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Standards
Refer to Appendix 8.9 for NGSS, CCSS (ELA), California ELD, and EP&C standards.

Investigative Phenomenon
Return to the anchoring phenomenon: Numerous reports suggest an increase in white shark 
encounters in the United States in recent years.

Lesson Concept
Analyze and interpret data to explain and predict that human activities have caused changes 
impacting the white shark population over time.

Anchoring Phenomenon
Numerous reports suggest an increase in white shark encounters* in the United States in 
recent years and the public is worried.

*  Encounters include sightings and census estimates, as well as physical interactions between humans 
and sharks.

Image via iStock.com/jimkruger
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Storyline Link
In the prior lesson, students explored features of light and how it interacts with different media to distort 
the perception of objects, making it difficult to tag sharks and accurately report size from aerial surveys.

In this lesson, students revisit the anchoring phenomenon (Numerous reports suggest an increase 
in white shark encounters in the United States in recent years) and the idea that humans have had a 
profound impact on the marine environment. The population of white sharks off the coast of southern 
California, as studied by researchers, reveals the details of this story for students. Students analyze 
figures and the abstract from a landmark scientific study to piece together the history and construct 
their own explanation and sequence of events: that the vulnerable white shark population has benefited 
from decades of legislation to manage fisheries and protect coastal waters resulting in the protection 
of young-of-the-year and juvenile white sharks that utilize coastal waters as a nursery. Students apply 
their new knowledge to predict details about the Northeast Atlantic population to build an overall 
understanding of white sharks in general. Students independently choose crosscutting concepts that 
best facilitate the connections they are making and return to their iterative explanation begun in the 
beginning of the sequence to apply scientific ideas, principles, and/or evidence to construct, revise and/
or use an explanation for real-world phenomena and events and apply scientific reasoning. At this point, 
scaffolds are removed and students must be able to demonstrate their proficiency within the 6–8 grade 
band of the elements of constructing explanations by establishing which data or evidence is adequate 
for the explanation or conclusion and why the data and interpretation of the data is appropriate. This 
explanation will become the basis of a public service announcement in the next lesson.

In the next lesson, students will apply their knowledge to help better inform the public about 
white sharks. 

Throughout the lesson, a flag () denotes formative assessment opportunities where you may change 
instruction in response to students’ level of understanding and making sense of phenomena.

Time
210 minutes*
Part I 30 minutes Engage

Part II 45 minutes Elaborate I

Part III 75 minutes Explain

Part IV 60 minutes Elaborate II

*If you choose to do the optional Global Shark Tracker activity (Step 8 of Procedure), allow an additional 
45 minutes.
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Materials 
Whole Class

 ❑ 8.9.R1: Frequency and Distribution of Reported White Shark Captures 

 ❑ 8.1.C1: Shark Encounter Claim Chart (from Lesson 8.1: Shark Encounters)

 ❑ 8.1.H1: CSULB Shark Lab Reports Record Breaking White Shark Sightings (from Lesson 1: 
Shark Encounters) 

Per Group of 4
 ❑ Internet enabled devices

 ❑ Whiteboards and markers

 ❑ 8.9.G1: Locations of White Shark Captures in Southern California by Age Class

 ❑ 8.9.G2: White Shark Captures by Season in Southern California

 ❑ 8.9.G3: White Shark Capture Methods and Captures per Month

 ❑ 8.9.G4: YOY White Shark Captures Before and After Nearshore-Gillnet Ban 

Individual
 ❑ Science Notebook

 ❑ 8.1.H1: CSULB Shark Lab Reports Record Breaking White Shark Sightings (from Lesson 8.1: 
Shark Encounters)

 ❑ 8.1.H2: Scientist Communication Survival Kit (from Lesson 8.1: Shark Encounters)

 ❑ 8.1.H3: My Shark Encounter Claim Chart (from Lesson 8.1: Shark Encounters)

 ❑ 8.1.H4: Crosscutting Concepts for Middle School Students (from Lesson 8.1:  
Shark Encounters)

 ❑ 4 different colored highlighters (colored pencils or markers for underlining can be 
an alternative)

 ❑ 8.9.H1: I Can Use the Identify and Interpret (I2) Strategy

 ❑ 8.9.H2: Historic Fishery Interactions with White Sharks in the Southern California 
Bight: Abstract

 ❑ 8.9.H3: Seasonal Distribution and Historic Trends in Abundance of White Sharks, 
Carcharodon carcharias, in the Western North Atlantic Ocean 

Teacher
 ❑ 8.9.R2: Global Shark Tracker (optional)
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Advance Preparation
1. Prepare to project 8.1.H1: CSULB Shark Lab Reports Record Breaking White Shark 

Sightings (from Lesson 8.1: Shark Encounters). (Step 1 of Procedure)

2. Make sure that 8.1.C1: Shark Encounter Claim Chart (from Lesson 8.1: Shark Encounters) is 
posted in the room. 

3. Prepare to project 8.9.R1: Frequency and Distribution of Reported White Shark Captures. 
(Step 2 of Procedure)

4. Duplicate 8.9.G1–8.9.G4 pages for group use.

5. Prepare to project 8.9.G1: Locations of White Shark Captures in Southern California by Age 
Class: YOY. 

6. Students will need individual access to 8.9.H3: Seasonal Distribution and Historic Trends in 
Abundance of White Sharks, Carcharodon carcharias, in the Western North Atlantic Ocean. 
Either print a class set to be reused or each student will need electronic access.  

7. Review 8.9.R2: Global Shark Tracker if you plan to use the global shark tracker 
with students. (Step 8 of Procedure)
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Procedure
Part I 
Engage (30 minutes) 
Obtain and communicate information about the role of human impact as a cause 
of increasing white shark encounters. 

1. Return to the Anchoring Phenomenon 

 Reintroduce students to the article used at the beginning of the learning sequence, 8.1.H1: 
CSULB Shark Lab Reports Record Breaking White Shark Sightings (from Lesson 8.1: Shark 
Encounters). (Consider also finding recent news articles for your area that report on similar 
information on White Sharks that students could review.)

a. Ask groups to build a T-chart in their Science Notebook. In one column of the T-chart, 
they should recall/look at their original thoughts about the article. In the other column, 
list what they think today, considering what they now know about white sharks. 

b. Ask students to reference the classroom chart 8.1.C1: Shark Encounter Claim Chart 
and their notes on 8.1.H3: My Shark Encounter Claim Chart, which they began building 
in Lesson 8.1: Shark Encounters. They should use the body of work from the learning 
sequence in their Science Notebook and discuss as a group what changes they would 
make given what they know today. (Encourage students to make actual changes.) Give 
students time to discuss and update. Following are some suggestions to help with 
updating reasoning. 

i. Direct students to use the On-Target column of 8.1.H4:  Crosscutting 
Concepts for Middle School Students for three dominant crosscutting 
concepts prominent in the learning sequence: patterns, cause and effect, and 
a third crosscutting concept used in the sequence (either stability and change; 
scale, proportion, and quantity; structure and function; energy and matter; or 
systems and system models) to guide reasoning statements. Statements 
should be coded according to a crosscutting concept. 

ii. Ask students to consider what information is missing from their chart. Do they 
have sufficient and appropriate evidence? Identify what is missing/what is 
needed to have a complete explanation.

iii. Ask students to compare 8.1.C1: Shark Encounter Claim Chart posted in 
the class and updated throughout the sequence to the one they built in their 
Science Notebook (8.1.H3: My Shark Encounter Claim Chart). Direct students 
to look closely at their reasoning statements; these should have something 
related to cause. Ask them to use 8.1.H4: Crosscutting Concepts for Middle 
School Students (from Lesson 8.1: Shark Encounters) to be specific about 
what element of cause and effect (or other crosscutting concept) is in their 
reasoning statement. 
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c. Have a class discussion about where student thinking is now by asking students 
to share some aha’s they got from completing the T-chart (in Step 1a above) and 
updating the Shark Encounters Claim Chart (either the classroom chart or their 
individual chart). Probe students to elaborate on their thinking by asking open ended 
questions, such as “Why do you think so?” and “Tell me more.” Ask students to share 
some wonderings they have.

Procedure
Part II 
Elaborate I (45 minutes) 
Analyze and interpret data to determine that the cause of an increase in white 
shark encounters was likely a result of legislation protecting fisheries that 
benefitted white sharks and allowed for a recovery of the population (human 
impact). 

2. What Do We Know in California?

a. At this point in the sequence, students may be conflicted over which claim has the 
most evidence; they will need more information to establish that there is an increase 
in white shark encounters, and need more information to have evidence that is reliable 
(data) and fully develop reasoning. If some groups are holding on to ideas that the 
population is remaining the same or decreasing, it’s ok to acknowledge that there 
isn’t full agreement “among scientists” in the room; we all need data to inform our 
explanation. 

b. Project 8.9.R1: Frequency and Distribution of Reported White Shark Captures for the 
class to review. Have a brief class discussion to highlight what students remember 
about this figure (initially reviewed in Lesson 8.3: Fisher Logs). Ask students to ignore 
“unknown” and identify/estimate what age class of white sharks were caught the 
most often. (Students should identify YOY or young-of-the-year, with juveniles being a 
close second.) Confirm that students recognize that the most frequently caught white 
sharks are not the adults, but rather the “babies.” Ask students to recall information 
they researched in Lesson 8.4: REMUS about the differences between the babies 
and adults, specifically in how they hunt for food; what they eat will be an important 
“punch-line” to recall in the next lesson.

c. Let students know you’ve managed to track down more data for them to help resolve 
narrowing down to one claim, and that they will be using a tool that will help with 
interpretation as the data comes from a primary source (directly from a scientist). 
Distribute copies of  8.9.H1: I Can Use the Identify and Interpret (I2) Strategy and 
give a brief overview. Project 8.9.G1: Locations of White Shark Captures in Southern 
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California by Age Class: YOY and ask students to take a few minutes to just look 
at the figure and see what sense they can make of it. Before answering any student 
questions or allowing discussion, direct students to use the I2 strategy on 8.9.H1:  
I Can Use the Identify and Interpret (I2) Strategy for help, and record the following in 
their Science Notebook:

 ❯ Three “What I see” comments

 ❯ Two “What it means” comments 

a. For students who finish early, encourage them to include crosscutting 
concept thinking here. For example, an increase in white shark captures 
in the late 2000s is correlated with the Monterey Bay White Shark 
Program incentivizing fishers to report catches (cause and effect). 

 Consider allowing students who need literacy support to work in pairs.

d. After allowing a few minutes to attempt on their own, ask the class for questions 
that are preventing them from making comments on the figure, and address those 
questions (not confirming work, just answering questions preventing them from 
engaging). Encourage students to try again, and give a couple more minutes for 
students to generate comments about the figure. 

e. After allowing enough time for students to try on their own,  invite students to share 
some “What I see” and “What it means” comments and verify those that are accurate. 
For any that seem off target, ask probing questions (such as, “Can you tell me more?” 
or “What did you see that led you to think this?”) to help redirect thinking and support 
student sensemaking of phenomena.

f. Inform groups that they will now split up into expert groups. Each expert group will be 
in charge of more figures from the same chapter.

i. Assign students in each group into the following expert groups (large expert 
groups can be subdivided into smaller expert groups) and distribute the group 
handouts as outlined below.

 ❯ Student A: 8.9.G1: Locations of White Shark Captures in Southern 
California by Age Class

 ❯ Student B: 8.9.G2: White Shark Captures by Season in 
Southern  California

 ❯ Student C: 8.9.G3: White Shark Capture Methods and Captures  
per Month

 ❯ Student D: 8.9.G4: YOY White Shark Captures Before and After 
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Nearshore-Gillnet Ban

ii. Have students rearrange themselves into their expert groups. The job of the 
expert group is to do the same thing for all figures they are given: 

1. Generate three “What I see” comments.

2. Generate two “What it means” comments. (Encourage students to apply 
crosscutting concept thinking here; see example below.)

3. If time permits, 

a. encourage students to include On-Target crosscutting concept 
thinking. For example, an increase in white shark captures in the 
late 2000s is correlated with the Monterey Bay White Shark Program 
incentivizing fishers to report catches (cause and effect); and

b. encourage students to generate a caption however, note that this 
will not necessarily be equitable across all groups as some figures 
provide more information than others.

T E A C H E R  N O T E
For differentiation, consider the figures you give to students when jigsawing. For example, 
8.9.G3: White Shark Capture Methods and Captures per Month may be more approachable 
to students, as a bar-style graph tends to be familiar; 8.9.G1: Locations of White Shark 
Captures in Southern California by Age Class and 8.9.G2: White Shark Captures by Season 
in Southern California are a bit more sophisticated (due to their map coding perspective) 
but still accessible to most students using the I2 strategy. The figures shown on 8.9.G4: YOY 
White Shark Captures Before and After Nearshore-Gillnet Ban are good for students who 
would benefit from interpreting a figure that is more challenging, as each represents multiple 
types of information in one figure. 

g. When all expert groups are finished, have experts return to their home group and 
share what they learned. Ask each group to update their 8.1.H3: My Shark Encounter 
Claim Chart (and Science Notebook) with new information and code according to 
crosscutting concept—patterns, cause and effect, and a third of their choice (stability 
and change; scale, proportion, and quantity; structure and function; energy and matter; 
or systems and system models) where they do. In addition, they should include a 
specific element of the crosscutting concept in their reasoning statement. It is at your 
discretion whether or not to update the class chart (as individual charts now show 
differences as students do more independent sensemaking).
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Procedure
Part III 
Explain (75 minutes) 
Analyze and interpret data to determine that the cause of an increase in white 
shark encounters was likely a result of legislation protecting fisheries that benefit 
white sharks and allowed for a recovery of the population (human impact). 

3. Group Explanation for What We Know in California

a. Ask each group to take their findings and generate a group explanation to address 
the question: Are there really more shark encounters now than in the past? Do not 
provide claim, evidence, reasoning (CER) scaffolding. Direct groups to use the most 
compelling evidence they have from their chart and then construct their explanation.

b. Before students work, verify a few key points:

i.  Verify that students understand that a population increase (more white 
sharks in the water) is correlated with more encounters with sharks. We 
use the word correlated in science the same way we use linear relationship 
in math. One doesn’t necessarily cause the other, but there is a relationship 
in the pattern observed between the two. Ask students to make sure this is 
accurately represented in their explanation and to make edits if necessary.

ii.  Verify that students understand that numerical data is the most compelling 
evidence in science and meets our criteria for “appropriate evidence” 
(scientifically relevant). The evidence students identify must include numerical 
data. Some students may need help turning numerical data into a sentence; 
make a sentence frame available to students who need it. 

T E A C H E R  N O T E
No CER scaffolding is given to students in creating their group explanation as this is building 
from prior lessons that provided scaffolding.  Monitor individual students to see if a scaffold 
is needed. 

4. Checking in with Another Scientist

a. Now that they have a robust explanation, inform students that one of the things 
scientists do is read what other scientists, who study similar things, have done. Ask 
students why this is important in science and facilitate a brief discussion.
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T E A C H E R  N O T E
This discussion is a useful opportunity to bring up the concept that science is a way of knowing; 
that science is a body of knowledge and that it’s cumulative (knowledge often comes from 
more than one source); and that scientific investigations use a variety of methods (in this case, 
historical fishers data along with data obtained from tracking technology). When studies have 
complimentary findings and explanations, this increases the strength, or likelihood, that we can 
be confident in those explanations. When findings and explanations are contradictory, we are 
less confident in the results. (Notice the absence of the word prove; scientific explanations are 
probabilistic, not absolute. Scientific explanations can be disproved, but not proved because 
explanations are not the same thing as observations.) 

b. Does their interpretation support yours? Distribute 8.9.H2: Historic Fishery 
Interactions with White Sharks in the Southern California Bight: Abstract. Let 
students know that we have done a lot of our own work, and this is their chance to 
compare their thinking to that of another scientist. They are about to read the abstract 
from the same paper as the figures they have been studying. The abstract is the 
brief, one-paragraph, summary of the study. Ask groups to read the abstract together 
(students in the group can take turns reading sentences aloud) and to do the following 
(intended as literacy support for all students):

i. Circle parts where they don’t know what a word or set of words means. (Let 
them know it’s ok to signal you for help.)

ii. Underline parts they think are important, especially the claim made in the 
abstract.

iii. Highlight one sentence from the abstract that is similar or different from their 
thinking (and code for similar or different).

iv. Be ready to discuss with the class.

c. Ask groups to share their thinking with the class: 

 ❯ How does their explanation compare to that of Dr. Lowe and group?

 ❯ What do they notice about the two explanations?

 ❯ What can they infer if two scientists come to the same conclusion? 

 Following the discussion, ask groups to compare their explanation to this abstract and 
invite students to make at least one update to their explanation based on what they 
see in this abstract.

d. As they did in Lesson 8.1: Shark Encounters, ask students to code evidence in 
their explanation according to the strength of the evidence, as this type of coding 
will naturally differentiate for different learners. (Students who have a strong 
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understanding of the Performance Expectation should be able to code multiple pieces 
of evidence, cite support for this within the text, and reflect on how it addresses the 
phenomenon in their reasoning. The task of color coding provides a visual structure 
for students who would struggle with the complexity of the task.) Remind students 
how they coded evidence in Lesson 8.1:

 ❯ Underline/highlight appropriate evidence (scientifically relevant) in color #1. 

 ❯ Underline/highlight sufficient evidence (multiple pieces) in color #2.

e. Ask students to code reasoning according to adequacy of the reasoning:

 ❯ Underline/highlight reasoning that explains why the evidence supports the 
claim in color #3.

 ❯ Underline/highlight reasoning that includes science ideas in color #4.

T E A C H E R  N O T E
The intent of the Next Generation Science Standards and Common Core State Standards is that 
students work with and read complex text. It’s appropriate to begin exposing middle school 
students (especially 8th graders) to primary literature. In this case, students are asked to read 
one paragraph on a topic they have spent a lot of time investigating. The content should be 
familiar enough to students to allow them to access some meaning. Student interest should 
be high enough at this stage that even if the reading is beyond skill level, they should be able to 
engage. The supports provided (selection of a small amount of text, collaborative discussion, 
annotation and interaction with the text, and request to compare with personal thinking) are 
designed to help. Some students may still struggle; a little encouragement from you and some 
extra support when needed will go a long way. For students who read well-below grade-level, 
allow for partner support and/or read-aloud.

5. California White Sharks: A Human Impact Success Story

a. Engage students in a conversation about the role humans have played in the increase 
in the white shark population, referring back to what they have learned both here and 
in Lesson 8.1: Shark Encounters, and Lesson 8.3: Fisher Logs. Encourage students to 
use their Science Notebook to help them recall information.  As students review and 
share, emphasize important key points that should emerge:

i. As our human population grew, so did the demand for seafood. 

ii. This resulted in advances in fishing technology that could allow fishers to 
be more efficient in their work (specifically, gillnets that could catch large 
amounts of fish at a time) to keep up with the demand for seafood.

iii. Fish reproduction couldn’t keep up with the demand, and the dramatic decline 
in fish populations as a result prompted legislation to regulate these fisheries 
and ban nearshore gillnetting. 
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iv. This led to the recovery of the white shark population, in part because the 
primary source of food for YOY and juvenile white sharks is fish (the same 
fish being protected) and because the very same YOY and juveniles that 
use shallow Southern California coastal waters as their nursery (the area 
that was once heavily fished) didn’t become accidental bycatch and drown 
(a small detail, but white sharks must constantly keep swimming to ram 
water over their gills in order to get oxygen; if stuck in a net, they do not get 
enough oxygen).

v. This is perhaps the single greatest recovery of a vulnerable, and ecologically 
critical, species in California.

b. For students who are struggling with this information, help them visualize this 
information by asking them to construct a timeline (approximate) or use some other 
way to document a sequence of events from the decline to the recovery of white 
sharks, labeling On-Target cause and effect components. Students can team up 
and use whiteboards to strategize this together, with final work going in individual 
student notebooks. 

c. Ask students to consider any revisions to their explanation in light of this information. 

d. As students have discussion about their timeline and needed revisions, remind 
students to back up statements with evidence and scientific reasoning.

Procedure
Part IV 
Elaborate II (60 minutes) 
Analyze and interpret data to predict that human activities have caused changes 
impacting the white shark population over time. 

6. A New Scenario

a. Our studies have largely focused on California, but our anchoring phenomenon 
alluded to an increase in encounters in the United States. Students may recall from 
Lesson 8.1: Shark Encounters that there is another population of white sharks on 
the East Coast of the United States, with news reports also reporting an increase in 
encounters. To help students explore this, divide the class into three large groups 
and give a few minutes to use prior knowledge and/or search the Internet for the 
following information: 

 ❯ Group A: How would you describe the physical conditions in the northwest 
Atlantic compared to the northeast Pacific? (You may need to brainstorm 
what is meant by physical conditions: weather patterns, water temperature, 
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coastline shape, etc., for students who struggle with this.) If different, are 
there any locations where they are more similar?

 ❯ Group B: Do you find similar trends with respect to the human population 
(specifically, human population growth) in the northwest Atlantic compared to 
the northeast Pacific? 

 ❯ Group C: What is the story of fisheries in the northwest Atlantic compared 
to the northeast Pacific? (What has happened to fisheries over the last 
several decades?)

 Students need only approximate answers; this doesn’t need to be a big research effort, 
so limit the time. To help, encourage groups to elect a facilitator that can quickly 
organize their group on how to divide and conquer their research effort—what aspect 
will each student focus on (this can be documented on white boards). Support their 
effort by suggesting key words that would be useful when searching. Have students 
record information in their Science Notebook; give them flexibility in the format (i.e., 
use tables, flow charts, etc., as preferred).

b. After researching, assemble students back in their home groups and give them a few 
minutes to collaborate and share their findings; then ask each group facilitator to 
report out to the class. Given this information, and what students understand about 
white sharks off the coast of California, ask groups to consider the following:

 News reports over the past couple of years indicate an increase in white shark 
encounters along the East Coast of the United States. 

1. Make a prediction, including rationale, about the Atlantic population of 
white sharks:

 ❯ What patterns have emerged over the past few decades?

 ❯ What type of spatial distribution can we expect (patterns in 
shark movements)?

 ❯ What different age classes of white sharks will we find and why (cause 
and effect)?

 ❯ What time of year will encounters be most frequent and why (cause 
and effect)?

2. What is the ideal tracking device that you would use to study the members of 
the Atlantic white shark population?

 Groups should discuss and document ideas in their Science Notebook. This is 
intended to be a quick exercise, so limit the time.
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7. Verify Predictions 

a. Give students the opportunity to verify their predictions by skimming the following 
primary source article, 8.9.H3: Seasonal Distribution and Historic Trends in 
Abundance of White Sharks. Either distribute a copy to students or allow them to 
access it online at http://journals.plos.org/plosone/article?id=10.1371/journal.
pone.0099240 

 ❯ Direct students to look for figures that might support or refute their 
predictions. They should note the figure number in their Science Notebook and 
note if the figure supports or refutes their predictions and why.

T E A C H E R  N O T E
Students spent an extensive amount of time earlier in this lesson critically reviewing and making 
sense of figures from a different source. This resource closely parallels that study and should 
allow students the ability to find relevant figures to address their predictions. Rather than 
curating the resource for students, the entire paper is given, introducing students to a scientific 
research article. (You will likely find a few interested students reading some of the text for more 
information or to establish context.) Monitor struggling students to help guide them to a figure 
they can interpret.  Monitor students to make sure they are using the I2 strategy: identifying 
“what I see” and interpreting “what it means,” redirect when they are not using that strategy. 
Encourage students to include CCC thinking. For example, Figure 3 shows a higher density 
of white sharks in the spring and summer months and shows them being further north in the 
summer than in the spring. This could be the effect of young white sharks coming further north 
because coastal waters are warmer and there is a cause and effect relationship between water 
temperature and where YOY and juvenile sharks live; at this size they are unable to regulate their 
body temperature as adults do. 

 ❯ After independent work, allow students to collaborate as groups, ending with 
a class discussion on which figures were the most valuable, which supported 
or refuted predictions and why, and “what the heck was that?!?” (likely figures 
that involved statistical analysis). Spend more time discussing those that were 
valuable for supporting or refuting predictions and ensure that all students 
understand how figures could refute predictions (a challenging idea for some 
students).

8. Global Shark Tracker (OPTIONAL)

 Motivated students who want to take a deep dive and follow a shark in real time can choose 
a white shark to follow on the Ocearch website http://www.ocearch.org/. Ocearch tracks 
different types of sharks in real time, which students can filter based on tracking activity (how 
recently a shark’s tag has been pinged), species, sex, stage of life, and location. Use 8.9.R2: 
Global Shark Tracker with students who wish to continue on their shark journey.

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0099240
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0099240
http://www.ocearch.org/
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9. What Have We Learned? Final Explanations

a. Probe student thinking. Recall the effect of entangling nets before the gillnet ban—
fish populations declined, and YOY and juvenile white sharks made up the majority of 
sharks that were bycatch. Ask students to discuss the following with their group to 
help remind them of some critical learnings that will inform their explanation:

i. Why did young sharks make up the majority of captures? 

 Expected student responses:

 ❯ Younger white sharks stay close to shore.

 ❯ Fishermen were looking for smaller fish.

ii. When gillnets/entangling nets were banned (1994), what did it do to the fish 
population? 

 Expected student responses:

 ❯ The population gradually increased.

 ❯ Fewer fish were getting caught in gillnets.

iii. How did an increase in the fish population affect younger white sharks?

 Expected student responses:

 ❯ The fish population increased within the 3 mile limit of the gillnet ban.

 ❯ An increasing fish population meant more fish for sharks to eat.

 ❯ Young sharks swim mostly close to shore because the fish they eat swim 
in shallow waters.

iv. Predict what would happen to the white shark population over time with the 
long-term effects of the ban on nearshore gillnets.

 Expected student response:

 ❯ White shark populations should increase over time due to gillnet bans, 
which means we should have more encounters with sharks close to shore.

b. Ask students to consider the discussion and make final edits on their explanations. 
Remind students to frame the explanation through the lens of the On-Target 
column of a crosscutting concept. Interact with student work using sticky note 
feedback as described in Lesson 8.1: Shark Encounters. At your discretion, this 
individual explanation can be written outside of the Science Notebook and used as a 
summative assessment.

 As a scaffold, students can visually depict this “chain of reasoning” and use it to inform 
changes to their final explanations.
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T E A C H E R  N O T E

 Making sure they grasp the big “punchline” here will be useful for students in the final lesson 
of this sequence: that the sharks we encounter close to shore are YOY and juveniles, a population 
once on a dangerous decline due to human demand for fish, but benefitted by legislation over the 
last 30+ years intended to protect the fish (that they eat). Students might need help connecting 
all of the information. They would have researched that female white sharks take, on average, 
33 years to reach sexual maturity; the YOY and juveniles we are seeing today are the offspring of 
those that were protected by the gillnet ban in 1994. Students should be clearly discussing the role 
humans have had in this. Further, the notion that a pattern observed on one coast can predict that 
of another adds strength to explanations that students build. 

 As students embed their responses into their explanations, ask them to recall features that 
make reasoning statements strong. There is no rubric for this lesson (because the work here 
shapes into a final work product in Lesson 8.10), but the sticky note feedback is an opportunity 
for you to help shape student work into that which is grade-level appropriate, setting students up 
for success in Lesson Lesson 8.10: White Shark Public Service Announcement. 

Accommodations
Low literacy and second language learners can benefit from embedded supportive reading strategies, such 
as pair reading and annotation. These groups can also benefit from using sentence frames to support their 
argument writing. Having students work in teacher-selected partnerships allows you to match students 
in a way so they are both being supported. Advanced students have the opportunity to explore additional 
reading from a primary source article, shark data, and/or questions in the Elaborate activity.

As this lesson is rich with discourse opportunities, consider pairing second language learners with a 
“language broker” (another student who is bilingual in English and the student’s home language) to allow 
these partners to first discuss ideas in their home language. Monitor this pairing and provide additional 
language support as needed.

Providing the worksheet with categories (name, sex, etc.) in 8.9.R2: Global Shark Tracker helps students 
organize their data.

By seating students in groups (groups of 4 work well) and encouraging regular conversation, students 
have time to interact more with content and naturally help those that need more support. Use of 
8.1.H2: Scientist Communication Survival Kit (from Lesson 8.1: Shark Encounters) helps to make sure 
that students who don’t feel comfortable sharing (often because of language, literacy level, uncertainty 
of content knowledge, etc.) are prompted to do so in a supportive way. 

Use of a sense-making Science Notebook supports student language development, conceptual 
development, and metacognition. Students should be prompted to use their Science Notebook for

 ❑ prior knowledge of phenomena,

 ❑ exploration of phenomena and data collection,

 ❑ making sense of phenomena, and

 ❑ metacognition.
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Locations of White Shark Captures in Southern California by Age Class

YOY

Figure 14.2  Spatial distribution of reported YOY (a), juvenile (b), and adult (c) White Shark Captures occurring in 
Southern California, 1935-2009. The numbers represent sample sizes for fishing blocks (10 min. x 10 min.) 
with greater than 10 sharks.

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.
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of juveniles and adults were less frequent, with the majority of reports occurring during the 1980s 
and 1990s (Figure 14.1). Examination of reports by capture location indicated that YOY were 
reported along the entire coast of Southern California from Ventura to San Diego, with occasional 
captures in offshore waters (Figure 14.2a). YOY were most frequently captured along coastal fish-
ing blocks near the ports of Ventura, Los Angeles/Long Beach, Danas Point/San Onofre, and San 
Diego. Reported captures of juvenile White Sharks were less frequent but showed a similar pat-
tern in distribution and concentration (Figure 14.2b). Adult White Shark captures were even less 
commonly reported, and although the overall distribution was similar, captures were highest in 
the Santa Barbara and San Pedro channels (Figure 14.2c). Reports of White Shark captures were 
highest during the spring and summer months, occurring in the northern and central coastal fish-
ing blocks of the SCB in the spring and extending further south in the summer (Figure 14.3a and 
b). During fall months, the distribution of reported captures of White Sharks was relatively less 
frequent than during spring and summer, with fewer sharks appearing off the central coastal areas 
of the SCB and more appearing just offshore (Figure 14.3c). Reported captures of White Sharks 
were least common during winter months, and those captures were evenly distributed along the 
coast and at the islands (Figure 14.3d).

Fishery Interactions

Commercial entangling nets accounted for 81% of all reported White Shark captures in the 
SCB, followed by recreational hook-and-line fishing (8%; Figure 14.4). YOY were primarily caught 
in entangling nets, and juvenile captures were dominant among hook-and-line captures. White 
Shark captures by entangling nets primarily occurred in coastal fishing blocks, with the highest 
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Figure 14.2  Spatial distribution of reported YOY (a), juvenile (b), and adult (c) White Shark captures occur-
ring in Southern California, 1935–2009. The numbers represent sample sizes for fishing blocks 
(10 min. × 10 min.) with greater than 10 sharks.
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Locations of White Shark Captures in Southern California by Age Class (continued)

Juveniles

Figure 14.2  Spatial distribution of reported YOY (a), juvenile (b), and adult (c) White Shark Captures occurring in 
Southern California, 1935-2009. The numbers represent sample sizes for fishing blocks (10 min. x 10 min.) 
with greater than 10 sharks. 
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Locations of White Shark Captures in Southern California by Age Class (continued)

Adults

Figure 14.2  Spatial distribution of reported YOY (a), juvenile (b), and adult (c) White Shark Captures occurring in 
Southern California, 1935-2009. The numbers represent sample sizes for fishing blocks (10 min. x 10 min.) 
with greater than 10 sharks. 

175HISTORIC FISHERY INTERACTIONS WITH WHITE SHARKS

(c)

120°36'0"W 119°30'0"W

Point Conception

Ventura

Los Angeles

No. of adults
1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

(b)

120°36'0"W 119°30'0"W

Point Conception

Ventura

Los Angeles

No. of juveniles
1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

Figure 14.2  (Continued)



This work is licensed under a Creative Commons 
Attribution-NonCommerical-ShareAlike 
4.0 International (CC BY-NC-SA 4.0).

A project of CA NGSS K–8 Early Implementation Initiative. 

8.9.23

Group Handout
Toolbox 8.9 8.9.G2

White Shark Captures by Season in Southern California

Spring

Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during spring (April 
to June, a), summer (July to September, b), fall (October to December, c), and winter (January to March, d), 
1935-2009. The numbers represent sample sizes for fishing blocks with greater than 10 sharks.

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.
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Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during 
spring (April to June, a), summer (July to September, b), fall (October to December, c), and winter 
(January to March, d), 1935–2009. The numbers represent sample sizes for fishing blocks with 
greater than 10 sharks.
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White Shark Captures by Season in Southern California (continued)

Summer

Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during spring (April 
to June, a), summer (July to September, b), fall (October to December, c), and winter (January to March, d), 
1935-2009. The numbers represent sample sizes for fishing blocks with greater than 10 sharks.
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Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during 
spring (April to June, a), summer (July to September, b), fall (October to December, c), and winter 
(January to March, d), 1935–2009. The numbers represent sample sizes for fishing blocks with 
greater than 10 sharks.
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White Shark Captures by Season in Southern California (continued)

Fall

Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during spring (April 
to June, a), summer (July to September, b), fall (October to December, c), and winter (January to March, d), 
1935-2009. The numbers represent sample sizes for fishing blocks with greater than 10 sharks.
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Figure 14.3  (Continued)
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White Shark Captures by Season in Southern California (continued)

Winter

Figure 14.3  Spatial distribution of reported White Shark captures occurring in Southern California during spring (April 
to June, a), summer (July to September, b), fall (October to December, c), and winter (January to March, d), 
1935-2009. The numbers represent sample sizes for fishing blocks with greater than 10 sharks.

177HISTORIC FISHERY INTERACTIONS WITH WHITE SHARKS

(c)

120°36'0"W 119°30'0"W

Point Conception

Ventura

Los Angeles

No. of sharks
FALL

1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

(d)

120°36'0"W 119°30'0"W

Point Conception

Ventura

Los Angeles

No. of sharks
WINTER

1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

Figure 14.3  (Continued)



This work is licensed under a Creative Commons 
Attribution-NonCommerical-ShareAlike 
4.0 International (CC BY-NC-SA 4.0).

A project of CA NGSS K–8 Early Implementation Initiative. 

8.9.27

Group Handout
Toolbox 8.9 8.9.G3

White Shark Capture Methods and Captures per Month

Capture Method

Figure 14.4  Numbers of reported White Shark captures occurring in Southern California by capture method, 1935-2009. 
Unk, method of capture unknown.

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.

178 GLOBAL PERSPECTIVES ON THE BIOLOGY AND LIFE HISTORY OF THE WHITE SHARK

300

175

150

125

Commercial Recreational

100

N
o.

 o
f s

ha
rk

s r
ep

or
te

d

75

50

25

0

En
ta

ng
lin

g n
et

Se
t l

in
e

H
ar

po
on

Tr
aw

l

Pu
rs

e s
ein

e

Lo
bs

te
r t

ra
p

H
oo

k a
nd

 li
ne

G
aff

N
o 

da
ta

YOY
Juvenile
Subadult–adult
Unk

Capture method

Figure 14.4  Numbers of reported White Shark captures occurring in Southern California by capture method, 
1935–2009. Unk, method of capture unknown.
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Figure 14.5  Spatial distribution of reported White Shark captures occurring in Southern California by  capture 
method, 1935–2009. Capture methods with three or fewer capture records (e.g. trawl, lobster 
trap, and gaff) were pooled into the “Other” category.
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White Shark Capture Methods and Captures per Month (continued)

Captures Reported per Month

Figure 14.6  Total number of White Shark captures reported per month for the set and drift-gillnet fisheries in 
Southern California, 1981-2009.
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reports off Ventura Flats and the San Pedro Shelf near the Los Angeles/Long Beach harbor (Figure 
14.5). Recreational hook-and-line captures occurred mainly within Santa Monica Bay. 

Of the 300 entangling net records, 62% of the reported captures occurred in the set-gillnet 
fishery targeting California Halibut, Pacific Angel Shark, and/or White Seabass, and 32% occurred 
in the DGN fishery targeting pelagic sharks and Swordfish; 6% of the reports provided no indica-
tion of entangling net fishery type. White Sharks captured in the SGN and DGN gillnet fisheries 
were reported across all seasons, with a prominent peak in set-gillnet captures occurring from May 
through July (Figure 14.6). The frequency of reported White Shark captures in the DGN fishery 
was more evenly distributed from April through November than that of the SGN fishery (Figure 
14.6). Reports of White Sharks in entangling net fisheries were dominated by YOY and began in 
the late 1970s, peaked in 1985, decreased into the late 1990s, and began an upward trend in 2006 
(Figure 14.7a).

Reported captures of YOY mirrored temporal trends in fishing effort (number of sets) in 
the SGN fisheries from 1981 to 2005 (Figure 14.7b). Fishing effort remained relatively stable in 
both fisheries from the mid-1990s to 2008; however, following 2005, the incidence of reported 
White Shark captures steadily increased. During the period prior to the nearshore-gillnet ban 
(1981–1993), the average (±SD) number of sets per year in the SGN fishery was 10,882 ± 3,964 
compared with 5,821 ± 3,251 in the DGN fishery. After the nearshore-gillnet ban (1994–2008), 
the average number of sets decreased significantly in both fisheries (set gillnets: X ± SD = 2,905 
± 936, t = 2.16, p < 0.0001; drift gillnets: X = 1,123 ± 893, t = 2.14, p < 0.0001). We found a sig-
nificant difference in the age-class distribution of reported White Sharks captured by gillnets 
before and after the nearshore-gillnet ban in state waters (X2 = 6.19, p = 0.045). Prior to the 
nearshore-gillnet ban, YOY White Sharks accounted for 61% of reported captures in gillnets, 
whereas after the ban this proportion increased by 16% to 77%. The average reported YOY 
CPUE (YOY/1,000 sets) in the SGN fishery was significantly higher after the closure (X = 0.93, 
95% confidence interval: 0.22 to 2.11) than before (X = 0.23, 95% confidence interval: 0.05 to 
0.55; t = 2.12, p = 0.02).

Prior to the nearshore-gillnet ban in state waters, SGN effort was primarily concentrated 
along the mainland coast (<3 nm from shore) from Point Conception to San Diego (Figure 
14.8a). Other areas with concentrated effort included the north and south sides of Santa Rosa 
Island. Higher numbers of set-gillnet YOY captures appeared to coincide with higher fishing 
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Before Nearshore-Gillnet Ban

Figure 14.8  Spatial Distribution of set-gillnet effort and associated YOY White Shark Captures in Southern California 
before 1981-1993, a) and after (1994-2008, b) the nearshore-gillnet ban. The numbers represent sample 
sizes for fishing blocks with greater than 10 sharks. GN, gillnet.

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.
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After Nearshore-Gillnet Ban

Figure 14.8  Spatial Distribution of set-gillnet effort and associated YOY White Shark Captures in Southern California 
before 1981-1993, a) and after (1994-2008, b) the nearshore-gillnet ban. The numbers represent sample 
sizes for fishing blocks with greater than 10 sharks. GN, gillnet.

181HISTORIC FISHERY INTERACTIONS WITH WHITE SHARKS

120°36'0"W
(a)

119°30'0"W

Point Conception

Ventura

Los Angeles

No. of set gillnet setsBefore nearshore GN ban
0
1–1,500
1,501–5,000
5,001–16,589

No. of YOYs
1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
30

N

California

30 Nautical miles15 0 CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

120°36'0"W
(b)

119°30'0"W

Point Conception

Ventura11 11

Los Angeles

No. of set gillnet setsAfter nearshore GN ban
0
1–1,500
1,501–5,000
5,001–6,663

No. of YOYs
1
2–5
6–10
10+

Dana Point

San
Diego

State waters (3 nm)
CDFG fishing block

118°24'0"W 117°18'0"W

34
°1

8'0
"N

33
°1

2'0
"N

32
°6

'0"
N

Figure 14.8  Spatial distribution of set-gillnet effort and associated YOY White Shark captures in Southern 
California before (1981–1993, a) and after (1994–2008, b) the nearshore-gillnet ban. The  numbers 
 represent sample sizes for fishing blocks with greater than 10 sharks. GN, gillnet.



This work is licensed under a Creative Commons 
Attribution-NonCommerical-ShareAlike 
4.0 International (CC BY-NC-SA 4.0).

A project of CA NGSS K–8 Early Implementation Initiative. 

8.9.31

Handout
Toolbox 8.9 8.9.H1

I Can Use the Identify and Interpret (I²) Strategy

I Can Use the Identify and  
Interpret (I2) Strategy

Have you ever looked at a graph or figure and felt overwhelmed by it? Often there is  

a lot of information on graphs and in figures. The Identify and Interpret (I2) strategy 

helps you make sense of graphs, figures, sketches, and other ways to represent data. 

This strategy helps you break down the information into smaller parts. To do this, you first 

identify what you see in the graph or figure. Then you interpret each of those observations  

by deciding what they mean.     

Once you have determined what the smaller parts of the graph or figure mean, you are ready 

to put all the information together. To do this, you write a caption. You have probably seen 

captions under figures in textbooks or magazines. Captions are a summary of the information 

in the graph or figure. They are written in complete sentences. Captions help you show your 

understanding of the material you are studying. 

To help you understand how to use the I2 strategy, look at the following example. This 

example will help you make sense of a graph. This graph shows the average monthly 

temperatures in one US city.

Engage   Explore   Explain   Elaborate   Evaluate 1

Step 1: Identify 
(“What I see” comments)

n   Identify any changes, trends, 
or differences you see in the 
graph or figure. 

n   Draw arrows and write  
a “What I see” comment  
for each arrow. 

n   Be concise in your  
comments. These should  
be just what you  
can observe. 

n   Do not try to explain the 
meaning at this point.

I2 step Example

For this example, there are arrows drawn that point to the two trends and the change. 

Notice that the arrows point to the general upward and downward trends, not to each data 

point. A “What I see” comment describes what each arrow points to on the graph.

© 2012 BSCS, elearn.bscs.org

Image via BSCS [Reproduced with permission]
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BSCS Middle School Science 
I Can Use the Identify and  
Interpret (I2) Strategy

Engage   Explore   Explain   Elaborate   Evaluate 2

Step 2: Interpret 
(“What it means”  
comments) 

n   Interpret the meaning of 
each “What I see” comment 
by writing a “What it 
means” comment. 

n   Do not try to interpret the 
whole graph or figure. 

Step 3: Caption

n   Write a caption for the 
graph or figure. 

n   Start with a topic sentence 
that describes what the 
graph or figure shows. 

n   Then join each “What I see” 
comment with its “What it 
means” comment to make  
a sentence. 

n   Build a coherent paragraph 
out of your sentences. 

I2 step

I2 step

Example

Example

In this example, “What it means” comments were added to each “What I see” comment. 

The “What it means” comments explain the changes, trends, and differences that were 

identified in Step 1.

In this example, the first sentence of the caption describes what the graph shows. Then each 

“What I see” comment was combined with its “What it means” comment to form complete 

sentences. Those sentences make up a paragraph that describes each part of the graph. 

© 2012 BSCS, elearn.bscs.org

Biological Sciences Curriculum Study (2012). I Can Use the Identify and Interpret (I2) Strategy. https://1.cdn.edl.io/
XUfsvNjrUwqXTQ0NymaXbrdc8gOkLiBk0o8vMRN3khcAoVGG.pdf [Reproduced with permission]

https://1.cdn.edl.io/XUfsvNjrUwqXTQ0NymaXbrdc8gOkLiBk0o8vMRN3khcAoVGG.pdf
https://1.cdn.edl.io/XUfsvNjrUwqXTQ0NymaXbrdc8gOkLiBk0o8vMRN3khcAoVGG.pdf
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ABSTRACT

The degree to which White Sharks (Carcharodon carcharias) have interacted with various fisheries 
in Southern California is unknown, despite their high public interest and recent protection under 
state, federal, and international regulations. Data on White Shark fishery interactions in Southern 
California were mined from news reports, state and federal management agencies, sher logbooks, 
and research institutions. Of the 369 records of reported White Shark catch between 1936 and 
2009, 39% were categorized as young of the year (YOY), 21% as juveniles, 5% as subadult/adults, 
and the remaining 35% were of unreported size. YOY sharks were caught in nearshore waters  
(<50-m depth) more often than adult sharks, which were mainly caught in offshore waters  
(>50-m depth). In addition, entangling net fisheries (e.g., trammel nets, set and drift gillnets) caught 
more White Sharks (81%) than other fisheries (purse seine, trawl, set line, hook-and-line, harpoon, 
etc.). Incidental reported catch rates of YOY and juvenile White Sharks have increased in Southern 
California since the California nearshore-gillnet ban in 1994 and regulation of the offshore drift 
gillnet fishery, despite a significant decrease in overall gillnet fishing effort since the mid-1990s. 
This suggests that the White Shark population off California may be increasing because of reduced 
nearshore gillnet fishing effort and harvest protection in state and federal waters. 

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.
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Seasonal Distribution and Historic Trends in Abundance
of White Sharks, Carcharodon carcharias, in the Western
North Atlantic Ocean
Tobey H. Curtis1*, Camilla T. McCandless2, John K. Carlson3, Gregory B. Skomal4, Nancy E. Kohler2,

Lisa J. Natanson2, George H. Burgess5, John J. Hoey2, Harold L. Pratt Jr.2,6
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Abstract

Despite recent advances in field research on white sharks (Carcharodon carcharias) in several regions around the world,
opportunistic capture and sighting records remain the primary source of information on this species in the northwest
Atlantic Ocean (NWA). Previous studies using limited datasets have suggested a precipitous decline in the abundance of
white sharks from this region, but considerable uncertainty in these studies warrants additional investigation. This study
builds upon previously published data combined with recent unpublished records and presents a synthesis of 649
confirmed white shark records from the NWA compiled over a 210-year period (1800-2010), resulting in the largest white
shark dataset yet compiled from this region. These comprehensive records were used to update our understanding of their
seasonal distribution, relative abundance trends, habitat use, and fisheries interactions. All life stages were present in
continental shelf waters year-round, but median latitude of white shark occurrence varied seasonally. White sharks primarily
occurred between Massachusetts and New Jersey during summer and off Florida during winter, with broad distribution
along the coast during spring and fall. The majority of fishing gear interactions occurred with rod and reel, longline, and
gillnet gears. Historic abundance trends from multiple sources support a significant decline in white shark abundance in the
1970s and 1980s, but there have been apparent increases in abundance since the 1990s when a variety of conservation
measures were implemented. Though the white shark’s inherent vulnerability to exploitation warrants continued
protections, our results suggest a more optimistic outlook for the recovery of this iconic predator in the Atlantic.
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Introduction

The white shark Carcharodon carcharias is one of the largest, most

widespread ocean predators distributed in sub-polar to tropical

seas of both hemispheres [1]. White sharks are important apex

predators that occupy trophic levels similar to that of carnivorous

marine mammals (trophic level = 4.5) [2–3]. While white shark

productivity (expressed as intrinsic rates of increase or population

rebound potentials) falls along the midpoint of a continuum of

productivity values calculated for a suite of shark species [4–5],

they may have naturally low abundance [6] and possess general

life history traits that make them vulnerable to exploitation [7–9].

Although white sharks have not historically been subjected to

directed fisheries, there are numerous accounts of incidental

captures in commercial fisheries worldwide [1,10–14]. Moreover,

their iconic status and highly valued jaws and fins have subjected

them to targeted recreational and trophy fisheries where or when

their populations have been unprotected [1,11].

To date, only Baum et al. [15] and McPherson and Myers [16]

have attempted any quantitative assessment of the status of the

white shark population in the northwest Atlantic Ocean (NWA).

While some of these results have been criticized as unreliable and

overly pessimistic [17], analysis of pelagic longline fishery logbook

data from the NWA suggested a sharp decline (between 59 and

89%) in white shark numbers between 1986 and 2000 [15].

Similarly, using sparse sightings data (N= 31) from Atlantic

Canada, McPherson and Myers [16] estimated a 3-950 fold

decrease in white shark population size between 1926 and 1988.

Due to studies such as these, evidence of population declines in

other regions around the world (e.g., [18–19]), and their iconic

and charismatic nature, white sharks have been afforded some of

the highest level of protection of any elasmobranch. For example,

they have been listed on the appendices of The United Nations

Convention on Law of the Sea (UNCLOS), the Convention on

International Trade in Endangered Species of Wild Fauna and

Flora (CITES), and the Convention for the Conservation of

PLOS ONE | www.plosone.org 1 June 2014 | Volume 9 | Issue 6 | e99240
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Migratory Species (CMS). The World Conservation Union

(IUCN) currently lists the white shark globally as ‘Vulnerable’

[20]. In the NWA, The Committee on the Status of Endangered

Wildlife in Canada (COSEWIC) has recommended that white

sharks be listed as ‘‘Endangered,’’ and they have been listed as a

prohibited species (i.e., no commercial or recreational harvest) in

US waters since 1997 [21]. Due to these conservation concerns,

and the high uncertainty associated with previous studies [15–16],

there is a need to better understand the historic and current status

of white sharks in the NWA, incorporating as much reliable data

as possible.

Despite recent advances in field research on white sharks in

several regions around the world (e.g., [22–23]), opportunistic

capture and sighting records remain the primary source of

information on this species in the NWA [14,16,24–25]. This is

due to their sparse distribution and a historic lack of discrete

coastal aggregation sites in this region. Casey and Pratt [24]

provided a qualitative assessment of the distribution of NWA white

sharks, but this study took place before the significant expansion in

the 1980s of directed large coastal shark fisheries in the US

Atlantic (e.g., [26–27]). White sharks were found to range from

Newfoundland, Canada to the Gulf of Mexico and northern

Caribbean Sea, but were most frequently encountered from the

Gulf of Maine south to Cape Hatteras, North Carolina [24]. They

have been considered only occasional visitors to the warmer waters

off the southeastern US and Gulf of Mexico [24,28–31].

Herein, we report on the patterns of distribution and relative

abundance of white sharks in the NWA region based on a

comprehensive compilation of historic and recent white shark

capture and sighting records. A variety of fishery-dependent and -

independent sources were synthesized, resulting in the largest

white shark dataset yet compiled from this region. We provide a

robust description of their historical abundance trends, spatio-

temporal distribution, fishery interactions, and essential habitats.

This updated information will improve the conservation and

management of white sharks regionally and internationally, and

provide a new baseline for future studies.

Methods

White shark occurrence records were collected from numerous

sources, including landings data, commercial fishery observer

programs, recreational tournament information, scientific research

surveys, commercial and recreational fishermen, collaborating

scientists, newspaper articles, personal communications, and the

scientific literature ([14,24] and references therein, [25,31–33]).

Due to species misreporting problems in the pelagic longline

fishery [17], logbook records from this fishery were considered

unreliable and excluded. The data in each record typically

included date, location, measured or estimated shark total length

(TL), and capture gear (unless a visual observation). Lengths

estimated at greater than 6 m were considered unreliable [34].

Where lengths were reported in fork length, conversion to TL was

performed using the formula in Kohler et al. [35]. Based on

published length-at-age and length-at-maturity estimates [7–8,36],

sharks were classified as neonate (,1.5 m TL), young-of-the-year

(YOY, ,1.75 m TL), juvenile (1.75–3.79 and 1.75–4.5 m TL for

males and females, respectively), or mature (.3.79 and .4.5 m

TL for males and females, respectively). Some records had more

complete data including shark weight, sex, stomach contents,

photographs, water temperature, depth, or other observations. All

records were given a subjective reliability ranking of A, B, C, or F

similar to that described by Casey and Pratt [24] and Skomal et al.

[14]. Records receiving a low ranking of C or F, in which the

identification of the white shark seemed suspect, could not be

corroborated, and/or lacked photographic evidence, were exclud-

ed from the analysis.

Distribution analysis
All records were analyzed with reference to spatial and temporal

patterns of presence, as well as bottom depth and sea surface

temperature (SST), when recorded. If not reported, white shark

sighting locations (latitude and longitude) were assigned where

possible. Data were plotted using Geographic Information System

(GIS) software (ArcGIS v. 10.0, ESRI, Redlands, California).

Bottom depth was subsequently assigned to each observation by

matching the position to ETOPO1 Ocean Relief Model bathym-

etry in ArcGIS. To investigate seasonal changes in distribution,

year was divided into four seasons: winter (January through

March), spring (April through June), summer (July through

September), and fall (October through December). Due to the

inherent limitations of using presence-only information where

observation effort and detectability are unknown, raw positions

were simply mapped in their corresponding season, and no

quantitative species distribution models were applied. In order to

visualize shark distribution relative to typical SST conditions in the

region, seasonal shark positions were overlaid on satellite-based

4 km Advanced Very High Resolution Radiometer (AVHRR)

Pathfinder v.5.0 Seasonal Climatologies, averaged from 1985–

2001 (National Oceanographic Data Center/University of Mi-

ami).

Trends in abundance
Multiple historic and current data sources were examined for

the presence of white sharks. Of those examined, we determined

that only four data sources contained adequate information to

estimate white shark trends in abundance for the NWA. Longline

catch data were obtained from two sources: fishery-independent

longline surveys conducted by the NMFS Northeast Fisheries

Science Center (NEFSC) and its predecessor agencies between

1961 and 2009 [37–38] and the observer program of the directed

shark bottom longline fishery from 1994–2010 [26,39]. Data

collected by the NMFS NEFSC at five recreational fishing

tournaments from 1965 to 1996 (white sharks were listed as a

NMFS prohibited species in 1997) were also used in this study.

The tournaments were based out of New York (Bayshore Mako

Tournament, Montauk Marine Basin Shark Tag Tournament,

and Freeport Hudson Anglers, Inc. Shark Tournament) and New

Jersey (Jersey Coast Shark Anglers Invitational Shark Tournament

and South Jersey Shark Tournament). The final data source

included sightings and capture records of white sharks in the NWA

from 1800–2010 [14,24], excluding records from the previous

three time series, recent directed sightings effort, and accounting

for historical directed effort leading up to and directly following

the publication of the first comprehensive NWA white shark

distribution paper [24]. Historical directed sightings effort was

removed from the sightings time series during the late 1970s

through the1980s based on the original datasheet notations and

knowledge of the persons collecting the data during that time,

resulting in an 80% reduction in these sightings records (Figure

S1). Following initial analyses of the sightings data, additional

sightings records in the vicinity of Monomoy Island, Massachusetts

were removed in recent years for trend comparisons with respect

to the increase in sightings near a growing population of gray seals

(Halichoerus grypus) in that area [14].

Due to excess zero observations in the observer data, the

fishery-independent longline surveys, and the tournament data, we

used a mixture of a Bernoulli distribution (with a point mass of one

White Shark Distribution and Abundance
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at zero) for presence/absence data and a Poisson distribution for

count data (including zeros) in a zero-inflated Poisson (ZIP)

mixture model [40–41] to develop standardized indices of

abundance. A number of parameters were considered as potential

covariates affecting the presence/absence of white sharks and/or

the white shark catch per set or tournament. For the NEFSC

longline surveys, the variables available for consideration were

year, season, depth, SST (,10uC, 10–14uC, 15–19uC, 20–24uC,
.25uC), latitude, target (coastal shark, pelagic shark, pelagic

inshore), bait type (teleost, elasmobranch, mixed), gear fishing on

the bottom or up in the water column, leader type (wire,

monofilament, mixed), hook number, and soak time. Variables

available for the NEFSC tournament database were year,

tournament, number of boats, number of days fished, and area

(NY, NJ). For the observer program, the variables available for

consideration were year, season, time of day, depth, area (Gulf of

Mexico, southern Atlantic), hook type (small, medium, large,

other), bait type (clupeid, elasmobranch, teleost, tuna, other), hook

number, and research fishery participation (Amendment 2 to the

2006 Consolidated Highly Migratory Species Fishery Manage-

ment Plan established a scientific research fishery in 2008 to gather

information on Carcharhinus plumbeus). Stepwise forward model

selection was used to determine which variables to retain in all

final models based on the Akaike information criterion (AIC) and

given a likelihood ratio test between the chosen model and the null

model (intercept only) produced a test statistic value close to zero

(#0.01) [42–43]. All models retained ‘‘year’’ in order to develop

annual indices of abundance. Residual plots were used to

determine the adequacy of model fits [43].

These standardized indices of abundance were then analyzed

using a hierarchical framework to estimate a single time series of

relative abundance [44]. This approach allows for the combina-

tion of multiple time series with differing lengths that do not all

overlap in time [44]. The hierarchical approach developed by

Conn [44] assumes that each index is measuring relative

abundance and is subject to both process error and sampling

error, the latter of which is presumably captured by the

standardization process used to develop the indices of abundance.

The indices (standardized to their means) and coefficients of

variation were used in the hierarchical analysis to estimate

individual index process error, assuming a lognormal error

structure, and a hierarchical index of abundance [44]. The

hierarchical analysis was conducted in a Bayesian framework using

the same set of prior distributions as described by Conn [44] and

used for other shark species for stock assessment purposes [45].

Annual white shark sightings were modeled using the approach

developed by McPherson and Myers [16] to examine population

trends from observational data. This method extracts the

abundance trend in relative terms by fitting a series of generalized

linear models to the difference in the count data between two

points in time (difference between the most recent time point and

any reference date) using a Poisson distribution and guards against

sensitivity to unusually high or low counts by varying the reference

period used to derive the count differences [16]. The estimated

trend in relative abundance can then be viewed by plotting the

magnitude of change in the number of reported sightings by year

in log-space. Resulting values larger than 1 suggest an overall

declining trend in abundance, values of 1 suggest a stable

population, and values less than 1 suggest an overall increasing

trend in abundance. This approach was used on the sightings data

for multiple time frames. The sightings data were analyzed given

any reference year from 1800 to 2008, 1950 to 2008, 1960 to

1986, and 1990 to 2008. Sensitivity analyses were conducted

assuming changes in observation effort had either increased or

decreased by 25% and 50% [16]. All analyses were conducted

using the R programming environment [46].

Results

We compiled a total of 649 verified white shark records from the

NWA during the period 1800–2010. While the records date as far

back as 1800, 94% occurred since 1950. Of these, 596 records had

sufficient data (i.e., date and location) for seasonal distribution

analysis and 433 were included in relative abundance time series

runs (excluding directed effort, N= 200, and sightings with no

associated year, N= 5).

Sex of the shark was confirmed in 297 records and included 148

males and 149 females. Sharks that were accurately measured

(N= 279) ranged in length from 1.22–5.63 m TL. An additional

259 records included estimated lengths, which we rounded down

to the nearest m TL (1–9 m TL) (Figure 1). The records

collectively included 124 YOY, 310 juveniles, and 104 mature

sharks. While some white sharks were reported at estimated

lengths exceeding 9 m, these estimations were considered unreli-

able. The largest shark considered accurately measured was a

female specimen landed on Prince Edward Island, Canada in

August 1983, which measured 5.26 m fork length (5.63 m TL).

Gear interactions
Confirmed gear interactions represented 66% (404) of the white

shark records compiled, including both targeted and incidental

catches. Forty-one percent of these records were derived from

recreational rod and reel fishing (Figure 2). Amongst the

remaining gear types, white sharks were most frequently captured

by fishery-dependent (13%) and -independent (11%) longline gear

(bottom and pelagic), harpoon (11%), and gillnet (11%, sink and

drift), with fewer numbers caught in trawls (8%) and fish weirs/

traps (4%, Figure 2). The practice of harpooning large white

sharks, responsible for the majority (33%) of mature white shark

captures, was more prevalent prior to 1980, and has been

uncommon since 1997 when white sharks were prohibited from

commercial and recreational harvest. Since 1985, fishery-depen-

dent longline gear (40%) dominated reported white shark captures

with rod and reel captures dropping to 35%. Within commercial

fisheries (1985–2009), longline (60%) and gillnet (17%) have been

the primary sources of incidental captures reported, and these

gears predominantly catch immature sharks (Figure 2). Recrea-

tional rod and reel fishing accounted for 28% of the mature white

Figure 1. White shark lengths. Length frequency of white sharks
from the western North Atlantic (N = 538). These data include lengths
from accurately measured specimens (N= 279), as well as estimated
lengths, rounded down to the nearest m.
doi:10.1371/journal.pone.0099240.g001
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sharks landed, with 72% of these captured between 1960 and

1990. Most of these landings occurred between Long Island, New

York, and Massachusetts. However, juvenile white sharks (includ-

ing YOY) were also frequently caught by rod and reel fishermen

(Figure 2) targeting other large gamefish along the US coast.

Seasonal distribution
The range of white shark occurrence extended from the north

coast of Newfoundland (51u N) to as far south as the British Virgin

Islands (18u N), as far east as the Grand Banks (50u W) and

Bermuda (65uW), to as far west as the coast of Texas in the Gulf of

Mexico (97u W, Figure 3). While this overall distribution is quite

broad, 90% of white sharks occurred along the US coast between

22u 00’ and 45u 30’ N (100% YOY, 86% juvenile, 89% mature).

The center of distribution was in southern New England and the

Mid-Atlantic Bight (between 35u 00’ and 42u 00’ N), where 66% of

white sharks occurred (97% YOY, 54% juvenile, 70% mature).

White sharks of all size/age classes were present in continental

shelf waters throughout the year. However, there were consider-

able differences in distribution across seasons (Figure 3). During

winter months, white sharks (2% YOY, 75% juvenile, 27%

mature) were primarily distributed off the southeastern US and in

the Gulf of Mexico (Figure 3a). Only one YOY white shark was

captured during the winter months. This shark measured 1.64 m

TL and was captured off North Carolina in January 1996. The

median latitude of occurrence during winter months ranged from

,28–31u N (Figure 4). No white sharks were reported north of

Cape Hatteras (,35u N) during winter (Figure 3a). Focal areas of

winter occurrence were identified off the northeast coast of Florida

(smaller juvenile through mature-sized individuals), off the Florida

Keys (larger juvenile and mature sharks), and offshore of Tampa

Bay (smaller juvenile through mature sharks) in the eastern Gulf of

Mexico (Figure 3a).

During spring months, there was a clear expansion northward

(Figure 3b, Figure 4). White sharks (28% YOY, 50% juvenile, 22%

mature) occurred widely along the coast, mostly between the

eastern Gulf of Mexico and the New York Bight (waters off the US

Atlantic coast from Cape May Inlet in New Jersey to Montauk

Point in Long Island, New York, Figure 3b). Median latitude of

occurrence shifted dramatically across spring months, from 28u N
in April to 40u N in June (Figure 4). The northernmost

occurrences during this period typically occurred in late spring

(May and June) (Figure 4) and the majority were large juvenile and

mature sharks.

By summer, white sharks (23% YOY, 47% juvenile, 30%

mature) appeared largely absent from southern coastal waters,

occurring primarily in the Mid-Atlantic Bight, New England, and

Canadian waters (Figure 3c). Only a few white sharks (mature)

have been reported from south of Cape Hatteras during summer

(Figure 3c). Most records were centered from the New York Bight

eastward and north to Cape Cod. White sharks, predominately

large juvenile and mature individuals, appear to reach the most

northern portions of their NWA range (Newfoundland, Gulf of St.

Lawrence) during August (Figure 4), but the median latitude of

occurrence for all life stages remains around 40–41u N throughout

the summer (Figure 4).

YOY sharks were most frequently encountered during summer

between the central coast of New Jersey and Massachusetts Bay.

However, most YOY shark observations (64%) were concentrated

in the New York Bight between Great Bay, New Jersey, and

Shinnecock Inlet, Long Island, New York. Neonate-sized white

sharks (N= 46) were documented in this area between June and

October (85% in June-August). Mature-sized female white sharks

were also documented from this region during summer months,

but no gravid or post-partum females were examined.

White sharks (15% YOY, 64% juvenile, 21% mature) remained

in northern latitudes into the fall (Figure 3d), but appeared to

begin a southward transition in November and December

(Figure 4). Similar to spring months, white shark occurrence was

broadly distributed along the coast between New England and the

east coast of Florida (Figure 3d). The largest shift in median

latitude occurred between November (42u N) and December (34u
N, Figure 4).

Habitat Use
While environmental observations were limited throughout this

data set, some patterns of habitat use were identified. Depth

distribution data (N= 564) indicated that white sharks were

predominantly encountered over continental shelf waters (,
200 m, Figures 3 and 5a). Over 92% of observations occurred

in waters ,100 m deep, and the median reported depth at

occurrence was 30 m (mean 61 SD =696235 m). Only 23

observations occurred in deeper waters off the continental shelf,

however, many of these were still relatively close to shore (e.g., off

the Florida Keys, Figure 3). For YOY (N=102), juvenile

(N= 265), and mature (N= 125) sharks, the median depth at

occurrence was 32 m (mean61 SD =32619 m), 26 m (mean61

SD =45674 m), and 50 m (mean 61 SD =896190 m),

respectively; indicating a potential increase in the use of deeper

waters by white sharks with increased size/age.

White sharks were captured in SSTs (N = 124) of 9–28uC
(mean 61 SD =18.363.5uC). For YOY (N=26), juvenile

(N= 68), and mature (N= 21) sharks, the median reported SST

at occurrence was 19.5uC (mean 61 SD =19.061.9uC), 18uC
(mean 61 SD =18.163.5uC), and 16uC (mean 61 SD

=17.764.6uC), respectively. Over 80% of observations with

temperature information were between 14 and 23uC (Figure 5b).

Additionally, analysis of the NEFSC longline survey database

suggested a preference for a similar SST range (see Trends in

Abundance section).

Figure 2. White shark gear interactions. Reported fishery-
dependent and fishery-independent gear interactions with white sharks
by life stage in the NWA, 1800–2009 (N= 390).
doi:10.1371/journal.pone.0099240.g002
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Trends in Abundance
The best fit model for the NEFSC longline surveys indicated

that both the presence/absence and number of sharks per set were

primarily influenced by soak time. There was a higher likelihood

of catch with longer soak times, but within the positive catch sets,

the longest soak times produced fewer white sharks, possibly due to

bite offs (observed severed leaders) and/or predation. The

presence/absence of white sharks in the NEFSC longline surveys

was also influenced by SST with a higher likelihood of catch in the

15–19uC and 20–24uC temperature categories. Depth also

influenced catch per set with higher catch rates in shallower

depths. The presence/absence of a white shark at sampled

tournaments was influenced by tournament location, with a higher

likelihood of catching a white shark during one of the tournaments

based out of New Jersey during the reported sampling time frame.

For the observer program, the presence/absence of white sharks

was primarily influenced by area fished and effort (number of

hooks); catch per set was also influenced by area fished as well as

season (highest catches off the Atlantic coast of Florida during the

winter).

Both standardized indices of relative abundance for the NEFSC

longline surveys and the tournament data show decreasing

estimates over time until the end of tournament time series, when

white sharks were prohibited. Then the NEFSC longline index

appears to increase based on best fit regression models of the data

(Figure 6). The second order polynomial trend line estimated for

this time series fits with our knowledge of the survey data in that

the ZIP model could not provide estimates for several zero catch

years during the mid to late 1990s and into the early 2000s. The

observer index, which started after the implementation of the first

shark fishery management plan in 1993, has an overall increasing

trend in relative abundance throughout the time series, despite the

large peak in the early 2000s, which the standardization process

could not account for (Figure 6).

The hierarchical trend combining all three indices, although

slightly masked by the large credible intervals for the index, shows

historically higher abundances during the 1960s and into the mid-

1970s with a declining trend into the late 1980s and then begins a

gradual increasing trend through the remainder of the time series

(Figure 7). During the mid-1970s and throughout the 1980s, white

Figure 3. White shark seasonal distribution. Distribution of white shark presence records (white circles) in the NWA during (a) winter, (b) spring,
(c) summer, and (d) fall. Positions are overlaid on seasonal average SST conditions (1985–2001). The 200 m bathymetric contour is displayed to
delineate the edge of the continental shelf. CC = Cape Cod, NYB = New York Bight, CH = Cape Hatteras, FL = Florida, GOM = Gulf of Mexico, and
CS = Caribbean Sea.
doi:10.1371/journal.pone.0099240.g003
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shark relative abundance had declined between 27 and 86%, with

a median value of 73%. The most recent year in the time series

(2010) shows only a 31% decline in white shark abundance from

its historical abundance estimate in 1961. Estimates of process

error show the three indices performed reasonably well for white

shark abundance and values were similar across indices (indices’

process standard deviation estimates ranged from 0.405–0.457,

Figure S2).

Excluding the time series analyzed separately and directed

effort, a total of 346 white sharks were sighted between 1800 and

2009 (Figure 8a), with over 86% (299) of the sightings occurring

between 1950 and 2009 (Figure 8c). Under the assumption of no

change in observational effort, the sightings model estimated that

there was an overall increasing trend (all estimated values less than

1) in the NWA white shark population since the 1800s, most

notably during the beginning of the time series through the 1950s

and during more recent years (Figure 8b). A closer look at the

relative abundance trend starting in the 1950s, reveals that even

though the change in magnitude from any reference year between

1950 and 2008 to the terminal year in 2009 results in an increase

in relative abundance (magnitude of change ,1), there still

appears to be a declining trend during the 1970s into the mid

1980s (Figure 8d). Sensitivity analyses estimating 25 and 50%

increases and decreases in observation effort clearly increases the

uncertainty surrounding the estimates of change in abundance,

but the overall trend remains the same. Analysis of the sightings

data with a terminal year of 1987 reveals an estimated 2–4-fold

(median estimate = 2.71, 63% decline) decrease in the population

since any reference year between 1970 and 1986 (Figure 9). If we

reduce the observational effort by 25% and 50%, it reduces the

estimated decline during the 1970’s into the mid 1980’s to 51%

and 26%, respectively (median estimates = 2.02 and 1.36,

respectively, Figure 10). A 98% reduction in observational effort

is needed to avoid a decline in abundance during that time frame

(model estimates and confidence bounds consistently drop below

1). During the 1990s, the relative abundance trend appears to

stabilize and then begins an increasing trend during the 2000s

until the end of the time series (Figures 8b, 8d). This overall

increasing trend in relative abundance during the end of the time

series is retained when assuming 25 and 50% increases and

decreases in observation effort (Figures 8b, 8d).

A comparison of abundance trends between the hierarchical

and sightings methods reveals a strikingly similar pattern except at

the end of the time series, where the sightings time series has a

much steeper increase in abundance (Figure 10). Removal of white

shark sightings from the sightings data during the 1990s and 2000s

around a growing gray seal colony on Monomoy Island still

provides an increasing trend, but an overall smaller magnitude of

change and results in a more gradual slope that is more in line with

the trend estimated for the hierarchical index (Figures 10, 11).

Discussion

This study represents the most comprehensive synthesis of data

on NWA white sharks to date, and significantly updates previous

reviews [24–25]. In general, the white shark remains an

uncommon and sparsely distributed predator in the NWA.

However, by combining over two centuries worth of observations

the results have provided new insights into population and

distribution trends along the east coast of North America.

Seasonal Distribution and Habitat
The use of presence-only data for describing species distribu-

tions has inherent limitations (e.g., [47]). Results may be biased by

spatial and temporal variability in observation effort, detectability,

Figure 4. White shark monthly distribution. Box plots of
latitudinal distribution of white shark presence by month in the NWA.
The sample size in each month is given above the x-axis.
doi:10.1371/journal.pone.0099240.g004

Figure 5. White shark habitat use. Distribution of (a) bottom
depths (N= 564) and (b) SST (N= 124) associated with NWA white shark
captures/sightings.
doi:10.1371/journal.pone.0099240.g005
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and catchability [16,47]. However, presence records from captures

and sightings are often the best source of baseline information on

comparatively uncommon marine species like the white shark

[10,24,48–49]. Since the majority of our records were derived

from fisheries interactions, patterns in fishing effort and gear over

space and time should partially account for the patterns we have

described. One important bias is that the occurrence of adult white

sharks in our dataset is likely underestimated due to the fact that

these large individuals can more easily escape entanglements/

hooking in fishing gear.

Since most fishing effort and boating activity in the NWA occurs

over continental shelf waters, encounter rates with white sharks

may be biased toward the coasts. Therefore, white shark

occurrence in offshore waters may be underrepresented in this

analysis. The only fishery likely to encounter white sharks in

offshore waters is the pelagic longline fishery, which targets tunas

and swordfish, but regularly incidentally captures pelagic shark

species including silky (Carcharhinus falciformis), dusky (C. obscurus),

oceanic whitetip (C. longimanus), and blue (Prionace glauca) sharks

[15,50]. However, the occurrence of white sharks in this offshore

fishery appears to be extremely low [24,50–51]. We agree with the

assertions of Burgess et al. [17] that the 6,087 white sharks

reported in pelagic longline fishery logbooks according to Baum et

al. [15] were probably not in fact Carcharodon carcharias, and these

records should not be used to infer distribution or abundance

patterns for this species. Given the occasional reports of white

sharks from offshore waters beyond the continental shelf, including

their documented occurrence in Bermuda waters [33] and recent

satellite tracking data (GBS, unpublished data), further observa-

tions, stable isotope analyses, and/or advanced technology tagging

studies are needed to provide a greater understanding of their use

of offshore habitats in this region.

In the absence of seasonal shifts in shark distribution, fisheries

would be expected to have fairly equal probability of encountering

white sharks across the year throughout their range. However, this

was not the case for several fisheries, as encounters were unevenly

distributed across seasons. For example, despite observer coverage

for the majority of the year in the shark bottom longline fishery

[26,39], no white sharks were encountered during summer months

off the southeast US. Likewise, catch and observer records in

commercial trawl and gillnet fisheries off New England and

Canada primarily documented white sharks during summer

months, despite year-round fishing activity and observer coverage

(NMFS Northeast Fisheries Observer Program, unpublished data).

These trends appear to support the seasonal north-south

distribution shift of the NWA white shark population, despite

the limitations of using presence-only information. This north-in-

summer, south-in-winter distributional pattern is typical of

numerous temperate, coastal, migratory fishes in the northern

hemisphere (e.g., [52–53]) and white shark migrations from

temperate to subtropical waters have also been documented off the

west coast of the United States and Mexico [54–55] and off the

Pacific coasts of Australia and New Zealand [56–57].

Figure 6. White shark relative abundance. White shark indices of abundance (index/mean) standardized using a zero-inflated Poisson model
plotted by year for three time series: NEFSC LL = Northeast Fisheries Science Center fishery-independent longline surveys, TOURN = NEFSC
tournament database, and OBS LL = observer program of the directed shark longline fishery. Trend lines are best fit regression models of the
standardized data (second order polynomial for NEFSC LL and exponential for TOURN and OBS), using R2 values and considering the biology of the
white shark. The dashed red line indicates the year of the first fishery management plan (FMP) for Atlantic sharks in 1993 [77] and the solid red line
indicates the year that white sharks were listed as a NMFS prohibited species in 1997 [21].
doi:10.1371/journal.pone.0099240.g006

Figure 7. White shark relative abundance trend. Time series of
white shark relative abundance in the NWA as estimated from
hierarchical analysis. The continuous black line gives the posterior
mean, and the shaded area represents a 95% credible interval about the
time series. The red line is the estimated trend based on locally
weighted polynomial regression using the LOWESS smoother.
doi:10.1371/journal.pone.0099240.g007
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Consistent with previous studies on white sharks (e.g.,

[18,24,31]), temperature appears to exert a significant influence

on distribution, and is likely a key migratory cue in the region. The

seasonal movement of the white shark population up and down

the Atlantic coast of North America, an average shift of

approximately 12u of latitude (28–40u N, Figure 4), allows white

sharks to remain within an apparently preferred SST range of

,14–23uC. Given their comparatively large body mass and

endothermic capabilities [58], this relatively narrow temperature

range does not define the white shark’s thermal tolerance which

extends from at least 3–28uC [55,59–60], but it does appear to

largely define the bounds of their seasonal latitudinal range in this

region. Therefore, while temperature may drive seasonal distri-

bution shifts, the selection of specific summer and winter habitats

is likely based upon environmental characteristics secondary to

temperature (e.g., prey availability).

The relatively broad summer focal area for white sharks

between the coasts of New Jersey and Massachusetts likely include

important foraging areas across life stages. YOY and juvenile

white sharks, which were more prevalent in the New York Bight

region during summer, would have access to a wide variety of

demersal and pelagic teleosts and elasmobranchs for prey [24].

The waters less than 50 m deep on the broad continental shelf in

the New York Bight area may represent primary nursery habitat

for YOY white sharks [24]. The seasonal peak in the presence of

neonate-sized sharks suggests that parturition may occur near this

area between May and August. White shark nursery habitat has

also been identified in other regions along continents where larger

expanses of shelf habitat exist [56,61].

Large white sharks (.3.0 m) tend to preferentially feed upon

marine mammals including pinnipeds, small cetaceans, and large

whale carcasses [10,18,62–63]. Since pinniped populations in the

NWA have been severely depressed throughout most of the last

century [64], confirmed predations on seals (Phoca vitulina,

Halichoerus grypus) have been rare until very recently [14,32,65].

Whale carcasses are thought to be one of the most important

sources of food for large white sharks in this region [66]. White

sharks have been observed scavenging dead whales off New

England and Long Island, New York on numerous occasions

[24,63, 66–67, NMFS unpublished data, JKC personal observa-

tion), but they also supplement their diet with odontocete whales

such as the harbor porpoise (Phocoena phocoena) [68–69] and fishes

Figure 8. Time series of white shark sightings. (a) Number of annual white shark sightings reported in the NWA from 1800 to 2009. (b)
Estimates of relative change in abundance (filled circles) with 95% credible intervals (dashed lines) for any reference year between 1800 and 2008
assuming no change (black plot), a 50% increase (red plot), and a 50% decrease in observation effort. (c) Number of annual white shark sightings
reported in the NWA from 1950 to 2009. (d) Estimates of relative change in abundance (filled circles) with 95% credible intervals (dashed lines) for any
reference year between 1950 and 2009 assuming no change in observation effort (black plot), a 25% and 50% increase in observation effort (green
and red plots, respectively), and a 25% and 50% decrease in observation effort (blue and purple plots, respectively).
doi:10.1371/journal.pone.0099240.g008

Figure 9. White shark relative decline in abundance. Estimates of
relative decline in abundance (filled circles) with 95% credible intervals
(dashed lines) for any reference year between 1960 and 1986 assuming
no change in observation effort (black plot), a 25% and 50% increase in
observation effort (green and red plots, respectively), and a 25% and
50% decrease in observation effort (blue and purple plots, respectively).
Note that the scale for the y-axis has been reversed when compared to
Figure 8 to visualize the declining trend in abundance during this time
period.
doi:10.1371/journal.pone.0099240.g009
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including tunas (Thunnus spp.), sea robins (Prionotus spp.),

menhaden (Brevoortia tyrannus), hakes (Urophycis spp.), skates

(Rajidae), bluefish (Pomatomus saltatrix), smooth dogfish (Mustelus

canis), and other shark species ([24], NMFS unpublished data).

Due to the dynamic and broad distribution of prey (i.e., teleosts,

marine mammals) in this region, white sharks must forage over a

broad area, rather than at discrete aggregation sites like those off

California, Australia, or South Africa (e.g., [70–72]). However, the

recovery of NWA gray seal populations over the last decade [64]

and their increasing concentrations at specific sites along Cape

Cod, Massachusetts, appears to be producing new localized

summer feeding aggregations for white sharks [14].

Although the summer distribution of white sharks in the NWA

has been described in previous studies [24–25], there has been

very limited information on the focal areas for white shark

occurrence during winter months. White sharks have long been

thought to be rare and occasional visitors to coastal waters off the

southeast US, Gulf of Mexico, and the northern Caribbean Sea

[24,28–31]. However, the current results indicate that white sharks

visit these subtropical waters on a regular basis during the winter.

The most notable areas of repeated occurrence during winter

months are the Atlantic shelf waters between southern Georgia

and Cape Canaveral, Florida and Gulf of Mexico shelf waters west

of Tampa Bay, Florida for small juvenile through mature sized

individuals, and Atlantic coastal waters along the Florida Keys for

larger juvenile and mature white sharks.

The reasons why white sharks are drawn to particular

subtropical areas during winter months are unclear, but they

likely include important foraging grounds. Analysis of white shark

stomach contents from this region are extremely limited, however,

documented prey items include dolphins (Delphinidae), sharks

(Carcharhinidae), red drum (Sciaenops ocellatus), sea turtles, and

squid ([31], Authors’ unpublished stomach contents data).

Historically, white sharks that occurred along the Florida Keys

and northern Caribbean islands may have also preyed upon the

now extinct Caribbean monk seal (Monachus tropicalis) [73]. Juvenile

and adult white sharks have also been observed scavenging upon

the carcasses of North Atlantic right whales (Eubalaena glacialis) in

the waters off Georgia and northern Florida on several occasions

[74]. This area is designated as critical habitat for the right whale,

and includes their primary (December-March) calving grounds

[75]. White sharks are not known to actively prey upon healthy

adult mysticete whales [63,76], but it is possible that they are

drawn to this area during the right whale calving season in order

to attempt to prey upon calves [74], or scavenge upon occasional

carcasses of adults or calves and/or whale placentas. Seasonal

movement of white sharks to subtropical calving grounds of

humpback whales (Megaptera novaengliae) has been documented in

the North and South Pacific Oceans (e.g., [49,54,57]). Despite the

unpredictable availability of large whale carcasses, white sharks

may regularly migrate to whale aggregation areas for foraging/

scavenging. The particularly high caloric value of whale blubber

Figure 10. Trend comparison of white shark relative abundance. (a) Estimated trend from the hierarchical analysis, and (b) estimated trend
from the sightings analysis.
doi:10.1371/journal.pone.0099240.g010

Figure 11. Recent trends in white shark relative abundance.
Estimates of relative change in abundance (filled circles) with 95%
credible intervals (dashed lines) for any reference year between 1990
and 2008 assuming no change in observation effort (black plot), a 25%
and 50% increase in observation effort (green and red plots,
respectively), and a 25% and 50% decrease in observation effort (blue
and purple plots, respectively) for the original sightings time series from
1990 to 2009 (a) and the time series with sightings that occurred near
Monomoy Island during that time frame removed (b).
doi:10.1371/journal.pone.0099240.g011
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tissue [66] makes it an optimal food choice to help meet the high

energetic demands of the endothermic white shark [58,63].

In summary, given the available information on white shark

distribution, feeding habits, and habitat use, it appears that the

annual north-south distribution shift of the white shark population

is driven by a combination of environmental preferences and prey

availability. White sharks move into summer feeding areas off the

northeast US when SST rises above approximately 14uC. They
feed on a wide variety of prey over a broad area, but large white

sharks have been increasingly associated with emerging gray seal

colonies off Massachusetts in recent years [14]. As temperatures

decline during the fall, the shark population shifts southward,

eventually reaching putative foraging grounds off Georgia and

Florida. White sharks have been documented to occur on

continental shelf waters throughout the year, and may migrate

along the Atlantic coast rather than regularly moving into offshore

pelagic waters, as they do in the eastern North Pacific (e.g., [54–

55]). The sparse observations in Mid-Atlantic waters between

Maryland and South Carolina for all life stages suggest this stretch

of coast may be a migratory corridor, connecting northern and

southern feeding areas. However, preliminary satellite tracking

data from this region suggest that some individuals may also spend

considerable amounts of time beyond the continental shelf (GBS,

unpublished data). More observations, tagging, and telemetry

studies are necessary to shed more light on these patterns.

Abundance Trends and the Status of NWA White Sharks
The results of our relative abundance analyses offer a more

optimistic outlook for NWA white sharks than previous reports

[15,16]. Consistent with previous analyses, significant declines

(63–73%) through the 1970s and 1980s were identified, but

previously undocumented positive trends were present in available

time series since the early 1990s. The hierarchical method,

allowing the combination of multiple time series that did not all

overlap in time, had the largest amount of uncertainty associated

with its estimated trend of relative abundance. During simulation

testing of the hierarchical method, Conn [44] reported that the

credible intervals for the hierarchical index were frequently wider

than nominal for all simulation scenarios, suggesting that the

estimation procedure was overly conservative. Although there is

uncertainty in all trends used in this study, the concordance of

multiple data sources in the timing of population changes lends

credence to the observed patterns. The population declines of the

1970s and 1980s and the increases during the 1990s are also

parsimonious with our understanding of the expansion and

eventual regulation of shark fisheries during this period [21,27,77].

Though no real trend can be inferred, an additional source of

historic and contemporary relative abundance comes from the

shark bottom longline fishery off Florida [24,26,51]. From 1935–

1950, prior to widespread commercial shark fishing and purported

population declines, white sharks represented approximately 1 out

of every 3,704 sharks captured in this fishery [24,51]. Despite

some likely changes to gear and effort over time, Morgan et al.

[26] reported that white sharks represented approximately 1 out of

every 3,443 sharks captured in the same fishery between 1994 and

2003, a remarkably small difference between observations

separated by over 40 years. Though these are just two points in

time, the similarity in relative occurrence may indicate that white

shark abundance in this region is currently comparable to what it

was in the 1930s and 1940s. Had the stock collapsed and remained

at decimated levels, the relative occurrence ratio in Morgan et al.

[26] would likely have been significantly lower than that reported

by Springer [51].

There is evidence suggestive of recent increases in white shark

abundance in other regions, similar to what is documented here

for the NWA. Catch per unit effort from protective beach nets

show an apparent increasing trend in relative abundance for white

sharks during the 2000s in South Africa [78] and during the mid

1990s through the 2000s in New Zealand [79]. Catches of white

sharks from southern California fisheries have also increased in

recent years despite significant reductions in fishing effort [12].

Similar to the US Atlantic, all of these regions have legally

protected white sharks from harvest since the 1990s. Though data

remain comparatively sparse for white sharks, and significant

uncertainty remains in all abundance trend estimates ([12,16,78–

79], this study), there is growing evidence that legal protections for

white sharks in the NWA and elsewhere around the world have

been effective. Population declines appear to have been halted and

populations may now be stabilized or growing in several regions.

However, given the white shark’s inherent sensitivity to exploita-

tion and low productivity [4,9], fishery bycatch mortality remains

a concern to the long-term sustainability of their populations.

Despite some recent progress in our understanding of the

biology of white sharks in the NWA ([9,14,74,80], this study), there

are still considerable knowledge gaps in this region compared to

other areas [23]. Significant questions remain on life history,

population structure and size, behavior, habitat preferences,

feeding habits, movements, and migration. Other than the possible

presence of a summer nursery area in the New York Bight,

virtually nothing is known about the location and timing of mating

or parturition. It is not known if the timing and extent of white

shark migrations in the NWA are similar to those described in

recent satellite tracking studies in the Pacific and Indian Oceans

[54–55,59,81]. Further research will help fill in many of these

information gaps, and continued compilation of opportunistic

sightings, fishery captures, and examination of occasional speci-

mens will, over time, help to further expand our knowledge and

improve conservation strategies.

Supporting Information

Figure S1 Time series of white shark sightings. (a)

Number of annual white shark sightings reported in the NWA

from 1800 to 2009, excluding the time series used in the

hierarchical analysis and recent directed effort. The vertical red

line indicates the year the first comprehensive NWA white shark

distribution paper was published [24]. (b) Number of annual white

shark sightings used to model trends in abundance, contains an

80% reduction in records leading up to and directly following the

Casey and Pratt [24] publication (red line) to account for directed

effort during that time.

(TIF)

Figure S2 Process errors for white shark relative
abundance indices. Posterior means and 95% credible intervals

for the standard deviation (SD) of process error for the three

indices used in the hierarchical analysis. NEFSC LL = Northeast

Fisheries Science Center fishery-independent longline surveys,

TOURN = NEFSC tournament database, and OBS LL =

observer program of the directed shark longline fishery.

(TIF)
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https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0099240
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Frequency and Distribution of Reported White Shark Captures

Figure 14.1  Temporal trends in reported Southern California White Shark captures by age class, 1935–2009.  
YOY, <175 cm TL; juveniles, 176–300 cm TL; subadult/adult, >300 cm TL; and Unk, size unknown.

Copyright 2012. From Global Perspectives on the Biology and Life History of the White Shark, Chapter 14 “Historic Fishery Interactions with White 
Sharks in the Southern California Bight” by C. Lowe, M. Blasius, E. Jarvis, T. Mason, G. Goodman-Lowe and J. O’Sullivan. Reproduced by permission of 
Taylor and Francis Group, LLC, a division of Informa plc.

173HISTORIC FISHERY INTERACTIONS WITH WHITE SHARKS

Data Analysis

All of the records were cross-referenced, and duplicate records were removed. Capture loca-
tions were reported as CDFG fishing blocks (10 min. × 10 min.), site names, landmarks, or global 
positioning system (GPS) coordinates. For analysis, all capture locations were assigned to their 
respective CDFG fishing blocks.

Records of reported White Shark captures were analyzed by age class, capture month, capture 
season, fishing gear, and spatially, by CDFG fishing block for all categories. Temporal trends in 
YOY captures were plotted against trends in fishing effort in the DGN and SGN fisheries from 1981 
to 2008. Fishing effort was not available for 2009. We used a chi-squared test of independence to 
determine whether the age-class distribution of reported White Sharks in entangling net fisheries 
was the same before (1980–1993) and after (1994–2008) the nearshore-gillnet ban. We also tested 
for differences in average annual fishing effort (number of net sets) in the DGN and SGN fisheries 
between the two time periods using an independent two-sample t test (assuming unequal vari-
ances). Similarly, we used an independent two-sample t test to test for differences in average annual 
YOY White Shark catch per unit effort (CPUE = YOY captures/1,000 sets) in the SGN (assuming 
unequal variances) and DGN (assuming equal variances) fisheries between the two time periods. 
YOY CPUE values were square root transformed; however, reported means and 95% confidence 
limits were back-transformed.

RESULTS

Frequency and Distribution of Reported White Shark Captures

We obtained 369 fishery-dependent records of reported White Shark captures occurring in the 
Southern California Bight from 1936 to 2009. Of the 369 records analyzed, 35% of the reports 
provided no indication of size. Of the remaining records, young-of-the-year White Sharks com-
prised 60% of the reports, followed by juveniles (32%) and subadult/adults (8%). Reports of White 
Shark captures were sporadic throughout the early and mid-twentieth century but increased from 
the 1980s through the early 1990s and peaked in 1985 and 2009 (Figure 14.1). Reported captures 
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Figure 14.1  Temporal trends in reported Southern California White Shark captures by age class, 1935–2009. 
YOY, <175 cm TL; juveniles, 176–300 cm TL; subadult/adult, >300 cm TL; and Unk, size unknown.
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Global Shark Tracker (Optional)

Students can further explore white sharks in the Atlantic by using the Global Shark Tracker http://www.ocearch.org/ as 
a website or app, to collect and record data about shark behavior. The tracker uses SPOT tags to transmit radio waves 
to a satellite. Therefore, sharks can only transmit data about their position when their dorsal fin breaks the surface, and 
they must surface long enough to send data to the satellite.

Ask students to think about (individually) what they know about the relationship between where white sharks travel and 
their age. Ask them to share their ideas with a partner. Once they have formulated a clear idea, ask them to write about 
the relationship between where white sharks travel and their age in their Science Notebook.

 ❑ Open the Global Tracker website or app and demonstrate the Global Shark Tracker: 

 ❯ Give students a few moments to orient themselves to what they are looking at, allowing discussion 
between partners. Ask a few to share what they notice (different circles represent different species; 
there are recent pings highlights on the side; there are control buttons to the left of recent pings, etc.). 
Hover your mouse over one of the round objects in the ocean to reveal a pop-up box that describes 
the species and allows you to see the latest pings (and “like” the animal). Clicking this will open 
up a larger box with more detail on the animal. Spend a few minutes exploring with students. To 
check for understanding, ask students to recall what ping means; allow students to discuss before 
sharing with the whole class. (A ping occurs when the tagged dorsal fin breaks the surface of the 
water and transmits a signal to a satellite. The transmission sends back an estimated geolocation. 
Each dot that appears on the map indicates that the shark surfaced and a signal was transmitted to 
a satellite.)

 ❯ Narrow the search to just white sharks by using the navigation buttons on the right side of 
the screen. To filter, click on the icon showing three horizontal lines and enter search criteria. 
(Suggested: select white shark in the species box and then click the blue track button at the bottom 
of the box.)  

 ❯ Ask students for a suggestion of how to narrow their search to a specific shark. For example, all 
shark pings in the last month could be viewed by additionally clicking on the month button under 
tracking activity and again, clicking the blue track button. 

 ❯ If students do not suggest zooming in to the North Atlantic, ask why it appears as though there is a 
“clump” of activity there. How can we find out what’s going on? Some students may realize there are 
zoom-in (+) and -out (-) buttons that can be used. In addition, you can drag the map around to focus 
on that area allowing for more resolution.  

 ❯ Show students that you can hover over a dot on the shark’s track to see the date and time of 
the ping. Ask students to discuss what the lines drawn between the pings are? (Ping data is the 
only data recorded; therefore, the lines are inferred and that is why you may find lines crossing 
land masses.)

 ❯ Ask students to discuss why the water has two different colors. (The continental shelf on the map 
(light blue) is shallow water, although it appears as if it is far from shore. The darker blue is deeper 
water, and the lines or cracks in the dark blue represent geologic features/bathymetry of the ocean 
floor below the water.) Note the path of the shark’s track in relation to the continental shelf.

http://www.ocearch.org/
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 ❯ Click on several dots and determine the approximate time Albertina spent close to shore (on the 
continental shelf) or farther from shore.

 ❑ Ask the class to choose a white shark and predict the following: How old is the shark? (YOY or Adult) What is 
their reasoning? Once students share their prediction, click on the round button for that shark to open up its 
full description in the box to the right to confirm/refute the prediction.

 ❑ Ask students to work in groups of four to collect data on the white sharks on a chart such as this:

Shark 
Name Student Name

Time spent 
close to shore 
(on continental 

shelf)

Time spent 
away from 

shore (beyond 
continental shelf)

Predict: How old 
is the shark? What 
is your reasoning?

Sex

Stage of Life 
(immature = YOY 

or juvenile 
mature = sub-
adult or adult)

 ❯ Each person in a group can research 3 or 4 different sharks until data has been collected on all of 
them (if time permits). Record the information on the chart. To identify which sharks each student 
has researched, the student’s name should be written in the second column. It will take longer to 
collect data on some sharks than others.

 ❯ When students have finished recording data, they should share with their group members, so each 
person has the entire data set. Alternatively, students can create a shared document for their group 
and add information from the sharks they research on the spreadsheet.

Global Shark Tracker (Optional) (continued)
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T E A C H E R  N O T E
In order to find the amount of time spent close to shore or away from shore, students will have to click 
on several dots indicating the shark surfaced and approximate the length of time.

 The goal for students is to explore this tracking technology and look for patterns in the data they collect. 
They should observe that the YOY and juvenile sharks stay close to shore or only occasionally venture 
beyond the continental shelf, while the adult sharks swim farther away from shore. Facilitate a class 
discussion summarizing the data.

 ❯ Ask students to identify patterns they see in these data. What are some reasons young sharks stay 
closer to shore than adult sharks? Although students do not have evidence for this from this activity, 
they might connect prior learning and infer; more fish (young white sharks eat fish and it’s easier to 
catch fish in shallower waters); shallow waters are safer and offer more protection; shallow waters 
have warmer temperatures; they have less endurance to swim long distances.

 ❯ Ask students what these data can tell us about shark populations. (It cannot tell us anything about 
the population size of white sharks, but it gives us insight into behavior of individuals. Looking for 
patterns between individuals, it verifies that young sharks stay closer to shore than adult sharks. 
Because young sharks stay close to shore, since the gillnet ban went into effect, they are no longer 
caught as bycatch; they have the chance to grow up.) 

Global Shark Tracker (Optional) (continued)
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Next Generation Science Standards (NGSS)
This lesson is building toward: 

8.9.A1

PERFORMANCE EXPECTATIONS (PE)

MS-ESS3-4 Construct an argument supported by evidence for how increases in human population and per-capita consumption 
of natural resources impact Earth’s systems. [Clarification Statement: Examples of evidence include grade-
appropriate databases on human populations and the rates of consumption of food and natural resources (such 
as freshwater, mineral, and energy). Examples of impacts can include changes to the appearance, composition, 
and structure of Earth’s systems as well as the rates at which they change. The consequences of increases in 
human populations and consumption of natural resources are described by science, but science does not make the 
decisions for the actions society takes.]

A note from the authors: Between this lesson and the subsequent Lesson 8.10: White Shark Public Service Announcement, 
students will meet the vision of this Performance Expectation with the exception of an emphasis on structure and changes in the 
Earth’s system.

NGSS Lead States. 2013. Next Generation Science Standards: For States, By States. Washington, DC: The National Academies Press. 

SCIENCE AND ENGINEERING PRACTICES (SEP)

Asking Questions and Defining Problems
• Ask questions to identify and/or clarify evidence and/or the premise(s) of an argument. 

• Ask questions that require sufficient and appropriate empirical evidence to answer.

Analyzing and Interpreting Data
• Analyze and interpret data to determine similarities and differences in findings.

• Distinguish between causal and correlational relationships in data.

Constructing Explanations and Designing Solutions
• Apply scientific ideas, principles, and/or evidence to construct, revise and/or use an explanation for real-world phenomena, 

examples, or events. 

• Apply scientific reasoning to show why the data or evidence is adequate for the explanation or conclusion.

Engaging in Argument from Evidence
• Construct, use, and/or present an oral and written argument supported by empirical evidence and scientific reasoning to 

support or refute an explanation or a model for a phenomenon or a solution to a problem.
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DISCIPLINARY CORE IDEAS (DCI)

ESS3.C: Human Impacts on Earth Systems
• Typically as human populations and per-capita consumption of natural resources increase, so do the negative impacts on 

Earth unless the activities and technologies involved are engineered otherwise.

CROSSCUTTING CONCEPTS (CCC)

A note from the authors: Students determine which elements are relevant for their understanding using 8.1.H4: Crosscutting 
Concepts for Middle School Students.

Cause and Effect
• Cause and effect relationships may be used to predict phenomena in natural or designed systems. 

• Relationships can be classified as causal or correlational, and correlation does not necessarily imply causation.

Connections to Engineering, Technology, and Applications of Science 
Influence of Science, Engineering, and Technology on Society and the Natural World
• All human activity draws on natural resources and has both short- and long-term consequences, positive as well as negative, 

for the health of people and the natural environment.

Connections to Nature of Science 
Science Addresses Questions About the Natural and Material World

• Science knowledge can describe consequences of actions but does not necessarily prescribe the decisions that society takes.

Disciplinary Core Ideas, Science and Engineering Practices, and Crosscutting Concepts” are reproduced verbatim from A Framework for K-12 Science Education: Practices, 
Crosscutting Concepts, and Core Ideas. DOI: https://doi.org/10.17226/13165. National Research Council; Division of Behavioral and Social Sciences and Education; 
Board on Science Education; Committee on a Conceptual Framework for New K-12 Science Education Standards. National Academies Press, Washington, DC. This 
material may be reproduced for noncommercial purposes and used by other parties with this attribution. If the original material is altered in any way, the attribution must 
state that the material is adapted from the original. All other rights reserved.
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Common Core State Standards (CCSS)
CCSS ELA SCIENCE & TECHNICAL SUBJECTS

CCSS.ELA-LITERACY.RST.6-8.1 

Cite specific textual evidence to support analysis of science and technical texts.
CCSS.ELA-LITERACY.RST.6-8.4 Determine the meaning of symbols, key terms, and other domain-specific words and phrases as 
they are used in a specific scientific or technical context relevant to grades 6-8 texts and topics.

CCSS.ELA-LITERACY.RST.6-8.7 Integrate quantitative or technical information expressed in words in a text with a version of 
that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table).

CCSS ELA READING: INFORMATIONAL TEXT

CCSS.ELA-LITERACY.RI.8.5 Analyze in detail the structure of a specific paragraph in a text, including the role of particular 
sentences in developing and refining a key concept.

CCSS.ELA-LITERACY.RI.8.8 

Delineate and evaluate the argument and specific claims in a text, assessing whether the reasoning is sound and the evidence is 
relevant and sufficient; recognize when irrelevant evidence is introduced.

CCSS ELA WRITING

CCSS.ELA-LITERACY.W.8.1 

Write arguments to support claims with clear reasons and relevant evidence.

CCSS.ELA-LITERACY.W.8.1.B 

Support claim(s) with logical reasoning and relevant evidence, using accurate, credible sources and demonstrating an 
understanding of the topic or text.
CCSS.ELA-LITERACY.W.8.7 

Conduct short research projects to answer a question (including a self-generated question), drawing on several sources and 
generating additional related, focused questions that allow for multiple avenues of exploration.

CCSS ELA SPEAKING & LISTENING 

CCSS.ELA-LITERACY.SL.8.1 

Engage effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on 
grade 8 topics, texts, and issues, building on others’ ideas and expressing their own clearly.

© Copyright 2010. National Governors Association Center for Best Practices and Council of Chief State School Officers. All rights reserved.



Appendix 8.9
Sharks and Humans

8.9.A4This work is licensed under a Creative Commons 
Attribution-NonCommerical-ShareAlike 
4.0 International (CC BY-NC-SA 4.0).

A project of CA NGSS K–8 Early Implementation Initiative. 

California English Language Development (ELD) Standards
CA ELD 

Part 1.8.6: Reading closely literary and informational texts and viewing multimedia to determine how meaning is conveyed 
explicitly and implicitly through language

EMERGING EXPANDING BRIDGING

P1.8.6 

a)  Explain ideas, phenomena, processes, 
and text relationships (e.g., compare/
contrast, cause/effect, problem/
solution) based on close reading of a 
variety of grade-appropriate texts and 
viewing of multimedia with substantial 
support.

b)  Express inferences and conclusions 
drawn based on close reading of 
grade-appropriate texts and viewing 
of multimedia using some frequently 
used verbs (e.g., shows that, based 
on).

c)  Use knowledge of morphology (e.g., 
affixes, roots, and base words), 
context, reference materials, and 
visual cues to determine the meanings 
of unknown and multiple-meaning 
words on familiar topics.

P1.8.6 

a)  Explain ideas, phenomena, processes, 
and text relationships (e.g., compare/
contrast, cause/effect, problem/
solution) based on close reading of a 
variety of grade-appropriate texts and 
viewing of multimedia with moderate 
support.

b)  Express inferences and conclusions 
drawn based on close reading grade- 
appropriate texts and viewing of 
multimedia using a variety of verbs 
(e.g., suggests that, leads to).

c)  Use knowledge of morphology (e.g., 
affixes, roots, and base words), 
context, reference materials, and 
visual cues to determine the meanings 
of unknown and multiple-meaning 
words on familiar and new topics.

P1.8.6 

a)  Explain ideas, phenomena, processes, 
and text relationships (e.g., compare/
contrast, cause/effect, problem/
solution) based on close reading of a 
variety of grade-level texts and viewing 
of multimedia with light support.

b)  Express inferences and conclusions 
drawn based on close reading of 
grade-level texts and viewing of 
multimedia using a variety of precise 
academic verbs (e.g., indicates that, 
influences).

c)  Use knowledge of morphology (e.g., 
affixes, roots, and base words), 
context, reference materials, 
and visual cues to determine the 
meanings, including figurative and 
connotative meanings, of unknown 
and multiple-meaning words on a 
variety of new topics.

In addition to the standard above, you may find that you touch on the following standards in this lesson as well:

P1.8.1:  Exchanging information and ideas with others through oral collaborative discussions on a range of social and 
academic topics

P1.8.2:  Interacting with others in written English in various communicative forms (print, communicative technology and 
multimedia)

P1.8.3:  Offering and justifying opinions, negotiating with and persuading others in communicative exchanges

P1.8.5:  Listening actively to spoken English in a range of social and academic contexts

P1.8.10:  Writing literary and informational texts to present, describe, and explain ideas and information, using appropriate 
technology

P1.8.12:  Selecting and applying varied and precise vocabulary and other language resources to effectively convey ideas

P2.8.1: Understanding text structure

P2.8.5: Modifying to add details

P2.8.6: Connecting ideas

P2.8.7: Condensing ideas
© 2014 by the California Department of Education All rights reserved.
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California’s Environmental Principles and Concepts (EP&Cs)
EP&C

Principle 2

People Influence Natural Systems

The long-term functioning and health of terrestrial, 
freshwater, coastal, and marine ecosystems are 
influenced by their relationships with human 
societies.

Principle 3

Natural Systems Change in Ways that People Benefit 
From and Can Influence

Natural systems proceed through cycles that 
humans depend upon, benefit from, and can alter.

Principle 5

Decisions Affecting Resources and Natural Systems 
are Complex and Involve Many Factors

Decisions affecting resources and natural systems 
are based on a wide range of considerations and 
decision making processes.

California Education and the Environment Initiative. 2016. California’s Environmental Principles and Concepts. https://californiaeei.org/epc/


