, salinity, temperature, and pH.  Some hints for interpreting the plots: 

-density plot: denser water is pulled by gravity to the bottom 

-salinity curve: salinity usually mimics the density curve.  In Puget Sound, water 

density is driven much more by salinity than temperature.  There could be a large mixed 

layer showing where freshwater from rivers and ocean water from the Straits of Juan de 

Fuca mix over the sills at Admiralty Inlet. 

-temperature plot:  Depends on the season.  In general the bottom water is the 

temperature it is because of the ocean temperature and salinity.  The surface temperature 

varies more seasonally as it is more tied to fresh water that is flowing out of Sound over 

the top of the salt water, (below that water is being pulled into the Sound from the ocean, 

giving te deeper water more ocean-like temperature and salinity).  In winter it is common 

to see a plot where it is usually coldest at top, warm at 30-50 m and than cold again at the 

bottom, but not as cold as at the surface.  In this case, you are seeing a temperature bulge 

from last summer’s surface water, which has mixed down.  As in the salinity plot, if you 

do we see a true mixed layer you can talk about the sills at Admiralty Inlet. 

7.)  Examine the 2
nd

 plot with the students.  This plots depth, density, 

fluorescence, DO and beam transmission. 

- The chlorophyll max is usually seen at 5-10 m.  Ask students what they think is 

causing this, and then examine if the dissolved oxygen and chlorophyll curves mimic one 

another (they usually do). 



- Beam transmission is often variable, ask students for ideas on what could be 

causing the beam transmission curve seen i.e.: Does the transmission curve mirror the 

chlorophyll curve?  What could be going on at the deepest depths?   

8.)  Have students summarize what they learned about the water column at this 

location. 

 



Secchi Disk  

Goals: 

� Understand the how land and water based influences may affect conditions found 

in the marine environment.  

Objectives: 

� Students will be able to determine the turbidity of the water through using the 

Secchi disk. 

� Students will be able to give plausible reasons for the Secchi readings they found, 

and what such readings may tell us about the living conditions of the water. 

Cruise Questions, Secchi depth:  

� Before you cast the disk, predict what depth you'll be able to see it to? Why? 

� What was the range (maximum minus minimum) of all your measurements?  

� Do you consider this range to be small or large?  

� What does the range say about how reproducible your "average" measurement is?   

� Could you do anything to increase the reproducibility or reduce the "error"? 

� What value does a "low-tech" measurement like this have in "high-tech" science? 

 

Background: 

 On every OIP cruise we gather information on the clarity/cloudiness of the water, 

also called the turbidity.  Very clear water has low turbidity, cloudy water has high 

turbidity.    The amount of suspended particles present in a body of water determines its 

turbidity.  Many factors can affect the turbidity of a body of water.  Rivers carrying 

sediment can bring particles into a body of water.  Flowing water, including water moved 

by wind and tides, can carry more particles than still water.  Human activities like 

dredging, logging and construction can add more particles into a body of water.  Blooms 

of phytoplankton can also cause high turbidity.  

 Turbidity is a very common parameter measured in water quality monitoring 

programs.  A reading of high or low turbidity is not in itself an indicator of poor or good 

water quality, but this data, along with other water quality data taken over a long time 

series, can give an indication of the water quality of a particular area, whether there are 

changes.  

 Turbidity is measured with a device called a Secchi disk.  It is one of the most 

inexpensive and low-tech pieces of equipment used in oceanography.  It is named after 



Fr. Pietro Angelo Secchi, an astrophysicist and scientific advisor to the Pope, who 

designed the first Secchi disk to measure the transparency of the Mediterranean Sea in 

1865.  

 The Secchi disk consists of a weighted disk attached to a line.  The disk is 

lowered into the water until it is just out of view.  This depth, the “vanishing point”, is the 

Secchi depth reading for that body of water for that date and time.  A low Secchi depth 

reading indicates a body of water with many suspended particles, or high turbidity.  

 

Activity: 

 1.)  Explain what a Secchi disk is, and how it is used. 

The Secchi Disk Transparency Protocol asks for three measurements: 1) the distance 

between the water surface and where the disk disappears, 2) the distance between the 

water surface and where the disk reappears, and 3) the distance between the observer and 

the water surface.  

 1a. Record the cloud cover  

 1b. Lower the disk slowly into the water until it just disappears, lower the disk another 

.25 m into the water, then raise the disk until it reappears. 

 1c. Record the length of the rope between each mark and the Secchi disk  to the 

nearest .5m.  

 2.)  Have students take 2 to 3 different Secchi depth readings, letting them decide 

where on the boat to do the reading, and how far down to go. (In the shadow of pilot 

house best). 

 3.)  Once the readings have been taken, have students determine the average 

Secchi depth for that location. 

 4.)  Discuss with the students why they may have obtained the Secchi depth 

reading they did.  Have students explore what conditions could be affecting their readings 

– is it windy? Sunny? Were the readings taken in the shadow of the boat or in full sun? 

Was there a lot of current?  If needed students may decide to re-take their readings if they 

did not account for some of these conditions. 

 5.)  Discuss the possible implications of a high or low Secchi depth reading to 

organisms living in the water.  For example – silty water can limit the growth of clams 



and oysters, eelgrass growth might be limited by lack of light, phytoplankton productivity 

might be very high, providing lots of food for grazers and filter feeders. 



Water Sampling 

Goals:   

� Understand the role nutrients play in Puget Sound marine environment. 

 

Objectives: 

� The student will be able to determine the concentration of nutrients - 

phosphorus, nitrogen and dissolved oxygen, from 2 different depths. 

� The student will be able to propose plausible reasons for the nutrient 

concentration values and the differences/similarities in concentrations nutrient 

levels from 2 different depths. 

� The student will be able to explain the relationship between nutrients, 

algal blooms and dissolved oxygen levels. 

Cruise Questions, Bottle/Water Samples: 

� Why collect water samples if the CTD measures all sorts of water properties 

electronically? 

� What values do you expect for nutrients in the surface vs. deep water (high/low)? 

Why? 

� Do you think the recorded value for depth at which the samples were taken is 

accurate? 

� How could sample depth be better measured (i.e., not using marks on the line)?  

� What instrument(s) could these bottles be usefully combined with for even better 

coverage?  

� Are there organisms in the bottle that the nets can’t capture? Are they important to the 

food web? 

� What other measurements might be useful to make on these water samples? 

 

Background: 

 On every OIP cruise we perform chemical tests on water samples to gather data 

on the available nutrients in the water, as well as the available oxygen dissolved in the 

water column.  Nutrients, especially nitrogen and phosphorus, are key indicators of water 

quality in estuaries. Plants require many nutrients (e.g., carbon, nitrogen, phosphorus, 

oxygen, silica, magnesium, potassium, calcium, iron, zinc, copper) to grow and 

reproduce. Of these, nitrogen and phosphorus are the most essential for aquatic plants.  

Both nitrogen and phosphorus enter Puget Sound through freshwater runoff.  Human 

sources of nutrients include sewage treatment plants, leaky septic systems, industrial 



wastewater, and fertilizer runoff from agricultural lands.  In Puget Sound, nutrient values 

are often very low, as they are used by marine organisms as soon as they are available.  

However, at certain times and in certain places within Puget Sound, too much nitrogen 

and phosphorus can acts as pollutants in the water.  High nutrient levels can lead to 

explosive algal blooms.  As these blooms progress, dead algal cells sink down to deeper 

water and are consumed by decomposers.  As these decomposers break down the algal 

bloom, they use up the dissolved oxygen in the water. These low oxygen (hypoxic) 

waters can suffocate the marine animals living in that part of the Sound.  Hypoxic 

conditions occur every year in areas of Hood Canal and South Puget Sound. 

Oxygen enters seawater through diffusion from the atmosphere and through the 

process of photosynthesis by phytoplankton.  Wind and waves can mix air with surface 

water, increasing the rate at which oxygen absorbs into the water.  Dissolved oxygen 

levels in seawater are influenced by both temperature and salinity.  As either or both 

salinity and temperature increase, the ability of seawater to hold dissolved oxygen 

decreases.  Likewise, in an estuary such as Puget Sound, particularly nearshore areas 

more subject to temperature and salinity changes, will show seasonal variation.  Warm 

summer months and months of low rain or freshwater runoff will show lower levels of 

dissolved oxygen.  

 

Activity: 

 1.  Explain to students we are going to be performing chemical tests on water 

samples.  To gather water samples we are going to use an oceanographic devise called the 

Niskin bottle. 

 2.  Demonstrate to students how the Niskin bottle works. 

 3.  Have students grab water samples from the surface and 15 m deep. 

 4.  Divide students into groups to use the chemical testing kits to determine the 

DO, nitrite and phosphorus concentrations in the 2 different water samples. 

 5.  Discuss with students their ideas of why they received the values they did 

 -typically, nutrient values are low – can explain how nutrients are limiting in 

marine environment, and are used up very quickly, as soon as they are available. 



 6.  Show students the watershed map of Puget Sound and discuss where nutrients 

come from in Puget Sound. 

 7.  Discuss with students the DO results – these will vary depending on water 

temperature, wind, etc., most of the time surface are slightly higher than 15 m depth 

samples. 

 8.  If time allows, ask students about conditions which could lead to low oxygen 

levels, and what happens to organism in these area.  Discuss the map of Hood Canal, and 

how hypoxic conditions are created in marine waters. 



Plankton Tows 

Goals:   

� To understand the role plankton play in the Puget Sound marine environment 

� To understand the vast diversity of marine life and life strategies of plankton 

Objectives: 

� The student will be able to obtain local plankton samples. 

� The student will be able to distinguish phytoplankton from zooplankton, and the 

role of each within the marine environment. 

� The student will be able to identify common local plankton and give plausible 

reasons for the types of plankton found within a sample.  

Cruise Questions, Plankton net tows: 

� Before casting either net, predict which will be more abundant in your sample, 

phytoplankton (producers) or zooplankton (consumers)?  Why? 

� How big do you think the small net mesh is relative to the thickness of this sheet 

of paper? (check it out visually for yourself)  (paper: .025mm, .063mm is 

phytonet net) 

� What type of organisms will escape that net? Are they important in the food web? 

� Once you get a jar full, estimate the density of plankton on a scale of ‘very low’ to 

‘very high’. What does your instructor think? 

� What factors might make it that way for this particular place & time? Or even for 

this particular net-tow through the water? 

 

Background: 

 Plankton, broadly speaking, are organisms that drift in the ocean, unable to 

determine their geographic location.  There are two main categories of plankton, 

phytoplankton and zooplankton.  Phytoplankton, the “plant” plankton are generally 

photosynthesizing protests, whereas zooplankton are simply members of the animal 

kingdom. Phytoplankton form the base of the aquatic food web in the marine 

environment, including estuaries.  Phytoplankton are eaten by zooplankton and small 

fish, which, in turn, are eaten by larger creatures. The abundance of healthy animals in an 

estuary often depends on the amount of phytoplankton.  (In turn, phytoplankton 

abundance is often determined by nutrient availability).   

 Plankton occur very patch-like within the marine environment.  The amount of 

light, the time of day, nutrients, temperature, salinity, turbidity, currents, waves, tides, 

predators and seasonal reproductive cycles all contribute to the species found in a given 



plankton tow.  The mesh size of a plankton net will influence the species composition of 

the net tow.  The depth at which a plankton net is towed will also determine the 

composition of the species from the tow.  This is particularly true for zooplankton as                                                  

many zooplankton migrate during the day, swimming down into deeper waters during the 

bright daytime, and swimming up towards the surface to feed at night. 

 Given enough light and nutrients, along with calm enough waters, phytoplankton 

can grow and reproduce very rapidly, called a bloom.  Times of low sun and nutrients as 

well as the mixing of the waters of Puget Sound, from currents and wind-driven waves 

will inhibit phytoplankton blooms.  

 

Activity:  

 1.)  Elicit from students their background knowledge on plankton – do they know 

the difference between zoo and phytoplankton?  Do they know the significance of 

phytoplankton for the marine food, web, and for the source of atmospheric oxygen? 

(Students usually do know these differences, just need to be reminded)   

 2.)  Introduce the phytoplankton net, talk about the mesh size and the size of most 

phytoplankton.  Explain to students how to use the net and then let the students decide 

where we should deploy the plankton net – i.e.: where, what depth, and how long to do 

the phytoplankton tow. 

 3.)  Have students bring the phytoplankton samples down to the microscopes.  

Work with students to identify common phytoplankton.  Use ID guides, ask students to 

record the most common organisms they see.  Try to find a few phytoplankton that 

produce bioluminescence.  Discuss the seasonal conditions and how this might affect the 

phytoplankton population.  

 4.)  Return to the stern of the boat and do a vertical zooplankton tow.  Discuss 

with students about why we look at zooplankton, and why we do a vertical instead of 

horizontal tow.   

 5.)  Look at the zooplankton samples under the microscope.  Work with students 

and the ID guides to identify different types of plankton.  Be sure to talk with students 

about the diversity of species within the zooplankton and the time of year and how that 

affects the plankton population. 



 6.)  Have students draw the most common zooplankton they see in their samples.  

Discuss with students some examples of zooplankton life cycles, as seen in their sample.  

Hit upon the concepts that some zooplankton spend their entire lives as plankton, and 

others only spend hours, days or weeks.  Discuss the benefits and risks associated with 

different life strategies. 



Dive notes 

 

Commonly seen: 

Pycnopodia helianthoides - eating 

Plumose anemone, Metridium  

Orange sea pen (sandy spots ie near West Pt, not seen at Pt Madison) – Ptilosarcus 

gurneyi - Eaten by striped nudibranch and triton and others, also eaten be seastars, 

Feather like colonies, branches have polyps w/ 8 tentacles, Stinging tentacles attack by 

shaggy mouse nudi and leather sea star 

 

Sea gooseberry 

Sometimes: tubeworms – Fringe = short limey tube 

feather duster worms = parchment tube 

calcareous tubeworm = limy tube 

 

clam worm 

scaleworm (arms of cucs and stars) 

batstarworm 

flatworm 

bryozoan 

nudibranch – white tipped 

California sea cuc  

red rock crab 

Dungeness crab 

Sometimes graceful cancer crab/slender cancer crab/purple cancer crab 

Hermit crab 

Porcelain crab 

Black clawed crab – lopho - mean 

 

Spider crabs: 

Longhorn decorator crab 

Slender decorator crab 

Kelp crabs  Slender kelp crab 

 

Shrimp: 

Spiny pink shrimp Pandalus borealis 

Coonstripe shrimp(dock shrimp) pandalus danae 

Humpback shrimp also called coonstripe shrimp pandalus hypsinotus 

Broken back shrimp 

 

Horse clam (siphon) eaten by Pycno 

Evasterias 

Barnacles (feeding) 

Pododesmus (rock oyster/jingle shell) 

Crepidula (slipper shell) 

Fish: 



 Ratfish 

 Flatfish 

 Perch? 

 

Detritus 

 

Algae: 

 Browns: 

 Sugar kelp – laminaria 

 Greens: 

 Ulva 

 Reds: 

 Turkish towel 

 

More stuff 

 

Why are chondracanthus and mazzaela iridescent 

Why sugar kelp called sugar kelp 

Do kelp crabs eat kelp 

Sea star eyes 

White lined nudibranch – what does it eat 


