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IN THE UNITED STATES DISTRICT COURT 
FOR THE MIDDLE DISTRICT OF TENNESSEE 

 
BONGO PRODUCTIONS, LLC, ROBERT 
BEINSTEIN, SANCTUARY PERFORMING 
ARTS, LLC, and KYE SAYERS, 
 
Plaintiffs,  
 
v. 
  
CARTER LAWRENCE, Tennessee State Fire 
Marshal, in his official capacity, 
CHRISTOPHER BAINBRIDGE, Director of 
Codes Enforcement, in his official capacity, 
GLENN R. FUNK, District Attorney General for 
the 20th Judicial District, in his official capacity, 
and NEAL PINKSTON, District Attorney 
General for the 11th Judicial District, in his 
official capacity,  
 
Defendants.  

 
 
 
 
 
CIVIL ACTION  
CASE NO. 3:21-cv-00490  
JUDGE TRAUGER 
 
 
 
  

______________________________________________________________________________ 
 

DEFENDANTS’ RESPONSE IN OPPOSITION TO PLAINTIFFS’ MOTION FOR 
SUMMARY JUDGMENT 

 
 

Pursuant to Rule 56 of the Federal Rules of Civil Procedure Defendants Carter Lawrence, 

Christopher Bainbridge, Glenn R. Funk, and Neal Pinkston, in their official capacities only, 

hereby respond in opposition to Plaintiffs’1 Motion for Summary Judgment.  (DE 35). 

BACKGROUND 

On March 29, 2021, and April 29, 2021, the General Assembly passed House Bill 

1182/Senate Bill 1224 by overwhelming majorities in both Houses.  Governor Lee signed House 

Bill 1182 into law on May 17, 2021, as Public Chapter 453 (“the Act”).  (Ex. A.)  The Act furthers 

the State’s interests in informing persons patronizing buildings open to the public of the building 

 
1 Plaintiffs Kye Sayers and Sanctuary Performing Arts, LLC, are no longer participating in this 
matter. 
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operator’s bathroom policy should it deviate from any existing bathroom signage designating a 

bathroom as available only to persons of a specific biological sex.  Plaintiffs seek to enjoin the 

enforcement of the entire Act, which took effect on July 1, 2021.   

A. The Contested Statute. 

As pertinent here, the Act applies to all businesses and entities within the State that are 

open to the public and, “as a matter of formal or informal policy, allow[] a member of either 

biological sex to use any public restroom within the building or facility.”  (Ex. A. Act, § 1(a).)  

 “Public restroom,” as defined by the Act, includes restrooms, locker rooms, shower 

facilities, dressing areas, and any similar facility that is “open to the general public,” “designated 

for a specific biological sex,” and constitutes a “facility or area where a person would have a 

reasonable expectation of privacy.”  (Ex. A. Act, §§ 1(d)(2)(A)(i)-(iii).)  However, the term 

“[p]ublic restroom” does not include single-occupancy restrooms or family restrooms “intended 

for use by either biological sex.”  (Ex. A. Act § 1(d)(2)(B).)   

Business and entities that are subject to the Act must post signage that is easily visible to 

people entering the restroom2 and that informs the public that “THIS FACILITY MAINTAINS A 

POLICY OF ALLOWING THE USE OF RESTROOMS BY EITHER BIOLOGICAL SEX, 

REGARDLESS OF THE DESIGNATION ON THE RESTROOM.”  (Ex. A. Act, § 1(b)(3).)   

In short, the Act requires that any entity with multi-user, sex-designated public restrooms—

and a policy of allowing all users to use either restroom, regardless of their biological sex—to post 

signage reflecting that policy on or near the restroom entrances.  Qualifying businesses and entities 

that do not comply with the Act’s requirements must have received notice of their noncompliance 

 
2 To that end, the Act also specifically describes the dimensions, coloring, and location of the 
required signage.  (Ex. A. Act, §§ 1(b)(1)-(5).) 
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at least 30 days before any action is taken against them.  (Ex. A. Act, § 1(c).)   

B. Case History 

Plaintiffs—a Tennessee business and its owner filed a Complaint on June 25, 2021, 

challenging the constitutionality of the Act.  (See generally DE 1; DE 1, PageID# 1.)  Plaintiffs 

allege that they do not wish to post the signage required by the Act because they perceive that the 

signage required—which mirrors their bathroom-usage policies—is controversial and 

stigmatizing.  (DE 1, PageID# 2.)  They allege that by requiring them to post this signage, the Act 

compels speech in violation of the First Amendment to the United States Constitution.  (DE 1, 

PageID# 18.)    Contemporaneously with the filing of their Complaint, Plaintiffs moved for a 

preliminary injunction “enjoining enforcement of H.B. 1182/S.B. 1224, 112th Gen. Assemb., 1st 

Reg. Sess. (Tenn. 2021).”  (See generally DE 6.)  

Shortly thereafter, this Court granted Plaintiffs’ Motion for Preliminary Injunction and 

enjoined Defendants from enforcing the Act. (DE 22; DE 23).  On January 31, 2022, Plaintiffs 

filed the instant Motion for Summary Judgment.  (DE 35).   

LEGAL STANDARD 

“The court shall grant summary judgment if the movant shows that there is no genuine 

dispute as to any material fact and the movant is entitled to judgment as a matter of law.”  Fed. R. 

Civ. P. 56(a); see also Johnson v. Karnes, 398 F.3d 868, 873 (6th Cir. 2005).  The moving party 

must “show that the non-moving party has failed to establish an essential element of his case upon 

which he would bear the ultimate burden of proof at trial.”  Guarino v. Brookfield Twp. Trustees, 

980 F.2d 399, 403 (6th Cir. 1992).  After the movant makes a properly supported motion, the 

burden shifts to the non-moving party to demonstrate the existence of material facts in dispute.  

An opposing party may not simply rely on its pleadings; rather, it must “produce evidence that 
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results in a conflict of material fact to be resolved by a jury.”  Cox v. Ky. Dep’t of Transp., 53 F.3d 

146, 150 (6th Cir. 1995).  When the moving party has carried this burden, the nonmoving party 

must set forth specific facts showing that there is a genuine issue for trial.  Moldowan v. City of 

Warren, 578 F.3d 351, 374 (6th Cir. 2009).  In evaluating a motion for summary judgment, the 

Court must draw all inferences in the light most favorable to the nonmoving party.  Adickes v. S.H. 

Kress & Co., 398 U.S. 144, 158-59 (1970); Reeves v. Sanderson Plumbing Prods., Inc., 530 U.S. 

133, 150 (2000).  However, the existence of a mere scintilla of evidence in support of the 

nonmoving party’s position will not be sufficient; there must be evidence on which the jury 

reasonably could find for the nonmoving party.  Anderson v. Liberty Lobby, Inc., 477 U.S. 242, 

251 (1986); Matsushita Elec. Indus. Co. v. Zenith Radio Corp., 475 U.S. 574, 587-88 (1986) 

(finding reliance upon mere allegations, conjecture, or implausible inferences to be insufficient to 

survive summary judgment); Copeland v. Machulis, 57 F.3d 476, 479 (6th Cir. 1995).   

ARGUMENT 

 Here, summary judgment is inappropriate.  As a threshold matter, this Court lacks subject 

matter jurisdiction for two reasons:  1)  Plaintiffs have failed to demonstrate standing because the 

enforcement of the Act that gives rise to their alleged injury-in-fact is not imminent or even likely; 

and 2) Plaintiffs’ First Amendment claim is not ripe as the effect of any potential enforcement is 

uncertain.  Further, even if subject matter jurisdiction were present, the Act satisfies constitutional 

scrutiny.  Plaintiffs’ Motion for Summary Judgment should therefore be denied. 

I. The Court Lacks Subject Matter Jurisdiction to Consider Plaintiffs’ Claims. 
 

A.. The Plaintiffs Lack Standing Because their Alleged Injury-in-Fact is not 
Imminent. 

 
Article III of the United States Constitution limits the jurisdiction of federal courts to cases 

and controversies.  U.S. Const. art. 3, § 2.  The doctrine of standing is “an essential and unchanging 
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part of the case-or-controversy requirement,” and defines the boundaries of jurisdiction under 

Article III by “identifying those disputes which are appropriately resolved through the judicial 

process.”  Lujan v. Defs. of Wildlife, 504 U.S. 555, 560 (1992).  Thus, as a threshold matter, federal 

courts are “under an independent obligation to examine their own jurisdiction, and standing is 

perhaps the most important of the jurisdictional doctrines” that a plaintiff must satisfy.  FW/PBS, 

Inc. v. City of Dallas, 493 U.S. 215, 231 (1990) (internal quotations and citation omitted); see 

Copas v. Lee, 396 F.Supp.3d 777, 786 (M.D. Tenn. 2019) (“Standing is a ‘threshold determinant[ 

] of the propriety of judicial intervention.’” (quoting Warth v. Seldin, 422 U.S. 490, 518 (1975)). 

In determining whether a plaintiff has standing, courts consider whether the plaintiff has 

alleged “an ‘injury in fact’ that is ‘fairly traceable to the challenged action of the defendant’ and 

is capable of being ‘redressed’ by the court.”  McKay v. Federspiel, 823 F.3d 862, 867 (6th Cir. 

2016) (quoting Lujan, 504 U.S. at 560-61).  And the plaintiff bears the burden of establishing the 

presence of all three elements.  Id.  To establish “injury-in-fact,” the plaintiff must show he 

suffered a concrete injury that is “actual or imminent, not conjectural or hypothetical.”  Lujan, 504 

U.S. at 560.  Moreover, the injury alleged must be particularized to the plaintiff—“not a 

generalized grievance.”  Allen v. Wright, 468 U.S. 737, 751 (1984). 

Here, Plaintiffs challenge the Act under the First Amendment yet they do not allege that 

the Defendants have actually enforced or will enforce any provisions of the Act against them.  “In 

a pre-enforcement challenge, whether the plaintiff has standing to sue often turns upon whether he 

can demonstrate an ‘injury in fact’ before the state has actually commenced an enforcement 

proceeding against him.”  Kiser v. Reitz, 765 F.3d 601, 607 (6th Cir. 2014).  Although Plaintiffs 

are not required to subject themselves to actual arrest or prosecution as a prerequisite, pre-

enforcement challenges typically require “the threatened injury [to be] certainly impending or 
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[that] there is a substantial risk that the harm will occur.” Susan B. Anthony List v. Driehaus, 573 

U.S. 149, 158 (2014) (quoting Clapper v. Amnesty Int’l USA, 568 U.S. 398, 414, n. 5 (2013)).  

Specifically, the Supreme Court has permitted satisfaction of the “injury-in-fact” requirement in 

the pre-enforcement context when plaintiffs allege “an intention to engage in a course of conduct 

arguably affected with a constitutional interest, but proscribed by statute, and there exists a credible 

threat of prosecution thereunder.”  Babbitt v. Farm Workers, 442 U.S. 289, 298 (1979).   

Under the Act, “[i]f an entity or business is notified that it is not in compliance with this 

section, the entity or business has thirty (30) days in which to comply before any action is taken 

against the entity or business.”  (Ex. A. Act, § 1(c).)  Plaintiffs in this case do not want to display 

the government-mandated warning notice required by the Act.  (DE 1, PageID# 2.)  But as 

Plaintiffs have neither received a threat of enforcement nor a notice pursuant to the statute, there 

mere existence of the statute alone does not amount to “a credible threat of prosecution” under the 

Act.   

In McKay, the plaintiff brought a Section 1983 claim against public officials charged with 

enforcing a state court’s administrative order prohibiting recording devices in the courtroom.  823 

F.3d at 864-65.  There, the plaintiff did not allege that he requested or was denied permission to 

use a recording device, nor that he attempted to enter the courthouse with such a device.  Instead, 

he merely alleged that he did not wish to be subject to contempt, confiscation of a device, a fine, 

or jail time pursuant to the order.  Id. at 865-66.  In holding that the plaintiff lacked standing, the 

Sixth Circuit considered a series of factors that, in conjunction with a plaintiff’s allegation of a 

subjective First Amendment chill, could establish injury-in-fact: 

(1) a history of past enforcement against the plaintiffs or others; (2) enforcement 
warning letters sent to the plaintiffs regarding their specific conduct; and/or (3) an 
attribute of the challenged statute that makes enforcement easier or more likely, 
such as a provision allowing any member of the public to initiate an enforcement 
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action…[and] a defendant’s refusal to disavow enforcement of the challenged 
statute against a particular plaintiff. 
 

Id. at 869 (internal citations omitted).  Indeed, courts considering credible threats of prosecution 

in the context of a pre-enforcement First Amendment challenge consistently look to some 

indication of a threat beyond the simple possibility of enforcement.  Id; see also Kiser, 765 F.3d 

at 609 (finding a credible threat where the plaintiff received two letters from the defendant warning 

him that he was in violation of the regulation at issue); Susan B. Anthony List, 573 U.S. at 164 

(2014) (noting that the plaintiff was previously prosecuted by the defendant for the same sort of 

speech); Plunderbund Media, L.L.C v. DeWine, 753 Fed. App’x. 362, 366-72 (6th Cir. 2018) 

(finding no credible threat where there was no history of enforcement against defendants or the 

kind of speech at issue, nothing making the statute easier or more likely to enforce, and no evidence 

of an intention to enforce). 

Here, Plaintiffs do not allege facts that satisfy any of the McKay factors, and therefore do 

not allege a credible threat of prosecution.  (See generally, DE 1.)  Indeed, they do not allege 

receipt of any warning letters, any attribute of the Act that would make enforcement easier or more 

likely,3 or that Defendants have refused to disavow enforcement against them.  Just the opposite 

is true: Defendant District Attorney General Funk has made public statements expressing his 

intention to disavow enforcement of the Act in Davidson County, where Bongo’s business is 

located. Kimberlee Kruesi, Nashville DA won’t enforce new bathroom sign law, Associated Press 

(May 24, 2021), https://apnews.com/article/nashville-laws-government-and-politics-

50412b91ca33cc45c426a9b5a89b1133 (Ex. B). 

 
3  The Act’s 30-day notice requirement before Defendants could subject Plaintiffs to penalties 
under the Act make its enforcement more difficult and less likely.  
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Moreover, the Act provides a 30-day cure period for businesses before any action can be 

taken.  (Ex. A. Act, § 1(c).)  Yet Plaintiffs do not allege receipt of such notice.  In other words, 

despite Plaintiffs’ express desire not to comply with the Act, they cannot be subject to any action 

for at least 30 days, starting from notice of noncompliance.  Thus, because Plaintiffs fail to allege 

a credible threat of prosecution under the Act, they fail to properly allege injury-in-fact and lack 

standing to bring this claim. 

Lastly, because Plaintiffs do not allege enforcement of the challenged statute by 

Defendants, there is no injury for the court to redress in this case.  In California v. Texas, 593 U.S. 

___, No. 19-840, 2021 WL 2459255 (June 17, 2021), the Supreme Court considered the standing 

of several individual plaintiffs to challenge the Affordable Care Act’s minimum-coverage 

requirement.  The Court held that those plaintiffs lacked standing because “no unlawful 

Government action “fairly traceable” to [the challenged statute] caused the plaintiffs’… harm.”  

Id. at *5.  As the Court pointed out, it has consistently required plaintiffs “to assert an injury that 

is the result of a statute's actual or threatened enforcement, whether today or in the future.”  Id.  

The Court further noted that issuing an injunction in a case where plaintiffs were not harmed by 

actual or threatened injury would ultimately amount to “an advisory opinion without the possibility 

of any judicial relief.”  Id. at *6 (quoting Los Angeles v. Lyons, 461 U.S. 95, 129, (1983) (Marshall, 

J., dissenting)); see also Carney v. Adams, 141 S. Ct. 493, 498 (2020) (Article III “require[s] that 

a case embody a genuine, live dispute between adverse parties, thereby preventing the federal 

courts from issuing advisory opinions”).  Here, Plaintiffs simply cannot show a relationship 

between the judicial relief requested and the “injury” they allege because they have not suffered 

an injury.  In effect, Plaintiffs are requesting an advisory opinion under the guise of injunctive 

relief.   
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B. Plaintiffs’ Claims are Not Ripe. 

Like the doctrine of standing, the ripeness doctrine is rooted in Article III limitations on 

federal-court jurisdiction.  However, ripeness distinctly aims at ensuring cases or controversies 

filed in federal court are timely to help the court “avoid[]…premature adjudication.”  Abbott Labs. 

v. Gardner, 387 U.S. 136, 148-49 (1967).  To show that the claim is ripe for review, a plaintiff 

must allege more than some future acts or events that “may not occur as anticipated, or at all.”  

Nat’l Rifle Ass’n of Am. v. Magaw, 132 F.3d 272, 284 (6th Cir. 1997).   

Determining whether a claim is ripe for review requires a court to consider both “the fitness 

of the issue for judicial decision and the hardship to the parties of withholding court consideration.”  

Abbott Labs, 387, U.S. at 149.  Specifically, the Sixth Circuit considers three factors in determining 

whether a claim is ripe: “(1) the likelihood that the harm alleged will ever come to pass; (2) whether 

the factual record is sufficiently developed to allow for adjudication; and (3) hardship to the parties 

if judicial review is denied.”  Norton v. Ashcroft, 298 F.3d 547, 554 (6th Cir. 2002); see also 

Ammex, Inc. v. Cox, 351 F.3d 697, 706 (6th Cir. 2003).  In the context of a claim that relies on the 

threat of injury, instead of an actual one, the standing and ripeness doctrines can be difficult to 

distinguish.  Airline Pros. Ass'n of Int’l Bhd. of Teamsters, Local Union No. 1224, AFL-CIO v. 

Airborne, Inc., 332 F.3d 983, 988 (6th Cir. 2003).  For example, “[a] threatened or imminent injury 

may satisfy standing’s injury-in-fact requirement, yet the claim may still be unripe if the issues are 

not fit for judicial review, perhaps because future events may greatly affect the outcome of the 

litigation and the cost of waiting is not particularly severe.” Id.   

Here, as discussed above at I.A., Plaintiffs fail to allege an injury beyond potential future 

events that may not occur as they expect or may not occur at all.  Plaintiffs do not know that the 

Act will be enforced against them, and even assuming it were enforced against them, they can 

Case 3:21-cv-00490   Document 39   Filed 03/02/22   Page 9 of 18 PageID #: 856



10 
 

predict neither how it would be enforced nor the effect of its enforcement.  This case therefore 

lacks the factual development necessary for this Court to properly adjudicate Plaintiffs’ claim.   

Thus, due to a lack of standing and ripeness that deprives this Court of subject matter 

jurisdiction, summary judgment is inappropriate. 

II. The Act is Constitutional. 

Even if the Court finds that it possesses subject matter jurisdiction, the Court should decline 

to grant summary judgment as the Act satisfies constitutional scrutiny. 

Plaintiffs raise only one claim challenging the constitutionality of the Act:  that the Act 

violates their First Amendment rights by compelling them, on pain of criminal penalty, to 

communicate a misleading and controversial government-mandated message that they would not 

otherwise display.  (DE 1, PageID# 2.)  Plaintiffs urge this Court to subject the Act to strict 

scrutiny.  Plaintiffs, though, have conceded that, as businesses open to the public, they are subject 

to regulation, including regulations that require them to post certain signage.  (DE 7, PageID# 51).  

Plaintiffs also conceded that “notices [that] communicate purely factual and non-controversial 

speech [] do[] not offend the First Amendment.”  (DE 7, PageID# 51.)   

Plaintiffs’ prior concessions confirm that strict scrutiny is inappropriate.  It is well settled, 

of course, that a State may not “constitutionally require an individual to participate in the 

dissemination of an ideological message by displaying it on his private property in a manner and 

for the express purpose that it be observed and read by the public.”  Wooley v. Maynard, 430 U.S. 

705, 713 (1977).   

But while the State has “‘no power to restrict expression because of its message, its ideas, 

its subject matter, or its content,’” “[u]nder the First Amendment,” it may still “regulate certain 

aspects of speech.”  Thomas v. Bright, 937 F.3d 721, 729 (6th Cir. 2019) (quoting Police Dep’t of 
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City of Chi. v. Mosely, 408 U.S. 92, 95 (1972)).  And when a statute does not regulate or compel 

expressive or ideological speech, strict scrutiny is not the applicable constitutional test.  Indeed, 

the federal appellate courts have repeatedly declined to apply strict scrutiny to non-expressive, 

non-ideological disclosure requirements in the face of First Amendment challenges.  See, e.g., 

Zauderer v. Off. of Disciplinary Couns. of Sup. Ct. of Ohio, 471 U.S. 626, 651 (1985) (declining 

to apply strict scrutiny to commercial speech); see also Nat’l Electric Mfrs. Ass’n v. Sorrell, 272 

F.3d 104 (2d Cir. 2001) (upholding a labeling requirement containing purely factual and 

uncontroversial speech); Conn. Bar Ass’n v. United States, 620 F.3d 81 (2d Cir. 2010) (subjecting 

disclosure requirements to rational basis review); N. Y. State Rest. Ass’n v. N. Y. C. Bd. of Health, 

556 F.3d 114 (2d Cir. 2009) (applying rational basis review to government mandated caloric 

disclosure requirements); Scope Pictures, of Mo, Inc. v. City of Kan. City, 140 F.3d 1201 (8th Cir. 

1998) (upholding a signage requirement regarding venereal disease where the signage conveyed 

no political or ideological message); United States v. Sindel, 53 F.3d 874, 878 (8th Cir. 1995) 

(“First Amendment protection against compelled speech. . . has only been found in the context of 

governmental compulsion to disseminate a particular political or ideological message.”).     

The signage required by the Act is neither ideological nor expressive speech.  Ideological 

speech is speech which conveys a “point of view.”  Wooley, 430 U.S. at 715.  An accurate 

statement of fact—such as the bathroom-usage policy chosen by Plaintiffs—does not communicate 

an ideological or political message.  See, e.g., Dutchess/Putnam Rest. & Tavern Ass’n, Inc. v. 

Putnam Cnty. Dep’t of Health, 178 F.Supp.2d 396, 406 (S.D.N.Y. 2001) (holding that state-
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mandated signs informing patrons of the risk of smoking did not constitute ideological speech and 

therefore did not violate the First Amendment). 

Plaintiffs either misapprehend or have mischaracterized what the Act does.  It does not 

compel that a business adopt a particular bathroom policy.  Nor does it require exclusion of 

transgendered persons from the bathroom of their choice.  Nor does it stigmatize businesses or 

patrons. Instead, the law requires only one thing:  if a business’s bathroom-use policy is different 

from its existing bathroom signage, it needs to inform its patrons as such.  (Ex. A. Act.).  Plaintiffs 

have imagined an idiosyncratic, hidden undertone to the signage that is not reflected in the Act’s 

plain language.  But Plaintiffs’ projections cannot transform a neutral statute requiring a simple 

truthful statement of fact—aimed at informing the public without compelling the business or 

entity’s ultimate choice of bathroom-usage policy—into expressive speech.  

Plaintiffs’ evidence in support of their idiosyncratic interpretation of the Act is a disputed 

fact rendering summary judgment inappropriate.  In their statement of undisputed material facts, 

Plaintiffs assert that the term “biological sex” is a recent one without a uniform definition.  Not so.  

The phrase “biological sex” is a common phrase that is also used throughout scientific literature 

and possesses a fixed and uniform definition.  See Am. Psychiatric Assoc., The Diagnostic and 

Statistical Manual of Mental Disorders, 15 (5th ed. 2013) (Ex. C); Riittakerttu Kaltiala-Heino et 

al., Gender dysphoria in adolescence:  current perspectives, ADOLESCENT HEALTH, MEDICINE AND 

THERAPEUTICS 2018: 9, 21, 21 (2018) (Ex. D); L.A. Walter and A.J. McGregor, Sex- and Gender-

specific Observations and Implications for COVID-19, WEST J EMERG MED. 21(3): 507-509 

(2020) (Ex. E); E.P. Scully et al., Considering how biological sex impacts immune responses and 

COVID-19 outcomes, NAT REV IMMUNOL 20, 442-447 (2020) (Ex. F); S.L. Klein et al., Biological 

sex impacts COVID-19 outcomes, PLOS PATHOG 16:6 (2020) (Ex. G).  Further, “biological sex” 
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has the same meaning as the longstanding and broadly accepted definition of “sex.”  See, e.g., Sex, 

New Oxford American Dictionary (3d ed. 2010) (“either of the two main categories (male and 

female) into which humans and many other living things are divided on the basis of their 

reproductive functions”).  

 Plaintiffs also argue that the term “biological sex” is stigmatizing and inherently 

discriminatory.  Again, not so.  The term “biological sex” is a neutral term that conveys no stigma 

or viewpoint.  Nor is the term necessarily indicative of attempts to limit or eliminate the legal 

recognition, protection, and rights of transgender people.  See; Doe 2 v. Shanahan, 917 F.3d 694, 

698 (D.C. Cir. 2019); Able v. United States, 88 F.3d 1280, 1286 (2d Cir. 1996); Grimm v. 

Gloucester Cnty. Sch. Bd., 972 F.3d 586, 614 (4th Cir. 2020); Parents for Priv. v. Barr, 949 F.3d 

1210, 1217 (9th Cir. 2020); Doe by and through Doe v. Boyertown Area Sch. Dist., 897 F.3d 518, 

529 (3d Cir. 2018); Hively v. Ivy Tech Cmty. Coll. of Ind., 853 F.3d 339, 347 (7th Cir. 2017); 

Cruzan v. Special Sch. Dist, No. 1, 294 F.3d 981, 983 (8th Cir. 2002); Jackson v. Valdez, --- 

Fed.App’x ---, 2021 WL 1990788, at *5 (5th Cir. 2021); Etsitty v. Utah Transit Auth., 502 F.3d 

1215, 1225 (10th Cir. 2007); E.E.O.C. v. R.G. & G.R. Harris Funeral Homes, Inc., 884 F.3d 560, 

578 (6th Cir. 2018) (affirmed by Bostock v. Clayton Cnty., Ga., 140 S.Ct. 1731 (2020)); Doe v. 

Hamilton Cnty. Bd. of Educ., 329 F.Supp.3d 543, 580 (E.D. Tenn. 2018); Farmer v. Brennan, 511 

U.S. 825, 829 (1994); Bostock, 140 S.Ct. at 1752. The challenged Act speaks for itself, and like 

the cited judicial opinions, uses the term “biological sex” objectively and neutrally.  See also 

Taylor Depo. at 79: 17-22 (“I think the intention of both of those terms [“biological sex” and “sex 

assigned at birth”] is the same”.) (Attachment A). 

 Plaintiffs’ preferred term “gender identity” is the newcomer.  “Gender identity” is a term 

popularized by Robert Stoller, a UCLA psychoanalyst.  According to Stoller, “sex was biological 
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but gender was social.”  David Haig, The Inexorable Rise of Gender and the Decline of Sex:  Social 

Change in Academic Titles, 1945-2001, Archives of Sexual Behavior, Apr. 2004, at 93  (Ex. H).  

The term “gender”—previously a grammatical term only—was itself introduced into scientific 

discourse in the 1950s by John Money, a psychologist at Johns Hopkins University.  Joanne 

Meyerowitz, A History of “Gender,” 113 The American Historical Review 1346, 1354 (2008)  

(Ex. I).  Research has not established “a strong biological basis” connecting transgender 

individuals’ gender identity with the biological reality of how their bodies’ reproductive systems 

are organized.  Accordingly, many purported gender identities are unmoored from the male/female 

binary.  Cf. United States v. Varner, 948 F.3d 250, 256-57 (5th Cir. 2020). Thus, gender identity 

plays no role in determining sex.  See Bachtrog et al., Sex Determination, Why So Many Ways of 

Doing It? PLoS Biol, 2014 Jul; 12(7) (Ex. J).   

 Nor is their expert testimony on the alleged stigmatizing effect of the term “biological sex” 

undisputed.  See Taylor Depo. 108; 8-13; 109; 24-25; 110; 1-7 (Attachment A).  Plaintiffs’ own 

expert testified that the term “biological sex” does not, in her experience, worsen gender dysphoria.  

Id.  And Plaintiffs’ attempts to call the term “biological sex” into question using rare syndromes 

likewise fails.  Humans with disorders of sexual development still have a sex.  For example, 

humans with Klinefelter syndrome (47XXY) are still men, and humans with Turner syndrome 

(45XO) are still women.  Despite departures from the normal development expected for humans 

with 46XY or 46XX chromosomes, those with Klinefelter syndrome still have a male reproductive 

system while those with Turner system still have a female reproductive system.  These two 

chromosomal disorders occur in a small proportion of the population.  See NIH, Klinefelter 

Syndrome, Eunice Kennedy Shriver National Institute of Child Health and Human Development - 
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NICHD (nih.gov) (Ex. K); NIH, Turner Syndrome, Eunice Kennedy Shriver National Institute of 

Child Health and Human Development - NICHD (nih.gov) (Ex. L). 

Nor do Plaintiffs demonstrate that the Act’s required language would be misleading or 

untruthful.  By the Act’s plain language, Plaintiffs need only post the required signage if they 

agree with the language set forth by the Act—that “this facility maintains a policy of allowing the 

use of restrooms by either biological sex, regardless of the designation on the restroom.”  (Ex. A, 

Act. § 1(a) & (b)(3) (capitalization omitted)).   

This distinction is critical.  Because Plaintiffs need only comply with the Act if the signage 

language matches their bathroom-usage policy, the Act can only compel speech that is necessarily 

accurate.  Accordingly, as the Act only requires the disclosure of accurate, non-ideological, and 

non-expressive speech, strict scrutiny does not apply and the statute need only satisfy the 

requirements of rational-basis review. 

Thus, because the Act does not require expressive or ideological speech, the deferential 

standard of rational-basis review applies.  Under rational-basis review, a law is presumed 

constitutional, and “[t]he burden is on the one attacking the legislative arrangement to negate every 

conceivable basis which might support it.”  Heller v. Doe, 509 U.S. 312, 320 (1993) (internal 

quotations omitted); see also Walker v. Bain, 257 F.3d 660, 668 (6th Cir. 2001) (stating that a 

statute is subject to a “strong presumption of validity” under rational-basis review and will be 

upheld “if there is any reasonably conceivable state of facts that could provide a rational basis”).   

A court conducting a rational-basis review does not sit “as a super legislature to judge the 

wisdom or desirability of legislative policy determinations” but asks only whether there is some 

conceivable rational basis for the challenged statute.  Heller, 509 U.S. at 319.  This means that 

under rational-basis review, it is “‘constitutionally irrelevant [what] reasoning in fact underlays 
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the legislative decision.’”  R.R. Ret. Bd. v. Fritz, 449 U.S. 166, 179 (1980) (quoting Flemming v. 

Nestor, 363 U.S. 603, 612 (1960)).   

In enacting the informed-consent provision, the General Assembly and the citizens of 

Tennessee had “absolutely no obligation to select the scheme” that a court might later conclude 

was best.  Nat’l R.R.  Passenger Corp. v. A.T. & S.F.R. Co., 470 U.S. 451, 477 (1985); see 

McGowan v. Maryland, 366 U.S. 420, 425-426 (1961) (“State legislatures are presumed to have 

acted within their constitutional power despite the fact that in practice, their laws result in some 

inequality.”).  And Tennessee “has no obligation to produce evidence to sustain the rationality of 

its action; its choice is presumptively valid and ‘may be based on rational speculation unsupported 

by evidence or empirical data.’”  TriHealth, Inc. v. Bd. of Comm’rs, 430 F.3d 783, 790 (6th Cir. 

2005) (quoting FCC v. Beach Commc’ns, Inc., 508 U.S. 307, 315 (1993)). 

Here, the rational basis for the Act is readily apparent.  Tennessee certainly has a 

compelling interest in ensuring that patrons are informed of the bathroom-use policy at businesses 

they frequent—especially when the bathroom-usage policy differs in practice from the existing 

bathroom signage used by business owners.  Many Tennesseans would agree that being “forced to 

share changing, shower, and bathroom space with members of the opposite sex” does not provide 

the same “level of privacy and comfort that” a patron could “expect” in facilities separated based 

on biological sex.  Stuart v. Metro. Gov’t of Nashville & Davidson Cnty., 679 F. Supp. 2d 851, 

854, 859 (M.D. Tenn. 2009) (Trauger, J.), vacated after settlement.   

And, although not required by rational-basis review, the statute is also narrowly tailored.  

The Act simply ensures that Tennesseans are informed of a company’s policy before they enter a 

locker room or bathroom.  It does not require Plaintiffs to adopt any specific bathroom-usage 

policy, nor does it blanketly prohibit patrons from using the bathroom contrary to their biological 
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sex.  And the Act does not prohibit Plaintiffs from posting additional signs expressing their 

particular political or social views.  Put another way, the law does allow Plaintiffs to permit any 

individual to use whatever restroom they choose, and it does not require using only the restroom 

that corresponds to biological sex.  All that is required is that Plaintiffs inform their patrons of their 

bathroom-usage policy in the event that Plaintiffs use bathroom signage inconsistent with their 

chosen usage policy.   

As the Act does not require—or inhibit—expressive, untruthful, or ideological speech, it 

easily satisfies the applicable constitutional standard. 

CONCLUSION 

 For the foregoing reasons, Plaintiffs’ Motion for Summary Judgment should be denied. 

Respectfully submitted, 

      HERBERT H. SLATERY III 
      Attorney General and Reporter 
 
      /s/ Alexander S. Rieger 
      ALEXANDER S. RIEGER 
      Senior Assistant Attorney General 
      Public Interest Division 
      Office of the Attorney General and Reporter 
      P.O. Box 20207 
      Nashville, Tennessee 37202-0207 
      (615) 741-2408 
      BPR No. 029362 
      Alex.rieger@ag.tn.gov 
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$)tate of Z!tennessee 

PUBLIC CHAPTER NO. 453 

HOUSE BILL NO. 1182 

By Representatives Rudd, Cepicky, Griffey, Sherrell, Moody, Todd 

Substituted for: Senate Bill No. 1224 

By Senators Rose, Hensley, Pody 

AN ACT to amend Tennessee Code Annotated, Title 4; Title 5; Title 6; Title 7; Title 49 
and Title 68, relative to public facilities. 

BE IT ENACTED BY THE GENERAL ASSEMBLY OF THE STATE OF TENNESSEE: 

SECTION 1. Tennessee Code Annotated, Title 68, Chapter 120, Part 1, is amended by 
adding the following as a new section: 

(a) A public or private entity or business that operates a building or facility open 
to the general public and that, as a matter of formal or informal policy, allows a member 
of either biological sex to use any public restroom within the building or facility shall post 
notice of the policy at the entrance of each public restroom in the building or facility. 

(b) Signage of the notice must be posted in a manner that is easily visible to a 
person entering the public restroom and must meet the following requirements: 

( 1) Be at least eight inches (8") wide and six inches (6") tall; 

(2) The top one-third (1/3) of the sign must have a background color of 
red and state "NOTICE" in yellow text, centered in that portion of the sign; 

(3) The bottom two-thirds (2/3) of the sign must contain in boldface, block 
letters the following statement centered on that portion of the sign: 

THIS FACILITY MAINTAINS A POLICY OF ALLOWING THE USE 
OF RESTROOMS BY EITHER BIOLOGICAL SEX, 
REGARDLESS OF THE DESIGNATION ON THE RESTROOM 

(4) Except as provided in subdivision (b)(2), have a background color of 
white with type in black; and 

(5) Be located on a door to which the sign must be affixed or have its 
leading edge located not more than one foot (1 ') from the outside edge of the 
frame of a door to which the sign must be affixed. 

(c) If an entity or business is notified that it is not in compliance with this section, 
the entity or business has thirty (30) days in which to comply before any action is taken 
against the entity or business. 

(d) As used in this section: 

( 1) "Policy" means the internal policy of a public or private entity or such 
policy as the result of a rule, ordinance, or resolution adopted by an agency or 
political subdivision of this state; and 

(2) "Public restroom": 

(A) Includes a locker room, shower facility, dressing area, or other 
facility or area that is: 

(i) Open to the general public; 
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(ii) Designated for a specific biological sex; and 

(iii) A facility or area where a person would have a 
reasonable expectation of privacy; and 

(B) Excludes a unisex, single-occupant restroom or family 
restroom intended for use by either biological sex. 

SECTION 2. This act takes effect July 1, 2021, the public welfare requiring it. 

2 
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HOUSE BILL NO. 1182 

PASSED: ______ A...,_p;.;..:ri~I 2 __ 9..._, =-20=2::..:.1 ____ _ 

0. 

CAMERON SEXTON, SPEAKER 
HOUSE OF REPRESENTATIVES 

\ RANDY MC LL Y 
SPEAKER OF THE s ATE 

APPROVED this _ll!!!day of __ tM.;::;......__._.:ay--........, ___ 2021 

fl 

BILL LEE, GOVERNOR 
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May 24, 2021

Nashville DA won’t enforce new bathroom sign law
apnews.com/article/nashville-laws-government-and-politics-50412b91ca33cc45c426a9b5a89b1133

By KIMBERLEE KRUESIMay 24, 2021

Amy Allen, the mother of an 8th grade transgender son, speaks after a Human Rights

Campaign round table discussion on anti-transgender laws Friday, May 21, 2021, in

Nashville, Tenn. Conservative lawmakers nationwide introduced a flurry of anti-LGBTQ bills

this year, but no state's political leaders have gone further than Tennessee in enacting new

laws targeting transgender people. (AP Photo/Mark Humphrey)

NASHVILLE, Tenn. (AP) — Nashville’s top prosecutor said Monday that he will not enforce a

newly enacted law that requires businesses and government facilities open to the public to

post a sign if they let transgender people use multiperson bathrooms and other facilities

associated with their gender identity.

“I believe every person is welcome and valued in Nashville,” Nashville District Attorney

General Glenn Funk said in a statement. “Enforcement of transphobic or homophobic laws is

contrary to those values. My office will not promote hate.”
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Funk’s office clarified that this refusal to enforce “transphobic or homophobic laws”

specifically included the first-of-its kind measure signed by Republican Gov. Bill Lee earlier

this month.

The move, along with the flurry of other anti-transgender laws approved by Lee, has sparked

alarm among LGBTQ advocates. Many have decried the latest measure as discriminatory and

said the required signs are “offensive and humiliating.” The law will go into effect July 1.

However, questions have remained about how specifically it will be enforced.

Republican Rep. Tim Rudd, who sponsored the legislation, told a legislative committee in

March that the bill “does not provide any fines or penalties at this point,” and the amended

version passed by that committee became law. Rudd has also said that the law could be

enforced by people filing lawsuits or district attorneys asking a judge to force businesses to

comply.

Yet Tennessee District Attorneys General Conference President Amy Weirich argued that the

language in the new law “doesn’t speak to anything having to do with enforcement.”

“The way it’s written, I don’t see anything that allows or provides me the responsibility or

right to go to civil court and ask a judge to enforce it,” said Weirich, Shelby County’s district

attorney.

Lee did not have a strong reaction when pressed by reporters Monday on Funk’s refusal to

enforce the bathroom sign law.

“I think his decision will be his own,” he said. “I signed the law; it’s his decision how he wants

to respond to it.”

Lee’s response was markedly different than when Funk announced in September he would

not enforce a new law that required abortion providers to tell their patients it may be possible

to reverse the action of abortion medication half-way through the procedure. Funk said at the

time he believed the law was unconstitutional.

Without naming Funk, Lee’s office tweeted that, “A district attorney purposefully

disregarding current, duly enacted laws by the legislature is a grave matter that threatens our

justice system and has serious consequences.”

___

Associated Press writer Jonathan Mattise contributed to this report.

All contents © copyright 2021 The Associated Press. All rights reserved.
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Abstract: Increasing numbers of adolescents are seeking treatment at gender identity services 

in Western countries. An increasingly accepted treatment model that includes puberty suppres-

sion with gonadotropin-releasing hormone analogs starting during the early stages of puberty, 

cross-sex hormonal treatment starting at ~16 years of age and possibly surgical treatments in 

legal adulthood, is often indicated for adolescents with childhood gender dysphoria (GD) that 

intensifies during puberty. However, virtually nothing is known regarding adolescent-onset GD, its 

progression and factors that influence the completion of the developmental tasks of adolescence 

among young people with GD and/or transgender identity. Consolidation of identity develop-

ment is a central developmental goal of adolescence, but we still do not know enough about 

how gender identity and gender variance actually evolve. Treatment-seeking adolescents with 

GD present with considerable psychiatric comorbidity. There is little research on how GD and/

or transgender identity are associated with completion of developmental tasks of adolescence.

Keywords: gender dysphoria, gender identity, adolescence, developmental tasks

Gender dysphoria and related concepts
The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5)1 

defines gender dysphoria (GD) as a condition in which a person has marked incongru-

ence between the expressed or experienced gender and the biological sex at birth. This 

causes clinically significant distress or impairment in social, occupational or other 

important areas of functioning. Individuals with GD experience a strong desire to be 

treated as the other gender (or some alternative gender different from their assigned 

gender) and/or to be rid of their sex characteristics, and/or the strong conviction of 

having feelings and reactions typical of the other gender (or some alternative gender). 

The previous diagnostic term, gender identity disorder, was rejected in the DSM-5 to 

avoid pathologizing identity.

According to the International Classification of Diseases (ICD)-10,2 transsexual-

ism is defined as a desire to live and be accepted as a member of the opposite sex, 

usually accompanied by a sense of discomfort with or the inappropriateness of one’s 

anatomical sex and a wish to undergo surgery and hormonal treatment to make the 

body as congruent as possible with the individual’s preferred sex. The forthcoming 

ICD-11 will reconceptualize gender identity-related diagnoses using gender incongru-

ence as the main term.3

In addition to the DSM-5 diagnostic term, gender dysphoria can also refer to 

anxiety and distress about gender features at large. Gender nonconformity refers to 
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behaviors and an appearance that are considered atypical of 

an individual’s assigned gender. Gender variance refers to a 

spectrum of gender experience, in contrast to the dichoto-

mized conception of gender. The term “transgender” is used 

as an umbrella term to refer to wider variation of gender iden-

tities. Not all who identify as transgender or display gender 

nonconformity or gender variance suffer from dysphoria.

In this article, we use the DSM-5 and ICD-10 terms 

“gender dysphoria (GD)”  and “transsexualism/transsexual”, 

respectively, when referring to diagnosed clinical samples, 

and also when referring to the literature published when ear-

lier versions of the DSM classification were in use. We use 

“transgender” to refer to self-identified population samples 

and “gender dysphoria” to refer to those who present clini-

cal symptoms.

How common are GD and 
transgender identity among adults 
and adolescents?
The number of people who seek treatment suggest that male-

to-female transsexualism has a prevalence of 6.8/100,000 

and female-to-male transsexualism has a prevalence of 

2.6/100,000 among adults.4,5 In the Netherlands, 0.6% of men 

and 0.2% of women (aged 15–70 years) reported incongru-

ent gender identity and a desire to undergo sex reassignment 

(SR).6 Population surveys have suggested that about 0.5% of 

adults in the general population identify as transgender.5,7

The number of adolescents contacting specialized gender 

identity services has risen considerably over the past decade 

across Europe and North America.8,9 No conclusions regard-

ing the prevalence of GD in general or of GD/transsexualism 

specifically can be drawn based on these increases. Studies 

using short (one to three item) self-reports of gender identity 

and its variance suggest that 0.17%–1.3% of adolescents and 

young adults identify as transgender.5,10 A school-based sur-

vey eliciting gender experiences with scales commonly used 

at gender identity services suggested that 1.3% of 16–19 year 

olds had potentially clinically significant gender dysphoria.11

Gender identity
Identity is the way one understands, describes and expresses 

oneself and the reflection of those entities to others. Identity 

consists of many integrated aspects such as gender, national-

ity, language, academic and occupational endeavors, and reli-

gious and political convictions. It is affected by interpersonal 

relationships, society and different events throughout the 

life course.12 Adolescence is an important period of identity 

formation and integration.12,13 Adolescents and young adults 

establish their identity by actively exploring identity-related 

choices and making identity commitments in their chosen 

directions.12,13

Gender identity concerns the individual’s core sense of 

being “female”, “male” or another gender. The development 

of gender identity is a complex process affected by multiple 

factors.14,15 In the research tradition of gender identity, the 

broad focus has been on the theme “sex differences”, and two 

major topics have received the most attention: the description 

and measurement of sex differences and the etiology of these 

differences.16 Several theories have been proposed. According 

to early psychodynamic theories, gender variant behavior was 

hypothesized to derive from parent–infant interpersonal issues 

or trauma (see Gray et al15). However, these theories have 

not undergone adequate scientific testing. Gender identity 

development has mostly been described from the viewpoint of 

cognitive and social learning theories, which argue that human 

beings are active constructors of cognitive schemas, includ-

ing gender, in continuous interaction with the environment.14 

Other theories on processes of gender typing have focused 

on proximal and distal biological influences, genetic and 

epigenetic or hormonal and neural mechanisms as well as 

brain anatomy differences in the etiology of gendered behavior 

and gender variance.17–19 There are structural and functional 

sex differences in the brain, some of them observable across 

the life span and others only during specific developmental 

phases. Sex differences in the brain are largely determined by 

steroid hormone exposure during a perinatal sensitive period 

that alters subsequent hormonal and non-hormonal responses 

throughout the lifespan, but they also depend on genes on 

sex chromosomes. Moreover, there is continuous interaction 

between genes and experiences, “epigenetics”, which changes 

the expression of genes without any change in the underlying 

DNA sequence. Research suggests that, for example, early 

social experiences may act as such epigenetic influence that 

they ultimately shape lasting sex differences in brain and 

behavior,20–22 but a lot more research is needed in this field 

to obtain solid knowledge relevant for understanding GD.

While the theories proposed in the past have generally 

been either essentialist or social cognitive/constructivist in 

nature, researchers today are expanding the focus to include 

the bio-psycho-social processes that probably occur across 

development.14,15,23

Childhood GD and puberty 
development
GD in childhood (GDC)1 describes a feeling of incongruence 

between the experienced (psychological) gender and the sex 
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assigned at birth. A corresponding diagnosis is included in 

the ICD-10.2 Healthy children vary considerably in their 

gendered behaviors.15 The diagnosis of GD in prepubescent 

children has been widely discussed throughout the history 

of gender identity research, mainly in terms of weighing the 

risk of stigmatization against diagnosis as a means of access 

to publicly funded or insurance-covered health care.3,24 The 

prevalence of GDC is not known.5

Adolescence is a crucial time for identity and psycho-

sexual development in young people with gender identity 

concerns.25 The outcomes of GDC have been discussed in 

terms of its persistence and desistence. For most children 

with GDC, whether GD will persist or desist will probably be 

determined between the ages of 10 and 13 years,26 although 

some may need more time.27 Evidence from the 10 available 

prospective follow-up studies from childhood to adolescence 

(reviewed in the study by Ristori and Steensma28) indicates 

that for ~80% of children who meet the criteria for GDC, 

the GD recedes with puberty. Instead, many of these adoles-

cents will identify as non-heterosexual.17,29 Steensma et al26 

interviewed adolescents with different outcomes of GDC 

(persistence or desistance). The adolescents mentioned social 

environment, the anticipated results of bodily changes and 

first romantic and/or sexual experiences as central factors in 

the desistance or persistence of GD.

Treatment of GD intensifying in 
puberty: the Dutch model
The most commonly used guidelines for the treatment of 

GD in children and adolescents are those of The Endocrine 

Society30 and the Standard of Care from the World Profes-

sional Association for Transgender Health,31 which are based 

on the so-called Dutch Model protocols published and prac-

ticed at the Amsterdam Gender Clinic in the Netherlands.32

The Dutch protocol recommends medical treatment if 

GD intensifies in puberty, while the care for children with 

GD and their families consists of providing information, 

psychological support, parental or/and family counseling. 

In adolescents, medical treatment is recommended at age 

12 years and older for those who are in or beyond the early 

stages (Tanner II–III) of puberty and are still experiencing 

persistent GD. Puberty suppression with gonadotropin-

releasing hormone analogs is part of the protocol for these 

patients. The purpose of puberty suppression is to relieve 

the psychological suffering caused by the development of 

secondary sex characteristics, to give the adolescent time 

to make a balanced decision regarding whether to undergo 

actual medical gender-confirming treatment (with cross-sex 

hormones and surgery) and to make social “passing” in the 

experienced gender easier. Cross-sex hormones are used for 

adolescents aged 16 years and older who continue to experi-

ence persistent GD. People aged 18 years and older with a 

diagnosis of GD may undergo SR surgery.32

Outcome of and ethical debates 
around medical interventions for 
GD in adolescence
The Dutch protocol is largely used, but it has its critics.33–35 

Controversy regarding the use of drugs for puberty touches on 

fundamental ethical concepts in pediatrics: the best interests 

of the minor, autonomy and the role of social context. Profes-

sionals recognize the distress of young people with GD and 

feel an urge to treat them. At the same time, most of these 

professionals have doubts because of the lack of data regard-

ing long-term physical and psychological outcomes.36,37

Reports of the outcomes of puberty suppression treat-

ment in adolescents have shown reasonable safety and good 

outcomes regarding patient satisfaction and psychosocial 

functioning, but research is still scarce. Nevertheless, puberty 

suppression is not indicated in a considerable proportion 

of gender dysphoric minors because of several reasons, for 

example, severe psychiatric comorbidity, considerable insta-

bility of psychosocial support or onset of GD later during 

puberty and diagnostic uncertainty;38–40 nevertheless, more 

follow-up data even from patients who are fulfilling the cri-

teria for “the Dutch model” are still needed.37

Psychiatric disorders among 
adolescents with GD
Descriptive studies of adolescents referred to specialized 

gender identity services at different centers in Europe and 

North America have mainly suggested that ~40%–45% 

of these young people present with clinically significant 

psychopathology.38,39,41–50 The lowest figures for psychiat-

ric comorbidity (one-third of the presenting population) 

were reported in the Netherlands,41 and the highest (up to 

three quarters) was reported in Finland and Canada.39,50 

Gender-referred adolescents actually appear to display 

clinically significant psychopathology to the same extent 

as adolescents referred to mental health services due to 

other reasons.48,50 The most commonly reported disorders 

are depression and anxiety disorders. Self-harm and sui-

cidal ideation/behavior are also common, whereas conduct 

disorder and antisocial development do not appear central 

in this population.
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Likewise, community-level information suggests that 

transgender-identifying youth present four to six times more 

often with depression and three to four times more often with 

self-harm and/or suicidal behavior compared with cisgender 

adolescents.10,51 Clinical and population data, though scarce, 

also suggest an overrepresentation of eating pathology among 

adolescents with GD or transgender identity.46,52

An increased prevalence of autism spectrum disorders 

(ASDs), varying from ~6% to over 20%, has been reported 

among samples of adolescents referred to gender identity 

services.39,42,46,53 This vastly exceeds the estimated prevalence 

of 0.6%–0.7%54 in the general population. In comparison, 

among children and early adolescents with ASDs, gender 

variance is >7-fold more common than among non-referred 

controls.53,55

Hypotheses to explain this are manifold. The theory 

of the extreme male brain suggests that individuals with 

ASD demonstrate an extreme of the typical male pattern 

of behaviors and cognitions originating from high levels of 

fetal testosterone. High fetal levels could likewise contrib-

ute to GD in natal girls, explaining their male identity and 

behavior. However, this theory cannot explain the association 

between ASD and GD in natal boys. Social factors-related 

hypotheses propose that the social perception and commu-

nication difficulties typical of autism could make a child 

more likely to miss social cues regarding how to conform 

to gender norms or to identify with the opposite sex when 

he/she faces difficulties joining the peer group of her/his 

own sex. Hypotheses focusing on individual psychological 

characteristics suggest, firstly, that gender could be among 

the preoccupations or obsessions often seen in ASDs. On the 

other hand, the development of atypical gender identity in 

autism could relate to the developmental rigidity typical of 

autism. Individuals with ASD might not reach normative flex-

ibility in gender development necessary to deal with gender 

variant feelings, which might lead to the overrepresentation 

of ASD in GD.53,56 The suggested causes, however, remain 

speculative. In a recent study, both boys and girls with GD 

displayed elevated levels of autistic symptomatology in all 

subdomains of autism, which did not exclusively support 

any of the suggested hypotheses.56 Nevertheless, ASDs pose 

particular challenges for the diagnosis and treatment of GD 

in adolescents.

GD and the developmental tasks of 
adolescence
“Developmental tasks” refer to the normative develop-

mental milestones that should be reached during a given 

developmental stage.57,58 They arise from interactions among 

physical development, personal attributes and societal expec-

tations. Favorable completion of the developmental tasks of 

a given stage is a prerequisite for success in the subsequent 

stages. The developmental tasks of adolescence were first 

formulated by Havighurst57 and comprise accepting one’s 

body, adopting a masculine or feminine social role, achiev-

ing emotional independence from parents, developing close 

relationships with peers of the same and opposite genders, 

preparing for an occupation, preparing for marriage and fam-

ily life, establishing a personal value or an ethical system and 

achieving socially responsible behavior. Although puberty 

now occurs earlier and the transition to adulthood occurs 

later than they did when these developmental tasks were 

initially proposed, they remain relevant.58 The relationship 

with one’s own body and the acquisition of a gendered social 

role – not necessarily binary – are by definition challenging 

for adolescents with GD. In the following sections, we discuss 

the available information on GD/transgender identity and the 

other developmental tasks of adolescence.

GD in adolescence and relationships 
with parents
Parents of adolescents with GD and/or transgender identity 

may face special challenges that are shaped by a variety 

of factors, such as ethnicity, religious background, social 

class and the prevailing attitudes in their community and 

society.59,60 These challenges likely shape the support that 

a nonconforming adolescent can receive. Adverse parental 

reactions toward an adolescent’s gender nonconformity have 

been noted as a special risk,61 but parents of sexual- and 

gender-minority offspring have also reported particular posi-

tive aspects of being a parent in this situation, such as personal 

growth, unconditional love, activism, social connection and 

closer relationships.62 However, few studies have empirically 

explored the parental reactions and support among youth with 

GD and/or transgender identity.

In a Canadian community study of transgender-identify-

ing youth,63 of those who had disclosed their gender identity 

to their parents, 34% considered their parents “very” support-

ive and 25% considered their parents “somewhat” supportive. 

Forty-two percent reported that their parents were “not very” 

or “not at all” supportive. However, the study was based on 

a nonrandom sample and solely adolescent self-reports, so 

findings need to be interpreted with caution and causalities 

cannot be concluded. Strong perceived parental support 

was, nevertheless, associated with many positive mental 

health outcomes. Lack of parental support was associated 
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with inadequate housing and homelessness in addition to 

negative psychological outcomes. Better parental support has 

also been associated with fewer risk-taking sexual behaviors 

among transgender youth.64

In a community study of trans female adolescents and 

young adults,65 more than half of the participants reported 

that their parents supported their gender identity, showed their 

support in many ways and believed the respondent could have 

a happy future as a trans adult. However, approximately two 

in five respondents had not experienced parental acceptance. 

Parental acceptance was associated with perceiving parents 

as the primary source of social support.

In a school-based survey51 transgender-identifying ado-

lescents felt less often (odds Ratio 0.3) than their cis-gender 

peers that at least one parent cared for them.

Studies of clinically referred gender dysphoric youth have 

rarely addressed parent-related issues. Simons et al66 reported 

that in a clinical sample of adolescents with GD, parental 

support was significantly associated with higher life satisfac-

tion, lower perceived burden of being transgender and fewer 

depressive symptoms. In a Finnish study comparing childhood 

gender identity in community and clinical samples, a smaller 

proportion of adolescents with GD than of non-referred ado-

lescents in the population agreed with the statement ”I always 

felt that my parents cared fore me.”11 It was also noticed that 

the clinically referred adolescents with GD less commonly 

lived with both their parents than the adolescents in the normal 

population (48% vs. 78%).67 In British and Spanish samples of 

gender-referred adolescents, parental divorce was observed in 

the background of approximately three in five participants, but 

the authors did not compare this finding with a corresponding 

rate in the general population.46,49

Gender nonconformance and peer 
relationships in adolescence
During adolescence, peer relationships are critical for psy-

chological well-being.68,69 Peer relationships also shape devel-

opment, including aspects of gender identity consolidation.70 

Loneliness and social isolation from peer relationships is 

associated with developmental difficulties and impaired 

mental health.71,72 An important peer network-related risk 

factor is bullying.73

Observations in referred samples of adolescents with GD 

suggest considerable peer relationship difficulties. In both the 

UK46 and in Finland,39 approximately half of adolescents who 

presented at a specialized gender identity service reported 

significant experiences of being bullied. In the Finland study, 

45% of the referred adolescents also had a history of marked 

periods of social isolation in childhood and/or adolescence. In 

the Netherlands and in Canada, self-, parent and teacher ratings 

indicated poorer peer relationships among adolescents referred 

for GD than in the same-aged population47,48 and poor peer rela-

tionships were an important correlate of mental health problems 

in this group. Similarly, in another Canadian comparison among 

gender-referred, mental health-referred and general population 

adolescents bullying was reported by the GD group more com-

monly than by population controls, and to the same extent as 

by those referred due to mental health issues. Gender-related 

bullying was most common among the GD group.74

On the population level, Clark et al51 found that trans-

gender-identifying adolescents had 4.5-fold increased odds 

of being bullied and were approximately twice as likely to 

report being afraid for their personal safety, having been in 

a serious physical fight and having been hit or otherwise 

harmed by others, compared with their cisgender-identifying 

peers. They also less commonly felt that their friends cared 

about them and that school was okay.

Gender-nonconforming behavior is characteristic of both 

sexual- and gender-minority youth and has been associated 

with an increased likelihood of experiencing bullying and 

harassment in peer groups.75,76 Adolescents with GD likely 

represent the extreme end of gender nonconformity, and this 

may strongly contribute to their experiences of being bullied. 

Bullying and stigmatization have also been suggested to (par-

tially) mediate the association between gender nonconformity 

and lower mental well-being across adolescence.74,77–79

However, not all the difficulties the gender dysphoric 

adolescents face in peer relationships can be explained by 

gender expression-related victimization or discrimination. In 

the Finnish clinical sample, of the gender identity-referred 

adolescents who had experienced severe bullying at school, 

three quarters had been bullied before they ever questioned 

their gender. Likewise, three-quarters of them reported that 

the bullying had not been related to gender expression or 

sexual identity, but to other factors such as not being slim, 

being successful at school or having unfashionable hobbies 

and interests.39 Bullying is a severe problem regardless of the 

reported reasons for it, but it is important to acknowledge that 

adolescents who develop GD also have unrelated difficulties 

that may need attention.

GD, transgender identity and 
sexuality in adolescence
Sexual orientation and gender identity are different entities, 

and transgender people present with a variety of sexual ori-

entations. Nevertheless, sexual orientation has long been used 
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to subtype GD/transsexualism.80 During adolescence, the dif-

ferent facets of sexual orientation – attraction, behavior and 

identity – may still be developing. It may be more important 

to determine whether adolescents with GD or transgender 

identity display developmentally appropriate and favorable 

involvement in romantic and erotic relationships.

In adolescence, sexual development accelerates. Young 

people’s experiences of a maturing and changing body, sexu-

ality and their developing gender identity affect intrapersonal, 

interpersonal and societal interactions.81 In Western countries, 

between one-tenth and one-third of adolescents first experi-

ence sexual intercourse by the age of 15, and the vast majority 

experience it by age 20.82,83 Various practices of kissing and 

petting typically precede first sexual intercourse by several 

years. Early sexual activity has been viewed as a problem 

behavior associated with risky sexual behaviors, psychoso-

cial difficulties and emotional and behavioral disorders.82,83 

In contrast, in the late stages of adolescent development, a 

lack of experiences might suggest developmental difficulties.

GD and/or transgender identification could be expected to 

be associated with delayed sexual development, given that it 

is the sexual body, in particular, that is the source of distress 

in GD and that differing from the mainstream may increase 

the adolescent’s risk of problems in social relationships, 

including dating, and sexual encounters. Sexual- and gender-

minority adolescents may also have a reduced availability 

of potential partners and increased challenges in finding 

potential partners than their heterosexual peers.84 However, 

developmental challenges have also been associated with 

premature and risky sexual behavior.82,85 Adolescents with 

GD and/or transgender identification could engage in risky 

sexual behaviors due to identity experiments or because asso-

ciated mental health problems could increase their search for 

comfort in intimacy or decrease their self-protection skills.

To the best of our knowledge, the only study focusing 

on the sexual experiences of treatment-seeking adolescents 

with GD is that of Bungener et al86 from the Netherlands. 

They compared the sexual experiences of 137 transsexual 

adolescents (mean [SD] age 14.69 [2.2] years) with those of 

a same-aged adolescent population. Transsexual adolescents 

had fewer sexual experiences than the same-aged population 

in all areas measured (falling in love, romantic relationships, 

kissing, petting, intercourse). However, a majority of the 

transsexual adolescents had fallen in love and approximately 

half had been involved in romantic relationships. One quarter 

had experienced petting while undressed, and 5% had experi-

enced sexual intercourse. Fewer transsexual adolescents than 

the adolescents in the same-aged population (24% vs. 48%) 

valued sex as important. In a descriptive study of clinically 

presenting adolescents with GD in the USA,45 nearly half of 

the respondents (mean [SD] age 19.2 [2.9] years) reported 

being sexually active.

Some population studies provide information regarding 

transgender identity in adolescence and aspects of sexual 

development. Korchmaros et al84 compared the romantic 

relationships of lesbian, gay, bisexual, transgender and 

questioning (LGBTQ) adolescents and those of adolescents 

with mainstream sexual and gender identities. Contrary to 

expectations, the LGBTQ adolescents were more experienced 

with romantic relationships and more active in initiating rela-

tionships both online and offline. Results were not reported 

separately for the transgender group. Robinson and Espel-

age87 reported that LGBTQ adolescents were more likely to 

display risky sexual behaviors than same-aged non-LGBTQ 

youth. However, in more detailed analyses, the risk was 

associated with homosexual/bisexual orientation and not 

with transgender identity. Veale et al88 set out to study preg-

nancy involvement among transgender youth and the health 

correlates of this involvement. In a large (n=923) sample of 

transgender-identifying youth, 540 responded to the preg-

nancy involvement item. Almost 5% of Canadian transgender 

adolescents had ever been pregnant or impregnated a partner; 

approximately the same proportion as their same-aged peers. 

Those with a history of pregnancy involvement were also 

more likely to have a history of sexually transmitted disease, 

but they did not differ from the rest of the transgender youth in 

terms of hormone use, living in the felt gender, self-reported 

mental health and level of social support.

Sexual harassment is a common problem among ado-

lescent populations.89 Transgender-identifying adolescents 

appear to be at the greatest risk of sexual harassment and to 

experience the greatest distress due to it.89 Sexual harassment 

is suggested to function to maintain heteronormativity, which 

transgender adolescents likely challenge. Their perception of 

sexual harassment as more distressing compared with other 

adolescents could be due to harsher harassment, increased 

vulnerability due to uncertainty about self, or fear.89

Similarly, in a large school-based survey study on teen 

dating violence,90 the few transgender-identifying youth 

in the sample reported the highest victimization rates for 

physical dating violence, psychological dating abuse, cyber 

dating abuse and sexual coercion. Differences from cisgender 

adolescents varied from 2- to 7-fold for the different forms 

of violence. However, the transgender-identifying youth also 

reported the highest rates of perpetrating dating violence. 

Minority stress theory91 posits that the chronic stressors that 
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minorities experience (e.g., gender-based discrimination) 

shape their coping mechanisms (such as substance use, 

aggression) and lead to adverse psychosocial and health 

outcomes. The particular vulnerability to perpetrating dating 

violence observed among transgender adolescents by Dank 

et al90 could be understood through minority stress theory, 

but more research is needed.

Transgender adolescents and young adults, particularly 

trans females, are at a disproportionately high risk of con-

tracting human immunodeficiency virus and other sexually 

transmitted diseases.79,92 The risk of unprotected sex in this 

population has been associated with sex work and drug 

use, which are further associated with rejection, stigma and 

discrimination.79,92 Of the studies of referred samples, only 

one addressed sex work.45 In that sample, 6% of the referred 

adolescents reported engaging in the trading of sex.

Sexual education is an important way to promote posi-

tive and responsible sexual behaviors in youth. The planned 

curricula and practical applications likely vary widely across 

countries and schools. Sexual- and gender-minority youth 

were found to desire minority-inclusive sexual education 

in a study by Gowen and Wingez-Yanez.93 The sexual- and 

gender-minority youth felt that the sexual education that was 

offered isolated them by silencing them, adopting a hetero-

centric perspective and pathologizing minorities. Reflecting 

on the available sexual education in light of these findings 

is appropriate for all educators.

Preparing for occupation: academic 
performance and socioeconomic 
status
To the best of our knowledge, research has not specifically 

focused on academic performance and the progression to 

work life among adolescents with GD, but given the burden 

of psychiatric comorbidities among gender-referred youth, 

special needs regarding education are likely to exist.

Aspects of social relationships are relevant to well-being 

in school, school performance and pathways to occupation. 

Transgender youth have been reported to experience bully-

ing and discrimination in schools, not only by peers but even 

by teachers; consequently, they perceive schools as unsafe 

places, which again increases the risk of non-attendance and 

poorer results.75,94 Gender- and sexuality-related victimization 

may impair academic performance through, for example, 

decreased motivation, concentration and self-efficacy and the 

resulting school avoidance and harmful coping strategies.94,95 

Nevertheless, being “out” at school improves self-esteem 

among gender- and sexual-minority youth and increases their 

well-being, which can have a positive impact on academic 

performance.94

School dropout is strongly linked to social exclusion. 

School dropout was associated with high masculinity in girls 

and low masculinity combined with high femininity in boys 

in a study of late-adolescent school dropouts and attenders in 

the Netherlands.96 The authors suggested that such deviation 

from gender norms increases the risk of unpopularity among 

peers, which again predisposes individuals toward school 

dropout. However, school dropout was also associated with 

very masculine attitudes and self-evaluations among boys. 

The role of gendered behaviors, attitudes and experiences 

in school adjustment and academic performance deserves 

further research.

In Clark et al’s51 school-based survey, adolescents report-

ing non-cisgender identity came disproportionately often 

from families with high socioeconomic deprivation and less 

often felt that their family got along. Any explanation for 

this remains unknown; however, young people are likely to 

stay in the same socioeconomic position as their parents.97 

Jacob and Cox98 also pinpointed transgender people’s greater 

risk of having a disadvantaged socioeconomic status (in the 

USA), associating this with increased unemployment, and 

employment in low-paid jobs, because of stigmatization.

Why the increase in referrals?
Zucker et al99 observed an increase in the number of ado-

lescents presenting at gender identity services in the early 

2000s. Since then, several gender identity services for minors 

from across Western countries have reported increases.8,9,42,49 

Simultaneously, the earlier overrepresentation of natal boys 

has equaled or turned to overrepresentation of natal girls.9 

Natal girls now comprise from half49 to ~90%39 of clinical 

adolescent samples. The reasons for these changes are not 

known. The increase in referrals could be attributable to 

enhanced provision of services, or the threshold for seek-

ing help may now be lower due to increased knowledge and 

improved societal acceptance. Aitken et al,9 however, did 

not find evidence supporting a lowered threshold to gender 

identity services. Sociocultural features related to what kind 

of identities are available for whom, and sex-related differ-

ences of pressure to conform may play a role. 

Comments
Research regarding the clinical treatment of adolescents with 

GD has mainly focused on childhood-onset GD that intensi-

fies during puberty, and the Dutch treatment protocol is also 

tailored for this group. There is little empirical knowledge 
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regarding young people who experience their first signs of 

GD in adolescence, well after the onset of puberty, especially 

regarding biological girls.50,100 Among a treatment-seeking 

sample in the UK, 18% experienced their first feelings of GD 

in adolescence46 compared with approximately two-thirds of 

the Finnish sample,39 and for the majority of adolescent-onset 

cases, GD presented in the context of severe mental disorders 

and general identity confusion. In such situations, appropriate 

treatment for psychiatric comorbidities may be warranted 

before conclusions regarding gender identity can be drawn. 

Gender-referred adolescents actually display psychopathol-

ogy to the same extent as mental health–referred youth.48,50 

In a nationwide long-term follow-up study of adult cases, 

psychiatric morbidity, suicide attempts and suicide mortality 

persisted as elevated after juridical and medical SR.101

Emerging discussions raise concern for post-pubertally 

abruptly emerging cross-gender identification (“rapid onset”), 

particularly among biological girls, suggesting a role for 

intensive media influences and generous group validation 

as shaping the understanding of, and giving new meanings 

to, the body discomfort common among female adolescents 

at large.100 The persistence of increasing adolescent-onset 

transgender identification is not known.5,100

More empirical research is needed regarding virtually all 

aspects of GD in adolescence to create treatment approaches 

that optimize these young people’s future psychosocial health 

and well-being. It seems unlikely that all the psychopathol-

ogy observed in the referred samples is secondary to gender 

identity issues and would resolve with hormonal and later 

surgical treatments. There is still no clear consensus regarding 

hormonal treatment for adolescents because long-term data 

are unavailable;36 actually, only one long-term follow up has 

been carried out, with a highly selected intervention group 

and an at baseline non-comparable comparison group.102

An affirmative approach103 is increasingly implemented 

in the health care of gender nonconforming children. This 

includes, based on a comprehensive psychological and psy-

chosocial assessment, work with the children and their fami-

lies and schools to support the gender-nonconforming minors 

to express themselves in a way that feels most comfortable 

for them. With the starting point that gender presentations are 

fluid and changing over time, gender variant children need to 

be allowed to freely explore a range of gender identities and 

expressions. A debate concerns whether or not a prepubertal 

child should be allowed to completely transition to live in 

other than birth gender. Concerns include that childhood 

transition may be forcing adolescents to proceed to biomedi-

cal interventions, as stepping back may be psychologically 

troublesome, even though identity development has taken a 

new direction.28,104

The etiology of gender incongruence remains unknown. 

Gender identity differentiation does not occur in a psycho-

social vacuum; instead, research in the field suggests that the 

developmental course is influenced by numerous psychoso-

cial factors, likely in continuous interaction with biological 

factors.23,105 Gray et al15 noted that the general narrative in 

the research literature concerning gender variation among 

children focuses on gender “atypical” behavior and deviation 

from “normative patterns”, thus viewing gender in a binary 

way instead of as a wider spectrum of (healthy) identities, 

personalities and behaviors among children. This is surely 

relevant for adolescents as well. These authors also requested 

a shift in research paradigms away from the study of outcomes 

of sexuality and gender identity and the child/adolescent in 

isolation toward outcomes of adjustment and the child/ado-

lescent in contexts that affect adjustment. Along with further 

discussions of the best treatment interventions, it is relevant to 

attempt to contribute to societal attitudes that enable children 

and adolescents with gender variance to express themselves 

and successfully complete the developmental tasks common 

to all, independent of gender.
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Disclaimer: Due to the rapidly evolving nature of this outbreak, 
and in the interests of rapid dissemination of reliable, actionable 
information, this paper went through expedited peer review. 
Additionally, information should be considered current only at the 
time of publication and may evolve as the science develops. On 
February 11, 2020, the World Health Organization renamed the 
virus COVID-19.

This is a critical time for medicine. As we observe 
the exponential rise in the number of individuals in the 
United States (US) who are infected with COVID-19, 
we try to prepare. Those in the front lines are trying to 
protect themselves and their patients with the daily ration 
of personal protective equipment and ventilation assistive 
equipment. Many individuals are racing against time to 
develop the needed novel treatments and vaccines. Public 
health officials work with what little information is known 
in order to make effective recommendations for prevention. 
However, at this pivotal time in history where every detail 
obtained by US health officials could be lifesaving, we are 
leaving out vital information.

Descriptive and observational data from Wuhan, China, 
note that the majority (51%-66.7%) of affected patients have 
been male. In addition, male sex was an independent risk 
factor associated with refractory disease and death (2.8% 
death rate for men vs 1.7% for female).1,2 Currently, men 
represent 58% of COVID-19 infected patients in Italy and 
70% of COVID-related deaths.3 As coronavirus cases and 
deaths in the US continue to soar, sex-specific, comprehensive 
data with regard to US patients is not yet available. 

Sex- and gender-based medicine (SGBM) incorporates 
how biological sex and the sociocultural aspects 
of gender affect health and illness. It acknowledges the 
interrelationship between sex and gender on health outcomes 
and promotes consideration of this variable in both research 
and clinical practice. SGBM has demonstrated significant 
evidence-based impact on cardiovascular disease, stroke, 

sports medicine, and pain management, just to name a few
Sex and gender differences have been observed in 

infectious diseases previously. On a broad and critical 
scale, Nasir et al demonstrated that males with all-cause 
infectious sepsis have a 70% greater mortality than their 
female counterparts. Likewise, respiratory infection-specific 
epidemiological data from recent SARS (2003) and MERS 
(2012) outbreaks demonstrated a significantly higher case 
fatality rate in males as compared to females, 21.9% vs 
13.2%.4,5

Sex-specific Factors
Is the biological male more susceptible to an increased 

severity of infection? Or does the biological woman have 
natural protection against these viruses? In a 2017 BMJ 
article, Dr. Kyle Sue demonstrated the effect of sex hormones, 
estrogen and testosterone, on immune system response 
and engagement, resulting in a less robust immunologic 
response in males and subsequent increased morbidity and 
mortality from viral respiratory illnesses.6 In addition, the X 
chromosome carries the largest number of immune-related 
genes in the human genome, perhaps also contributing to 
female’s superior immune response (as well as a female 
preponderance in autoimmune diseases).7

Angiotensin-converting enzyme 2 (ACE2) and its role 
in viral transmission and associated morbidity has also been 
a topic of recent COVID-19 associated discussion. ACE2 
receptors on pulmonary endothelium serve as a main entry 
point for coronavirus. Several previous animal models 
have demonstrated increased ACE2 activity in the male or 
ovariectomized model, suggesting a sex hormone influence.8 
The gene for the ACE2 receptor is also, interestingly, on the 
X chromosome.9 

Gender-specific Factors
Behavioral and cultural variables have also influenced 

current COVID-19 epidemiology. Smoking in particular has 
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What do we already know about this issue?
COVID-19 represents an unparalleled public 
health crisis. Like many other infectious diseases, 
sex and gender differences in health outcomes 
have already been globally observed. 

What was the research question?
We sought to summarize and explain known 
COVID-19-related sex and gender differences.

What was the major finding of the study?
Sex and gender differences are having significant 
impacts on current COVID-19 health outcomes.

How does this improve population health?
This perspective brings attention to the 
importance of sex and gender, specifically as they 
impact current clinical management and research 
during the COVID-19 pandemic.

been implicated as a significant contributor to disease severity, 
and gender-specific patterns are quite apparent here. The 
smoking rate in China is much higher in men than in women 
(288 million men vs 12.6 million women; 2018 data).10 
Likewise, in Italy, men are more likely to smoke than women 
at any age (1.12x to 1.7x, depending on age cohort; 2018 
data).11 Similar gender-specific trends are also present in the 
US, where 17.6% of smokers are men as compared to 13.6% 
of women.12 

In addition, as the traditional caregivers and coordinators 
of care for their loved ones, women, particularly working 
mothers, tend to spend more time than men focused on 
medical issues related to both their own healthcare and that 
of their families.13 In general, men are more likely to engage 
in health-related risks which, even prior to the COVID-19 
pandemic, has been shown to result in higher rates of injury 
and disease.14 Suen et al demonstrated in 2019 that being a 
middle-aged female was a protective factor with regard to 
hand hygiene knowledge and practice.15 

Implications for COVID-19 Management 
As clinical researchers and pharmaceutical companies 

race to find an effective treatment strategy or vaccine for 
COVID-19, no sex- or gender-specific recommendations have 
been released with regard to the care and management of 
individuals affected by the novel coronavirus. Appreciating 
the weight of known sex- and gender-specific epidemiologic 
observations thus far, however, will be an important highlight 
of the information gathered to date. This, combined with what 
is already known about sex- and gender-based pulmonary and 
infectious disease pathology, may lead to important treatment 
breakthroughs that consider the sex and/or gender of patient in 
the comprehensive management plan. 

In addition, the current pandemic weighs heavily on 
emotional wellness along with physical health. COVID-19 
has also released a contagion of fear, anxiety, and stigma that 
will have implications for downstream mental health effects 
including post-traumatic stress disorder (PTSD). In general, 
the prevalence of PTSD has been shown to be substantially 
higher in women.16 This has been re-substantiated in the 
setting of the COVID-19 outbreak in Wuhan, China, where 
women scored significantly higher on the PCL-5 (DSM-5 
self-report measure for PTSD) than men, including higher 
rates of re-experiencing and negative alterations in cognition 
or mood.17 Early recognition and effective treatment can 
ameliorate the burden of PTSD on both the individual and 
society, particularly for women who have been shown to have 
a modest advantage with regard to treatment response.18 

Future Considerations 
Since 2016, the NIH has required inclusion of sex as a 

biological variable (SABV) in the study design for funded 

research.19 Recognizing the weight these variables play in 
disease outcome should result in universal adoption of SABV 
as scientists develop and engage in COVID-19 research. 
While men appear to be disproportionately affected and at risk 
for COVID-19 infection and associated morbidity, researchers 
should avoid the slippery slope of the traditional male-
dominant test and analysis approach. 

When considering pharmaceutical therapy advances, 
several previous studies have established that women are 
much more likely to experience adverse drug reactions 
(ADR) than men.20 In fact, historically the majority of drugs 
recalled from the market were done so due to serious ADRs 
reported by women, quite often because they were never 
tested on women during clinical trials. Several sex-specific 
pharmacokinetic and pharmacodynamic differences have been 
well documented.21 

Yes, time is of the essence right now; however, 
COVID-19 does not get a “pass” in considering sex and 
gender when gathering data or testing treatments. Sex and 
gender have already proven to be crucial variables in the 
short history of COVID-19; they will continue to be factors 
of marked importance. Making healthcare providers and 
researchers aware of their impact in real time will be crucial 
to the integration of susceptibility profiles and improving 
outcomes during an active public health crisis.
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Abstract

The current novel coronavirus disease 2019 (COVID-19) pandemic is revealing profound

differences between men and women in disease outcomes worldwide. In the United States,

there has been inconsistent reporting and analyses of male–female differences in COVID-

19 cases, hospitalizations, and deaths. We seek to raise awareness about the male-biased

severe outcomes from COVID-19, highlighting the mechanistic differences including in the

expression and activity of angiotensin-converting enzyme 2 (ACE2) as well as in antiviral

immunity. We also highlight how sex differences in comorbidities, which can be associated

with both age and race, impact male-biased outcomes from COVID-19.

We are in the midst of a pandemic. Many of us predicted that the next “100 year pandemic”

would be caused by an influenza A virus, like the H1N1 virus that caused the 1918 influenza

pandemic. Instead, the current pandemic is caused by a novel β-coronavirus, the severe acute

respiratory syndrome coronavirus 2 (SARS-CoV2). Currently, there are almost 2 million cases

and over 100,000 deaths worldwide from the disease caused by this virus, called the novel coro-

navirus disease 2019 (COVID-19). Like the 1918 influenza pandemic [1], men are at greater

risk of more severe COVID-19 outcomes than women, with both sex (i.e., biological differ-

ences) and gender (i.e., sociocultural and behavioral differences) playing fundamental roles.

The initial reports from China, followed by data from several countries in Europe, have

highlighted that there are roughly similar numbers of confirmed SARS-CoV2 cases between

men and women. The severity of COVID-19, as measured by hospitalization, admission to

intensive care units, and rates of fatality, however, has consistently been 2-fold greater for men

than women [2], with the Global Health 50/50 research initiative providing real-time sex-dis-

aggregated data from most countries worldwide [3]. Unfortunately, despite the United States

currently having the most COVID-19 cases in the world, considerably less attention has been

paid to sex-disaggregation of data than in Europe and China.

We took this opportunity to evaluate the current situation in the US to both determine if

similar patterns of male–female differences are observed and to document which states are or
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are not disaggregating and analyzing data by sex. As of this writing, 26 states have more than

2,000 confirmed cases (https://www.worldometers.info) and from these states, only three

(Louisiana, New Jersey, and Pennsylvania) have not sex-disaggregated cases of COVID-19.

New York has the greatest number of COVID-19 cases in the US and is an epicenter of this

pandemic. Of the data from the remaining 23 states, 7 states replicate the epidemiological pat-

tern seen in New York City (NYC) (Fig 1) and elsewhere in the world [3], in which numbers

of COVID-19 cases are similar between men and women. The other 16 states, however, suggest

a female-bias exists in COVID-19 cases (i.e., 1 to 0.9/0.8 male to female ratio). This includes

Washington state, which is another epicenter of the COVID-19 pandemic in the US. Of 167

COVID-19 cases from a Washington state long-term care facility, a majority of cases were

women (68% of residents and 76% of healthcare workers) [4]. The total number of men and

women among facility residents and healthcare workers was not provided and with women

living longer than men and being more likely to work as healthcare providers [5], gender-asso-

ciated factors may be involved [5].

Of the 26 states analyzed, only two counties within two different states (i.e., NYC and Bucks

County, Pennsylvania) have reported rates of hospitalization broken down by sex, and both

report greater rates of hospitalization from COVID-19 among men than women (Fig 1).

Lastly, of the 26 states with more than 2,000 confirmed COVID-19 cases, only 13 (New York,

Michigan, California, Illinois, Texas, Washington, Connecticut, Indiana, Colorado, Ohio,

North Carolina, Wisconsin, and Alabama) have disaggregated fatalities from COVID-19 by

sex and consistently show that fatality rates are 2-fold greater for men than women (Fig 1).

Gender-associated factors have been reviewed elsewhere [2, 5]; thus, we seek to focus on bio-

logical mechanisms that could impact male–female differences in severe COVID-19 outcomes

to call attention to sex-associated factors that could potentially provide novel insights into

therapeutic interventions.

Angiotensin-converting enzyme 2 (ACE2) is a monocarboxpeptidase that counteracts the

vasoconstrictor effects of angiotensin (Ang)-(1–8) by converting this octapeptide hormone to

the vasodilator heptapeptide Ang-(1–7) [6]. In 2003, ACE2 was found to be the SARS-CoV

(i.e., the virus that caused the 2002 to 2003 SARS outbreak) receptor [7, 8], with SARS-CoV2

Fig 1. Sex-disaggregated numbers of COVID-19 cases, hospitalizations, and deaths per 100,000 people in NYC. Data were accessed from https://www1.nyc.

gov/site/doh/covid/covid-19-data.page on April 11, 2020. COVID-19, novel coronavirus disease 2019; NYC, New York City.

https://doi.org/10.1371/journal.ppat.1008570.g001
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binding ACE2 with even higher affinity [9]. ACE2 is expressed primarily in the kidney, heart,

and testes, with the highest expression occurring in the kidney; it is, however, also expressed in

the lungs at much lower levels [10]. The SARS-CoV2 virus S1 spike protein binds to the ACE2

receptor in alveolar epithelial cells of the lungs. ACE2 protein is expressed in a sex-specific

manner in the mouse kidney; male mice have nearly 2-fold higher levels of renal ACE2 protein

than female mice [11]. Furthermore, using the four core genotype mouse model in which

gonadal sex (ovaries versus testes) is separated from the sex chromosome complement (XX

versus XY) [12], we found renal ACE2 activity was greater in the male kidney regardless of the

sex chromosome complement [11]. This sex difference in renal ACE2 activity was driven by

estradiol reducing ACE2 activity regardless of the sex chromosome complement. These find-

ings have implications for the observed sex differences in COVID-19 outcomes. It will be

important to study the sex-specific regulation of ACE2 in the lung and other tissues involved

in COVID-19 pathogenesis including the heart and brain [6] and also to investigate whether

estrogens protects women from COVID-19 by reducing the expression levels of the receptor

for the SARS-CoV2 virus.

The innate recognition and response to viruses as well as downstream adaptive immune

responses during viral infections also differ between females and males [13]. We and others

have illustrated that females generally mount greater inflammatory, antiviral, and humoral

immune responses than males during viral infections [14], which contributes to better clear-

ance of viruses, including SARS-CoV [15]. Enhanced immunity in females can, however, also

result in greater immunopathology and tissue damage at later stages of viral disease, such as

during influenza A virus infection [16]. To date, we have only identified two COVID-19 stud-

ies that have disaggregated and analyzed immunological outcome data by sex. In a published

study of 168 patients with severe COVID-19 in Wuhan, China, it was reported that men were

significantly more likely to remain hospitalized and die and less likely to be discharged from

the hospital during the study period than women [17]. The male–female difference was most

pronounced among individuals 60 years of age and older. In this study, the neutrophil to lym-

phocyte ratio and serum C-reactive protein concentrations were twice as high in male as in

female COVID-19 patients, as well as in patients who died compared with patients who were

discharged from the hospital (not disaggregated by sex) [17]. These data suggest that inflam-

matory immune responses and cell counts might be more elevated in men and associated with

worse outcomes from COVID-19 than in women.

Mounting evidence suggests that humoral immune responses can be measured not only to

confirm exposure to SARS-CoV2 but also to assess adaptive immune responses necessary for

clearance of SARS-CoV2. As a result, convalescent plasma transfer studies are underway for

compassionate care of severe COVID-19 patients [18], without, however, consideration of the

sex of the donor. In a not yet peer-reviewed study of 331 patients with confirmed SARS-CoV2

infections in Wuhan, China, anti–SARS-CoV2 immunoglobulin G (IgG) responses were mea-

sured and compared among patients with either clinically diagnosed mild or severe disease.

The sex distribution of recovering cases was 36% and 65% for men and women, respectively

[19]. Among patients with mild COVID-19, anti–SARS-CoV2 IgG titers were similar between

the sexes. In contrast, among patients with severe disease, women exhibited greater antibody

responses than men, with production of antibodies at earlier phases of disease suggesting one

possible immunological mechanism mediating better recovery from COVID-19 in women

than men [19].

Development of mouse models for SARS-CoV2 will be instrumental for mechanistically

assessing the causes of sex differences in the pathogenesis of COVID-19. In a mouse model of

SARS-CoV infection, female mice had lower virus titers and less severe pulmonary damage

from monocyte–macrophage infiltration and cytokine production, resulting in lower mortality
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in female (20%) compared with male (80%) mice [15]; a sex distribution similar to that

observed in human SARS [20]. Notably, the endogenous production of estradiol in female

mice was important for this protection.

Comorbidities that are associated with more severe outcomes from COVID-19 in the US,

include diabetes, obesity, hypertension, heart disease, chronic kidney disease, and chronic pul-

monary disease. Notably, diabetes, obesity, and hypertension are the top three conditions asso-

ciated with fatal COVID-19 cases in China and Italy [4, 21–23]. As of April 14, 2020, in New

York, hypertension accounted for 56.8% and diabetes 42.4% of fatal cases [24]. In Louisiana,

where New Orleans is the epicenter by death rate per capita, hypertension accounted for

59.8%, diabetes 38.1% and obesity 22.3% of fatal cases [25]. To date, no study has reported

whether these comorbidities are influenced by sex or gender in COVID-19 patients. Biological

(sex) as well as behavioral (gender) factors contribute to differences between men and women

in these comorbidities [26]; the sex and gender-associated factors that underlie these comor-

bidities, however, have not been evaluated in context of COVID-19. There also has been no

consideration about how sex intersects with age and race to further increase risk of severe

COVID-19 outcomes in men, despite observations illustrating that older aged individuals [27]

and African Americans [28] are also at risk for severe COVID-19 outcomes. For these reasons,

we call on clinicians and epidemiologists to report data pertaining to comorbidities associated

with COVID-19 disaggregated by sex, age, and race. We also emphasize the importance of

considering the biological variable of sex when conducting basic science studies of COVID-19.
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More than 30 million titles of “academic” articles, from the years 1945–2001, were surveyed for
occurrences of the wordssexandgender. At the beginning of this period, uses ofgenderwere much
rarer than uses ofsex, and often used in the sense of a grammatical category. By the end of this
period, uses ofgenderoutnumbered uses ofsexin the social sciences, arts, and humanities. Within
the natural sciences, there was now more than 1 use ofgenderfor every 2 uses ofsex. The beginnings
of this change in usage can be traced to Money’s introduction of the concept of “gender role” in 1955
(J. Money, 1955). However, the major expansion in the use of gender followed its adoption by feminists
to distinguish the social and cultural aspects of differences between men and women (gender) from
biological differences (sex). Since then, the use of gender has tended to expand to encompass the
biological, and a sex/gender distinction is now only fitfully observed.

KEY WORDS: sex; gender; gender role; feminism.

INTRODUCTION

In The Mill on the Floss, the novelist George Eliot
(Mary Ann Evans) (1860) wrote “Public opinion, in these
cases, is always of the feminine gender—not the world,
but the world’s wife. . .” As this literary example shows,
the use of gender as a synonym for sex has a long pedigree
and is not a recent aberration as is sometimes claimed. The
Oxford English Dictionaryquotes uses of gender for sex
from the fifteenth century, although in the first edition of
the Dictionary in 1899 this usage was described as jocular.
From the 1950s, however, a trickle of nonjocular uses of
gender began to appear in the academic literature and, by
the 1980s, this trickle had become a flood.

The most important factor was the adoption of gen-
der in the 1970s by feminist scholars as a way of distin-
guishing “socially constructed” aspects of male–female
differences (gender) from “biologically determined” as-
pects (sex). This distinction is now only fitfully respected,
and gender is often used as a simple synonym of sex.
The rise of gender has been accompanied by complaints

1Department of Organismic and Evolutionary Biology, Harvard
University, Cambridge, Massachusetts 02138; e-mail: dhaig@oeb.
harvard.edu.

that the word should refer only to grammatical categories
(Fletcher, 1991; Goodhart, 1992; Smyth, 1968) or to so-
cially but not biologically determined differences
(Fishman, Wick, & Koenig, 1999; Kim & Nafziger, 2000;
Lewine, 1994; Pearson, 1996; Walker & Cook, 1998;
Wilson, 2000).

In an attempt to document these changes in usage, I
surveyed the titles of over 30 million academic articles,
from the years 1945–2001, for occurrences of the words
sexandgender. This work extends a similar analysis by
Haig (2000) for the period 1988–1999. The quantitative
analysis is followed by a discussion of the shifts in mean-
ing of gender over this period.

METHOD

The ISI Web of Science is formed from the amalga-
mation of three databases: the Science Citation Index—
Expanded (SCI) contains titles from 1945 until the present;
the Social Sciences Citation Index (SSCI) contains titles
from 1956 until the present; and the Arts & Humanities
Citation Index (AHCI) contains titles from 1975 until the
present. The contents of the three databases have consid-
erable overlap. Thus, an article may be indexed in more
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than one database. The combined database contains over
30 million titles for the years 1945–2001.

The titles of all English-language articles in the Web
of Science for the years 1945–2001 were searched for oc-
currences of “sex” and “gender.” Such searches retrieved
titles that contain hyphenated constructs such as “sex-
specific” or “gender-significant” but did not retrieve titles
in which sex and gender appear as derived forms, such as
“sexual” or “gendered.” In total, the searches found 59,262
sex-containing titles and 29,941 gender-containing titles
(with some titles belonging to both categories).

The titles of articles in non-English languages of-
ten appear in the Web of Science as English translations.
These articles were excluded from searches for “sex” and
“gender,” but I was unable to exclude them from counts
of the number of titles being searched. Therefore, when-
ever I calculated proportions of titles containing “sex”
or “gender,” the numerator contained English language
articles only, but the denominator contained articles in
all languages. Most articles in the database are in
English, but I do not have a measure of how the propor-
tion of non-English articles has changed over time. This
is a potentially confounding factor in the interpretation of
Figs. 2–4. However, overall trends were little affected by
including or excluding non-English language articles from
searches.

Both sex and gender have uses for which the other
would rarely, if ever, be substituted. Since the late 1970s,
gender in its grammatical sense has contributed a small mi-
nority of all gender-containing titles. Of somewhat greater
significance are biological uses of sex for which gender is
not used (e.g., sex, in the sense of genetic recombination;
sex chromosomes; sex hormones). But probably the most
important uses of “sex” for which “gender” is not a syn-
onym relate to copulation and other sexual activities (e.g.,
sex, in the sense of sexual intercourse; anal sex; safe sex;
sex worker; sex slave). Such uses contribute a relatively
small proportion of sex-containing titles in SCI, but a much
greater proportion in SSCI and AHCI. (Analysis of a small
sample suggests that about half of all sex-containing titles
in SSCI and AHCI for the year 2001 belong in this cate-
gory. I suspect that the advent of AIDS has increased the
frequency of titles in this category, especially in SSCI, but
I did not undertake a formal analysis.)

My analysis focused on usage in titles, but fashions
in titles may not entirely reflect the content of articles. Ar-
ticles may use gender in the text without it appearing in
the title, or vice versa. In some cases, titles appeared to re-
flect editorial rather than authorial choices. For example,
articles by Rothman and Liess (1976) and Harlap (1979)
contained the first nongrammatical uses of gender in titles
from theNew England Journal of Medicine(with the en-

suing correspondence, Harlap [1979] contributed six of 33
gender-containing titles in SCI for 1979). In both articles,
however, gender appeared in the title but not in the text,
where sex was used. Occasionally, tensions came to the
surface. Ounsted and Taylor (1972) wrote in their edited
volume, “As between the words ‘sex’ and ‘gender’ even,
while preferring the scope of the latter term, we have ac-
cepted our authors’ preference for the former where they
wish it” (p. vi). Despite this ecumenical principle, “gen-
der” was used in the title of two chapters that used “sex”
throughout the text, and the title of a third chapter con-
tained “gender” in the Table of Contents but “sex” at the
head of the chapter.

The journals indexed in the databases varied from
year to year. Therefore, changes in the number of titles
containing a particular word will depend only partly on
changes in usage, but will also be influenced by what was
and was not included in the database for a particular year.
For example, several psychology journals that were cov-
ered by both SCI and SSCI in 1977 were no longer covered
by SCI in 1978 (e.g.,Child Development, Journal of Per-
sonality and Social Psychology). As a result, 28 SCI titles
contained gender in 1977 but only nine contained gender
in 1978. The latter figure would have been increased to 25
if titles, now included only in SSCI, had still been included
in SCI. Thus, a corporate decision at the Institute for Sci-
entific Information accounted for most of the seemingly
anomalous increase in the sex-to-gender ratio of SCI titles
in 1978 (Fig. 1), although this factor does not explain the
rebound to 33 SCI titles containing gender in 1979.

As another example of changes in coverage, the num-
ber of articles included in SSCI increased by 13% between
1994 and 1995. This increase appears to be due to the in-
clusion of additional journals not previously covered by
SSCI. It is possible that the substantial increase in the pro-
portion of titles containing gender that occurred in 1995
(Fig. 3), and the subsequent plateau in this measure, re-
flected a change in the composition of SSCI rather than
any change of usage in the academic community; how-
ever, a 25% increase in the number of articles covered
by SSCI between 1975 and 1976 does not appear to have
affected the relative occurrence of sex and gender. An
ideal analysis would separate effects of changes in usage
from changes in coverage, but I doubt that such an analy-
sis would change the gross trends detected by the present
much simpler, and more easily replicable, analysis.

The databases did not contain book titles, except in
book reviews, nor the texts of articles and books. More-
over, it is probable that use of gender in the titles of articles
in indexed journals, at first, lagged behind conversational
use. My quantitative analysis is restricted to indexed titles.
The narrative that follows the quantitative analysis makes
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use of other published sources that came to light in my
readings.

RESULTS

Prior to the late 1960s, nongrammatical uses of gen-
der were exceedingly rare. For the years 1945–1959, 1,685
(.14%) SCI titles out of 1,162,909 contained sex but only
five (.0004%) contained gender. Of these, three used gen-
der in a grammatical sense and two were sexological arti-
cles, both by Money (Money, 1955; Money, Hampson, &
Hampson, 1957).

For the years 1960–1966, 2,094 (.17%) out of
1,253,631 titles in SCI contained sex and eight (.0006%)
contained gender, of which three were grammatical uses
and five were sexological (including three articles by
Money and coauthors). For these same years, 819 (.24%)
out of 353,069 titles in SSCI contained sex and 12 (.004%)
contained gender (including four articles by Money and
coauthors). Four gender-containing titles appeared in both
SCI and SSCI.

Figure 1 presents changes in the ratio of sex-contai-
ning and gender-containing titles for the years 1966–2001

Fig. 1. The ratio of titles containing sex to titles containing gender for all articles in the Science Citation Index (SCI), Social
Sciences Citation Index (SSCI), and Arts & Humanities Citation Index (AHCI).

(from 1975 for AHCI). The ratio is expressed on a logarith-
mic scale because this is unbiased with respect to whether
sex or gender appears in the denominator (i.e., 1:2 and 2:1
ratios are represented as equidistant from 1:1). There was
substantial noise in the signal for the early years of this
series because of the small number of gender-containing
titles.

Some general observations can be made. The sex-to-
gender ratio has always been lower in SSCI than in SCI,
but this became more pronounced after 1973 when the
SSCI initiated a sustained decline in the sex-to-gender ra-
tio, which then leveled off in the 1990s (by which time
gender-containing titles outnumbered sex-containing ti-
tles). A similar decline in the sex-to-gender ratio for SCI
titles did not start until about 1980 and is still continu-
ing. The ratio for AHCI followed closely that of SSCI,
but with a slightly stronger preference for gender over
sex. The first year for which gender-containing titles ex-
ceeded sex-containing titles was 1987 for AHCI and 1990
for SSCI. Sex-containing titles have always outnumbered
gender-containing titles in SCI.

In 1993, the United States Food and Drug Admin-
istration (FDA) issued a Guideline requiring studies of
“gender differences” in all new drug applications (Kessler,
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Fig. 2. Proportion of titles in the Science Citation Index containing the wordsexand proportion containing the word
gender.

1993). The decline in the sex-to-gender ratio in SCI began
years before this Guideline and was not markedly affected
by it, although there was a small acceleration in the decline
in 1993. If the ratio of titles in SCI containing “sex differ-
ences” to titles containing “gender differences” is consid-
ered, this subsidiary ratio had been declining more rapidly
than the overall sex-to-gender ratio since about 1985 (data
not shown). Titles containing “gender differences” first
outnumbered titles containing “sex differences” in 1994
(i.e., in the year following the Guideline) and have done
so in every year since (except 1995).

Figures 2–4 present changes in the proportion of arti-
cles containing sex and gender (expressed as occurrences
per thousand titles) for each of the three databases for
the same years as covered in Fig. 1. Note that the vertical
scales have been adjusted to reflect the fact that the propor-
tion of titles containing sex and/or gender was far higher in
SSCI than SCI, with AHCI intermediate. For SCI (Fig. 2),
there was a small increase in the proportion of titles con-
taining sex and/or gender over this period, from 1.8 per
1,000 in 1966 to 2.7 per 1,000 in 2001. From about 1980,
gender began a steady increase in frequency, partly at the

expense of sex. The FDA Guideline on the evaluation of
gender differences was possibly responsible for the extra
large jump in the frequency of gender in 1993.

For SSCI (Fig. 3), there was a dramatic increase in
the proportion of titles containing sex and/or gender from
3.4 per 1,000 in 1966 to 16.3 per 1,000 in 2001. Up until
1980, both gender and sex increased in tandem. During
the 1980s, gender began a rapid rise in frequency at the
expense of sex. From 1990, the frequency of sex has been
roughly constant (as has the frequency of gender from
1995). Thus, there is a hint that the relative interest in
sex-related subjects has reached a plateau in the social
sciences.

The AHCI database contains data from 1975 until
present. Figure 4 shows a dramatic increase over this
period in the proportion of titles containing sex and/or
gender, from .6 per 1,000 in 1975 to 7.1 per 1,000 in 2001,
with a slight lag relative to the corresponding increase in
SSCI (on the other hand, the fall in the sex-to-gender ratio
in AHCI was slightly ahead of the decline in SSCI). The
rapid rise in the frequency of gender began in about 1982,
with a slower rise of sex from the late 1980s. Unlike SCI
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Fig. 3. Proportion of titles in the Social Sciences Citation Index containing the wordsexand proportion containing the
wordgender.

and SSCI, the rapid rise of gender was not associated with
a decline in the frequency of sex.

DISCUSSION

Sexological Origins

The first title in SCI to use gender in a nongrammat-
ical sense wasHermaphroditism, gender and precocity
in hyperadrenocorticism: Psychologic findings(Money,
1955). This article introduced the concept of a gender
role: “The termgender roleis used to signify all those
things that a person says or does to disclose himself or
herself as having the status of boy or man, girl or woman,
respectively. It includes, but is not restricted to, sexuality
in the sense of eroticism.” This was one of a series of pa-
pers by Money and his collaborators that appeared in the
Bulletin of the Johns Hopkins Hospitalduring that year.
Other papers in the series employed the concept of gen-
der role (Money, Hampson, & Hampson, 1955a, 1955b),
without gender appearing in their titles.

The juxtaposition ofrole andstatusin the above def-
inition suggests that Money was influenced by Parson’s
concept ofsex roles. Money received his PhD in 1952 from
the Department of Social Relations at Harvard University
and listed Parsons among his teachers (Money, 1986, p.
5). For Parsons (1949), a status was “any patterned defini-
tion of who and what a person is” whereas a role was “the
dynamic aspect of status, the behavior counterpart of the
ideal or expected position defined by a status” (p. 43). Uses
of sex rolefrom the 1940s can be found in Parsons (1940,
1942), Cottrell (1942), and Mead (1949, p. 73). One of
the many ironies to emerge from my analysis is that dis-
cussion ofsex rolesis now a staple of sociobiology (e.g.,
Vincent, 1994) without awareness of the term’s origin in
sociology.

Money (1996) later wrote that he imported the term
gender into sexological science “to make it possible to
write about people who came into one’s office as either
male or female, but of whom it could not be said that
their sex role in the specific genital sense was either male
or female insofar as they had a history of birth defect of
the sex organs.” He then continued grandiloquently, “The

Case 3:21-cv-00490   Document 39-9   Filed 03/02/22   Page 5 of 10 PageID #: 917



P1: JQX

Archives of Sexual Behavior pp1108-aseb-480174 January 24, 2004 11:20 Style file version July 26, 1999

92 Haig

Fig. 4. Proportion of titles in the Arts & Humanities Citation Index containing the wordsexand proportion containing the
wordgender.

majority of people who contributed to this new meaning of
gender were hermaphrodites or intersexes. To them social
science and social history overall owe a debt of gratitude.
It is impossible to write about the political history of the
second half of the twentieth century without reference to
the concept of gender. This is particularly true with respect
to the women’s movement in politics” (p. xii). For similar
reminiscences, and claims of priority, see Money (1973,
1985, 1995, p. 17ff.).

Excluding grammatical uses, most, if not all, of the
gender-containing titles in SCI and SSCI from the 1960s
appear to have derived the term from Money. These papers
were mostly published in psychological journals and, at
first, were concerned with individuals who did not con-
form to sexual stereotypes (hermaphrodites, transsexuals,
transvestites, homosexuals, feminine boys, and masculine
girls). However, in the late 1960s and early 1970s, gen-
der began to appear in the titles of articles that addressed
the behaviors and choices of individuals who conformed
to gender stereotypes, with an emphasis on the extent to
which the stereotypes were mutable or immutable, bio-
logical or social.

At this stage, it is worth discussing the causal con-
notations that had built up aroundgender. Money (1955)
concluded that “Gender role and outlook as boy or man,
girl or woman, was found to be in agreement with sex of
rearing, except in three cases, and not to be automati-
cally or instinctively determined by chromosomes, go-
nads or hormones.” Similarly, Money et al. (1957) ob-
served that “the sex of assignment and rearing is consis-
tently and conspicuously a more reliable prognosticator of
a hermaphrodite’s gender role and orientation than is the
chromosomal sex, the gonadal sex, the hormonal sex, the
accessory internal reproductive morphology, or the am-
biguous morphology of the external genitalia.” They em-
phasized that “our findings indicate that neither a purely
hereditary nor a purely environmental doctrine of the ori-
gins of gender role and orientation—of psychologic sex—
is adequate.”

Money and his co-workers offered two revealing
analogies for the acquisition of a gender role: the first
was the child’s acquisition of a natural language (Money,
1955; Money et al., 1957); the second was the imprint-
ing of a duckling on Konrad Lorenz when he imitated the
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quacking of a mother duck (Money et al., 1957). In both
these examples, the individual was seen as biologically
primed to acquire a language or mother figure, but
which language was acquired, or what individual was
identified as mother, was determined by the environment.
Consistent with these analogies, Money et al. (1957)
believed that gender role was acquired very early in a
child’s development and once acquired was resistant to
change: “Though the sex of rearing could transcend ex-
ternal genital morphology in psychologic importance, ab-
sence or correction of ambiguous genital appearance was
psychologically beneficial. Reassignment of the sex of
rearing after the early months of life was, without doubt,
psychologically injurious.” Although Money explicitly
adopted an interactionist position as regards nature ver-
sus nurture, his work was implicitly read as lying at the
nurture-end of the spectrum. Because a person’s sex could
differ from their gender role, gender became associ-
ated with a blurring of the male/female dichotomy, and the
claim that upbringing trumped anatomy provided a power-
ful argument against the essential nature of sex
differences.

An early person to employ the terminology of gender
was the psychoanalyst Stoller (1964a, 1964b). For Stoller
(1965), sex was biological but gender was social. The lat-
ter connoted “behavior learned from a tremendous pool
of cues present in every culture and from a massive, intri-
cate, though usually subtle, system of rewards and punish-
ments in which every person lives from birth on” (p. 197).
Although he did not deny some role for biology, Stoller
(1968) wrote that “those aspects of sexuality that are called
gender are primarily culturally determined” (p. xiii) and
that “genderis a term that has psychological or cultural
rather than biological connotations” (p. 9). Other psycho-
analysts adopted a similar distinction between biological
sex and social gender (e.g., Gershman, 1967; Ovesey &
Person, 1973).

Stoller (1964b) and Greenson (1964) together intro-
duced the termgender identityat the 23rd International
Psycho-Analytical Congress in Stockholm (July–August
1963). The latter defined this to be “one’s sense of being a
member of a particular sex; it is expressed clinically in the
awareness of being a man or male in distinction to being
a woman or female.” For Stoller (1968), “gender identity
starts with the knowledge and awareness, whether con-
scious or unconscious, that one belongs to one sex and
not the other. . . gender roleis the overt behavior one dis-
plays in society, the role which he plays, especially with
other people” (pp. 9–10). For Money and Ehrhardt (1972),
“gender role is the public expression of gender identity,
and gender identity is the private expression of gender
role” (p. 4).

Feminist Adoption

The origins of the use of gender among feminist
scholars has been variously dated to the late 1960s
(Nicholson, 1994) or the mid-1970s (Unger & Crawford,
1993). My own analysis suggests that its widespread adop-
tion in feminist circles was delayed until the late 1970s or
early 1980s. The first gender-containing title in the Web of
Science that had an explicitly feminist context wasSome
evolutionary aspects of human gender(Tobach, 1971),
in an issue of theAmerican Journal of Orthopsychiatry
devoted toThe Women’s Movement: Social and Psycho-
logical Perspectives. In this article, Tobach differentiated
“biological sex” from “societally assigned gender” and
warned against using “concepts from evolutionary biol-
ogy to justify either retaining old traditions or changing
them.” Her article cited neither Money nor Stoller.

Other early feminist uses of gender occurred in books
(not indexed in the Web of Science). Holter (1970) used
sex and gender as interchangeable synonyms, seemingly
for variety, whereas Millett (1970, p. 29) makes only pass-
ing reference to a sex/gender distinction, which she illus-
trates with a quote from Stoller (1968). Likewise, Bernard
(1971, p. 16) derived her definitions of sex and gender
directly from Stoller (1968). Oakley (1972) defined sex
as biological and gender as psychological and cultural
(pp. 16, 158). After a discussion of the work of Money
and Stoller, she posed the rhetorical question “Does biol-
ogy play any role at all in determining the development of
gender identity in normal individuals?” and answered:

The consensus of opinion seems to be that its role is
a minimal one, in that the biological predisposition to
a male or female gender identity (if such a condition
exists) may be decisively and ineradicably overridden by
cultural learning. Those who have worked in the field of
hermaphroditic disorders and problems of gender identity
seem very impressed by the power of culture to ignore
biology altogether, (p. 170).

Differences between successive editions ofMascu-
line/Feminine or Human?(Chafetz, 1974, 1978) are par-
ticularly illuminating. In the first edition, Chafetz (1974)
contrastedinnategender withlearnedsex roles. This edi-
tion contained no citations to Money. However, by the sec-
ond edition (Chafetz, 1978), the terms had been swapped—
innate sex was contrasted with learned gender roles—and
references were added to Money and Ehrhardt (1972). Al-
lowing for the time lags associated with publication, this
suggests an absence of feminist consensus on the meaning
of gender in the early 1970s with an emerging consensus
by the late 1970s (see Gould & Kern-Daniels, 1977). This
timing is supported by Unger (1979) who was able to
write in theAmerican Psychologist, “The term gender is
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introducedfor those characteristics and traits sociocultur-
ally considered appropriate to males and females” (my
emphasis).

The only use of gender that I can find inWomen,
Culture, and Society(Rosaldo & Lamphere, 1974) is in
the psychoanalytic chapter by Chodorow. Significantly,
Ortner did not use gender in her influential chapter—Is
Female to Male as Nature is to Culture?(an ammended
version of Ortner, 1972)—but 7 years later she was an ed-
itor of Sexual Meanings: The Cultural Construction of
Gender and Sexuality(Ortner & Whitehead, 1981). In
Gender and Sex in Society, Duberman (1975) defined sex
as “an ascribed social status referring to the biological
differences between people” whereas gender role referred
to “the socially learned patterns of behavior that differ-
entiate men from women in a given society” (p. 26). In
Toward an Anthropology of Women, Rubin (1975) dis-
cussed the sex/gender system, which she defined as “the
set of arrangements by which a society transforms bi-
ological sexuality into products of human activity, and
in which these transformed sexual needs are satisfied”
(p. 159).

Trends in feminist use of gender were assessed by
scanning the contents of early issues ofFeminist Stud-
ies (first issue in 1972) andSigns: Journal of Women in
Culture and Society(first issue in 1975). The first gender-
containing titles inFeminist Studiesdid not appear until
Volume 5 (Davidoff, 1979) and Volume 6 (Vance, 1980).
These authors derived their uses of gender from Oakley
(1972) and Rubin (1975), respectively. Yudkin (1978) had
earlier used gender in a philosophical discussion of trans-
sexualism, but without the term appearing in the title. She
constructed a trichotomy between biologicalsex, psycho-
logical gender, and socialsex role. Her use of gender de-
rived from Money and Stoller. The first issue ofSignsde-
fined the journal’s scope as including both sex and gender
(Stimpson, Burstyn, Stanton, & Whisler, 1975), but use of
gender was sparse in early issues (and predominantly by
male authors). The first gender-containing title inSigns
did not appear until the sixth volume (Baker, 1980), in a
review of the biological literature on sex differences that
contained numerous references to Money and coworkers.
Gender-containing titles first exceeded sex-containing ti-
tles in Volume 11 ofSigns(1986–1987).

Gender did not achieve uncontested acceptance by
all feminists. InTranssexual Empire, Raymond (1979)
treatedgenderas a technical or therapeutic term asso-
ciated with the work of Money and Stoller. She found the
term to have “certain problems for a feminist critic” as it
gives “the impression that there is a fixed set of psychoso-
cial conditions that determines gender identity and role.”
Nevertheless, there were times that she found the word un-

avoidable despite her “dissatisfaction,” and in these places
she “used it with reservation” (pp. 8–10).

From these small beginnings, use of gender became
widely adopted by feminists during the 1980s. It is this
adoption that I believe is principally responsible for the ex-
plosive growth in gender-containing titles that is observed
in SSCI and AHCI during that decade (see Figs. 3 and
4). Feminists were able to embrace the concept of gender
as their own contribution to discourse as the term’s ear-
lier association with sexological science shifted into the
background.

Feminist usage converged on a contrast between so-
cially constructed gender and biologically determined sex.
However, it proved difficult to maintain such a distinction.
One problem with the simple dichotomization of biologi-
cal sex and social gender was that no term remained to refer
to situations in which causation was unknown, disputed,
or involved an interaction between biology and culture.
Thus, the choice of term for this middle ground became a
simple matter of preference, blurring the conceptual dis-
tinction between terms. Moreover, among feminists, the
domain of gender had a tendency to expand to subsume
the category of sex, because the way that people talk about
“male” and “female” bodies was also seen as socially
constructed (discussed by Nicholson, 1994). Kessler and
McKenna (1978) provided an uncompromising example
of this position. They saw the element of social construc-
tion as primary in all aspects of maleness and femaleness:
even to invoke two categories was a social construct. To
emphasize their contention, they wrote of gender chromo-
somes and gender hormones. In a retrospective, McKenna
and Kessler (2000) returned to this theme: “Retaining
a separation between sex and gender, even if it is pro-
posed that both are socially constructed, raises the ques-
tion of why biology is so important that it merits a special
category.”

Given the expansion in the domain of gender, and a
certain indeterminacy in its meaning, it is hardly surprising
that some authors who were unfamiliar with the subtleties
of feminist debate interpreted gender as a simple synonym
for sex and adopted it as such in their own writings. This
is unambiguously demonstrated when gender is used in
relation to the physiology of nonhuman animals, without
any implication of a determining role of culture in the
causation of observed differences. Such titles first appear
in the 1970s (e.g., Hahn, Norton, & Fishman, 1977) and
are now common in SCI.

The appearance of gender in a title from the natural
sciences now communicates little if anything about cau-
sation or the ideology of the author. Among the reasons
that working scientists have given me for choosing gen-
der rather than sex in biological contexts are desires to
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signal sympathy with feminist goals, to use a more aca-
demic term, or to avoid the connotation of copulation.

Conclusion

This article addressed the history of terminology.
During the first half of the twentieth century, gender
appears to have been used predominantly in its grammat-
ical sense, but its existing (albeit rare) use as a synonym
of sex was readily available for anyone who wished to
emphasize a dichotomy between different sources of sex-
associated differences or to establish a separate domain
for territory that had previously been considered part of
the realm of sex. The expansion of the use of gender in the
second half of the century appears to have derived from
Money’s concept of a gender role, introduced in the 1950s
to refer to the self-identification of individuals whose gen-
ital sex was ambiguous. Significantly, in Money’s usage,
an individual’s gender role could differ from various bi-
ological definitions of an individual’s sex. From this be-
ginning, there was a slow but gradual increase in the use
of gender through the 1960s by writers, especially in the
social sciences and among psychoanalysts, who wished to
emphasize the environmental, social, or psychologic de-
terminants of psychologic/behavioral differences between
men and women. Some of these writers would have con-
sidered themselves feminists or at least sympathetic to the
goals of the women’s movement. Debates about nature
versus nurture, the biological versus the social, and the
autonomy of the social from the natural sciences, were of
course much older than their association with a termino-
logical sex vs. gender distinction.

Prior to the early 1980s, the rise in the use of gender in
academic titles was not associated with an appreciable de-
cline in the use of sex. The major increase in the use of gen-
der, and the associated decline of sex, occured in the 1980s
after the adoption ofgenderas a technical term in feminist
discourse. The available evidence strongly suggests that
this usage was derived by descent with modification from
Money. As the sex-to-gender ratio has declined, gender
has come to be adopted as a simple synonym, perhaps a
euphemism, for sex by many writers who are unfamiliar
with the term’s recent history.
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 AHR Forum

 A History of "Gender"

 JOANNE MEYEROWITZ

 SCHOLARLY ARTICLES TEND TO HAVE LIMITED SHELF LIVES, but twenty years on, Joan
 Scott's "Gender: A Useful Category of Historical Analysis" has no discernible date
 of expiration. A cursory Google search leads to dozens of syllabi that feature it as
 required reading, and the figures from JSTOR attest to its durable popularity. Of
 all the American Historical Review articles on JSTOR, Scott's has had by far the most
 traffic. Since JSTOR first began posting scholarly articles online in 1997, users have
 accessed "Gender" more than 38,000 times and printed more than 25,000 copies. For
 the past five years, it has consistently ranked in the top spot as the most frequently
 viewed and most frequently printed of JSTOR's AHR articles.1

 What elevates one article above the rest? What creates the reputation that makes
 an article required reading for more than twenty years? In part, it may be a matter
 of architecture. Scott built "Gender" with an artful use of argument. In one brief
 essay, she managed to summarize the advent of gender history, provide critiques of
 earlier theories of women's subordination, introduce historians to deconstructionist
 methods, and lay out an agenda for future historical studies. But as we all know,
 academic reputation rests on more than compellingly structured argument, even
 when the argument is displayed well in a top-tier scholarly journal.2 For historians,
 the surest way to explain a text is to place it in historical context. Thus, a short history
 of "Gender" the article might help us assess its rise to prominence and its influence
 within the field of U.S. history. And an even shorter history of "gender" the concept
 might suggest the article's longer-lasting contribution to American social thought.

 As SCOTr NOTED, BY 1986, feminists had already adopted the term "gender" to refer
 to the social construction of sex differences, and theorists had already posed "gen-

 For helpful comments on earlier drafts, many thanks to Margot Canaday, Regina Kunzel, Christina
 Simmons, and the editors of and anonymous reviewers for the AHR.

 1 Joan W. Scott, "Gender: A Useful Category of Historical Analysis," American Historical Review
 91, no. 5 (December 1986): 1053-1075. Thanks to Robert B. Townsend, Assistant Director for Research
 and Publications of the American Historical Association, for supplying these figures, which were com-
 piled on December 27, 2007. The exact figures are 38,093 viewings and 25,180 printings. The closest
 competitors (based on total viewings plus total printings) were Robert Finlay, "The Refashioning of
 Martin Guerre," American Historical Review 93, no. 3 (June 1988): 553-571, with 21,558 viewings and
 11,183 printings, and Melvyn P. Leffler, "The Cold War: What Do 'We Now Know'?"American Historical
 Review 104, no. 2 (April 1999): 501-571, with 22,075 viewings and 9,495 printings.

 2 For an attempt to theorize the sources of scholarly reputations, see, for example, Michble Lamont,
 "How to Become a Dominant French Philosopher: The Case of Jacques Derrida," American Journal of
 Sociology 93, no. 3 (1987): 584-622.
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 der" as an analytic category, akin to class and race. A few historians had begun to
 use the term "gender history" in addition to "women's history," and a handful had
 looked at men and masculinity as part of a gender history that did not focus solely
 on women. Scott intervened in this historiographic process at a critical moment. For
 some historians of women, the shift toward gender history was mostly unwelcome.
 To replace "women's history" with "gender history" and to include men and mas-
 culinity seemed to some at the time like a conservative retrenchment, a quest for
 respectability, or an abandonment of the study of marginalized and oppressed
 groups. Scott recognized the pitfalls and offered reassurance. She directly repudi-
 ated the use of "gender" as a de-politicized, social-scientized synonym for women
 or sex, and she promised to reinvigorate feminist history by expanding its realm of
 influence. In this way, she helped historians of women to approve (and other his-
 torians to discern) an emerging shift in historiography.

 Scott outlined a problem faced by women's historians and proffered a solution.
 Two decades after the launching of the field, women's history was, she implied, stuck
 in a descriptive rut, relegated to the limited byways of social history inquiry. It had
 failed in its earlier claims to rewrite the master narrative of history, and it had not
 yet adequately explained the "persistent inequalities between women and men." Ex-
 isting theories, Scott said, were ahistorical and reductionist. She offered a different
 approach for rethinking and rewriting history. Influenced by Derrida's deconstruc-
 tionism and Foucault's formulation of dispersed power, she asked historians to an-
 alyze the language of gender, to observe how perceived sex differences had appeared
 historically as a natural and fundamental opposition. These perceived differences,
 she wrote, had often subordinated and constrained women, yes, but they had also
 provided a "primary way of signifying" other hierarchical relationships. This was the
 heart of her contribution: she invited us to look at how "the so-called natural re-

 lationship between male and female" structured, naturalized, and legitimated re-
 lationships of power, say, between ruler and ruled or between empire and colony.
 The history of gender could, it seems, inhabit more of the historical turf than could
 the history of women. It could even enter and remap the most resistant domains, such
 as the history of war, politics, and foreign relations.3

 Although she promised to expand the realm of feminist influence, Scott could not
 deflect the critics from within her own fractious camp. Her embrace of poststruc-
 turalism and her consequent emphasis on the language of sex difference provoked
 a number of pointed rejoinders from prominent women's historians. Judith Bennett,
 for example, worried that "the Scottian study of gender ignore[d] women qua
 women," avoided reckoning with "material reality," and "intellectualize[d] and ab-
 stract[ed] the inequality of the sexes." Likewise, Linda Gordon suspected that a
 "focus on gender as difference in itself" as "a kind of paradigm for all other divides"
 had replaced "gender as a system of domination" and thereby substituted a pluralist
 vision of "multiple differences" for the study of "power differentials." Joan Hoff
 went further, even overboard. She accused poststructuralist gender historians, and
 Scott in particular, of nihilism, presentism, ahistoricism, obfuscation, elitism, obei-
 sance to patriarchy, ethnocentrism, irrelevance, and possibly racism. Poststructur-

 3 Scott, "Gender," 1066, 1067, 1073.
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 alism, she found, "erased woman as a category of analysis," undermined the "tra-
 ditional stage of historical fact-finding" for those groups of women whose history had
 not yet been written, and damaged political activism for women's rights. She titled
 her essay "Gender as a Postmodern Category of Paralysis."4

 The critical commentary also came from historians who did not write women's
 history, especially those who questioned the linguistic turn. Critiques of Scott's work
 came from both the left and the right. Bryan Palmer, for example, decried her re-
 pudiation of historical materialism, and Gertrude Himmelfarb complained about the
 undermining of fact, reality, and objectivity." In the United States, as others have
 suggested, "feminist historians" were "in the vanguard" of poststructuralist historical
 practice, especially in its manifestations outside of intellectual history, and Scott
 stood out at the front. In this sense, "Gender" came to represent something larger
 than itself. Scott served as the whipping girl not only for gender history but also for
 the challenges of poststructuralism, the revisionism of the latest new history, and the
 vogue-the "intellectual haute couture"-of imported French theory.6 She may not
 have enjoyed the public flagellation, but it no doubt played a part in attracting read-
 ers to her essay.

 DESPITE THE MISGIVINGS OF SOME HISTORIANS, gender soon took on a life of its own.
 Within the field of U.S. history, much of the new work on gender had little direct
 connection with Scott's essay. Case studies of the intersections of race, class, and
 gender, for example, and accounts of how various groups of women and men par-
 ticipated differently in politics, labor, and consumption did not necessarily draw on
 Scott's Derridean, Foucauldian model. Some new histories of gender in public cited
 Jiurgen Habermas and Nancy Fraser more often than they cited Derrida and Scott.'
 But Scott's article did have unquestionable influence, even among those authors who
 did not adopt the deconstructionist method wholesale. In the 1990s, it inspired a
 cohort of scholars who wrote gender history in a range of forms and fields. Within
 this cohort, a number of authors followed Scott's proposal to foreground the dis-

 4 Judith M. Bennett, "Feminism and History," Gender and History 1, no. 3 (1989): 258; Linda Gor-
 don, review of Joan Wallach Scott, Gender and the Politics of History, Signs 15, no. 4 (1990): 858; Joan
 Hoff, "Gender as a Postmodern Category of Paralysis," Women's History Review 3, no. 2 (1994): 149,
 162. For additional critical commentaries, see, for example, Sonya O. Rose et al., "Gender History/
 Women's History: Is Feminist Scholarship Losing Its Critical Edge?" Journal of Women's History 5, no.
 1 (1990): 89-128. Some of these authors addressed Scott's essays more generally, not just the article
 "Gender."

 5 Bryan D. Palmer, Descent into Discourse: The Reification of Language and the Writing of Social
 History (Philadelphia, 1990), esp. chap. 5; Gertrude Himmelfarb, "Some Reflections on the New His-
 tory," American Historical Review 94, no. 3 (June 1989): 661-670.

 6 Joyce Appleby, Lynn Hunt, and Margaret Jacob, Telling the Truth about History (New York, 1994),
 226; Sandra M. Gilbert and Susan Gubar, "Sexual Linguistics: Gender, Language, Sexuality," New Lit-
 erary History 16, no. 3 (1985): 521. On the "linguistic turn" in history, see, for example, John E. Toews,
 "Intellectual History after the Linguistic Turn: The Autonomy of Meaning and the Irreducibility of
 Experience," American Historical Review 92, no. 4 (October 1987): 879-907; Kathleen Canning, "Fem-
 inist History after the Linguistic Turn: Historicizing Discourse and Experience," Signs 19, no. 2 (1994):
 368-404.

 7 See, for example, Mary Ryan, Women in Public: Between Banners and Ballots, 1825-1880 (Bal-
 timore, 1990), and Glenda Elizabeth Gilmore, Gender and Jim Crow: Women and the Politics of White
 Supremacy in North Carolina, 1896-1920 (Chapel Hill, N.C., 1996).
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 A History of "Gender" 1349

 cursive use of perceived sex differences and track how they constituted relationships
 of power. In U.S. history, the case studies of "women's worlds" and "female cultures"
 that had proliferated in the 1980s dwindled as accounts rose of the ways in which
 the language of gender had shored up hierarchies of race, class, region, politics,
 nation, and empire.

 A quick (and, forgive me, incomplete) survey of just a few subfields of U.S. history
 establishes the point. In southern history, Jacquelyn Dowd Hall endorsed the gender
 project early on. "The South," she wrote in 1989, "provides a prime example of how
 gender signifies relations of power in hierarchical regimes." Other historians took
 up the task. Stephanie McCurry found that proslavery ministers and politicians re-
 peatedly drew analogies between "the subordination of women" and "that of slaves,"
 and thereby "endow[ed] slavery with the legitimacy of the family and especially mar-
 riage." They used the language of gender "to naturalize other social relations-class
 and race, for example." Laura Edwards reported similar analogies-between women
 and other "dependent" groups-in the Reconstruction-era writings of elite white
 southern men, who used the language of gender to legitimate their bid to monopolize
 political power. Historians also noted how the southern states themselves were coded
 as feminine within the United States. Nina Silber, for example, pointed to a post-
 bellum northern language of gender that portrayed the South as a "submissive" wife
 and helped to enable the "romance" of sectional reunion.8

 In other areas, historians also attended to the ways that political theorists, gov-
 ernment officials, and other writers used the language of sex difference to construct
 and sustain political and social hierarchies. In early American history, Mary Beth
 Norton described how seventeenth-century British male colonists established gov-
 ernments based on a gendered, hierarchical model of the family, and Kathleen
 Brown suggested that gender discourse shaped the emerging political order in Vir-
 ginia from the first conflicts with the Indians through the course of Bacon's Re-
 bellion. Jennifer Morgan illustrated how early European narratives of the New
 World "relied on gender," especially on accounts of monstrous Indian and African
 women, "to convey an emergent notion of racialized difference," and Toby Ditz
 delineated how eighteenth-century Philadelphia merchants stabilized their own frag-
 ile masculine status by feminizing and thereby stigmatizing their failed and dishonest
 colleagues as "weeping victims and harpies."9 At the other end of the chronological
 span, historians of twentieth-century U.S. politics examined how male politicians

 8 Jacquelyn Dowd Hall, "Partial Truths," Signs 14, no. 4 (1989): 910; Stephanie McCurry, Masters
 of Small Worlds: Yeoman Households, Gender Relations, and the Political Culture of theAntebellum South
 Carolina Low Country (New York, 1995), 214, 224; Laura Edwards, Gendered Strife and Confusion: The
 Political Culture of Reconstruction (Urbana, Ill., 1997), esp. chap. 6; Nina Silber, The Romance of Re-
 union: Northerners and the South, 1865-1900 (Chapel Hill, N.C., 1993), 10.

 9 Mary Beth Norton, Founding Mothers and Fathers: Gendered Power and the Forming of American
 Society (New York, 1996); Kathleen M. Brown, Good Wives, Nasty Wenches, and Anxious Patriarchs:
 Gender, Race, and Power in Colonial Virginia (Chapel Hill, N.C., 1996); Jennifer L. Morgan, "'Some
 Could Suckle over Their Shoulder': Male Travelers, Female Bodies, and the Gendering of Racial Ide-
 ology, 1500-1770," William and Mary Quarterly 54, no. 1 (1997): 168; Toby L. Ditz, "Shipwrecked; or,
 Masculinity Imperiled: Mercantile Representations of Failure and the Gendered Self in Eighteenth-
 Century Philadelphia," Journal of American History 81, no. 1 (1994): 54. On gender more generally in
 early American history, see Toby L. Ditz, "The New Men's History and the Peculiar Absence of Gen-
 dered Power: Some Remedies from Early American Gender History," Gender and History 16, no. 1
 (2004): 1-35.
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 1350 Joanne Meyerowitz

 used the language of gender to create a hierarchy in which they stood above their
 male opponents. In the early twentieth century, they cast male reformers as feminine
 and therefore lacking, and in the late twentieth century, they attacked male liberals
 in somewhat similar form. Gail Bederman and Arnaldo Testi showed how Theodore

 Roosevelt shook off the gendered smear by combining his reform agenda with an
 imperialist, racist hypermasculinity, and Robert Dean and K. A. Cuordileone elu-
 cidated how John F. Kennedy attempted to repel the aspersion with an aggressive
 expression of liberalism.10

 Perhaps most surprising, gender history also made significant forays into the his-
 tory of foreign policy, the field of U.S. history that had seemed most immune to the
 women's history enterprise. Scott had specifically called for such an intervention; in
 1990, Emily Rosenberg responded and made the case for the potential benefits of
 gender analysis. Gendered imagery, she said, pervaded accounts of international
 affairs, legitimating foreign relations of domination and dependence. Andrew Rotter
 pursued the lead and showed how mid-twentieth-century U.S. policymakers had
 imagined India as feminine and India's male leaders as passive, emotional, and lack-
 ing in virility. In this case, the "feminization" undermined the opportunity for al-
 liance between the U.S. and India. In other cases, though, the "masculinization" of
 nations and their leaders damaged international relations, while "feminization"
 eased them. Frank Costigliola, for example, investigated the writings of Cold War
 architect George Kennan, who shifted from feminizing a beloved Russia in the 1930s
 to portraying Soviet leaders as "monstrously masculine" and rapacious in the post-
 World War II years. Petra Goedde traced the inverse shift with regard to Germany.
 During World War II, American soldiers vilified the Nazi leaders, whom they un-
 derstood as brutally masculine, but after the war they "developed a feminized image"
 of Germans as a population in need of protection, and thus, Goedde claimed, "paved
 the way toward reconciliation."1

 Historians also began to suggest that discourses of gender had promoted and
 sustained American military interventions. In Fighting for American Manhood, Kris-
 tin Hoganson explored "how gender politics provoked the Spanish-American and
 Philippine-American wars," as the subtitle of her book stated plainly. As they ad-
 vocated war, jingoes and imperialists expressed heightened concern with masculinity
 and looked to the military to build and prove American manhood. They posed the

 o10 Gail Bederman, Manliness and Civilization: A Cultural History of Gender and Race in the United
 States, 1880-1917 (Chicago, 1995), chap. 5; Arnaldo Testi, "The Gender of Reform Politics: Theodore
 Roosevelt and the Culture of Masculinity," Journal of American History 81, no. 4 (1995): 1509-1533;
 Robert D. Dean, Imperial Brotherhood: Gender and the Making of Cold War Foreign Policy (Amherst,
 Mass., 2001); K. A. Cuordileone, Manhood and American Political Culture in the Cold War (New York,
 2005).

 11 Emily S. Rosenberg, "Gender," Journal ofAmerican History 77, no. 1 (1990): 116-124; Andrew J.
 Rotter, "Gender Relations, Foreign Relations: The United States and South Asia, 1947-1964," Journal
 ofAmerican History 81, no. 2 (1994): 518-542; Frank Costigliola, "'Unceasing Pressure for Penetration':
 Gender, Pathology, and Emotion in George Kennan's Formation of the Cold War," Journal ofAmerican
 History 83, no. 2 (1997): 1333; Petra Goedde, "From Villains to Victims: Fraternization and the Fem-
 inization of Germany, 1945-1947," Diplomatic History 23, no. 1 (1999): 2, 20. See also the essays on
 gender in the Winter 1994 issue of Diplomatic History, especially Geoffrey S. Smith, "Commentary:
 Security, Gender, and the Historical Process," Diplomatic History 18, no. 1 (1994): 79-90; Petra Goedde,
 GIs and Germans: Culture, Gender, and Foreign Relations, 1945-1949 (New Haven, Conn., 2003). For
 a useful review essay, see Kristin Hoganson, "What's Gender Got to Do with It? Women and Foreign
 Relations History," OAH Magazine of History 19, no. 2 (2005): 14-18.
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 A History of "Gender" 1351

 Spanish soon-to-be enemies as both distastefully feminine and repulsively mascu-
 line-"effeminate aristocrats" and "savage rapists"-and sometimes also feminized
 the Cubans and Filipinos as well as their own domestic opponents. Mary Renda
 outlined a somewhat different masculine discourse of "interventionist paternalism"
 that underwrote the American occupation of Haiti. The gendered language of fa-
 therhood helped U.S. policymakers and marines to justify imperialist violence as a
 manly attempt to protect, educate, and discipline the allegedly childlike Haitians.
 And Robert Dean wrote of the threats to the "imperial masculinity" of the mid-
 twentieth-century U.S. foreign policy elite. Politicians and policymakers used the
 language of gender to defend their own manhood and diminish that of their rivals,
 and thereby engaged, Dean suggested, in a "politics of manhood" that "crucially
 shaped the tragedy of the Vietnam War." Hoganson, Renda, and Dean (and the
 other authors mentioned above) did not confine their analyses to the deconstruction
 of binary oppositions, but they provided evidence of how the language of gender
 constructed and legitimated American imperialism and its violent manifestations.12

 Taken together, these various works point, as Scott predicted, to the multiplicity
 of meanings that gendered language conveyed. In different historical contexts, mas-
 culinity represented strength, protection, independence, camaraderie, discipline, ri-
 valry, militarism, aggression, savagery, and brutality, and femininity represented
 weakness, fragility, helplessness, emotionality, passivity, domestication, nurturance,
 attractiveness, partnership, excess, and temptation. The so-called natural differences
 between the sexes had no fixed and unchangeable meaning, and in their variety they
 provided potential meaning for a range of other relationships. As other historians
 have protested, though, the ultimate impact of the language of gender remained hard
 to discern.13 When (and how), as Scott asked, did the language of gender crucially
 structure experience and actually influence behavior and decision-making, and when

 did it simply add a convenient rhetorical flourish or embellish with a hollow clich6?
 When (and how), as Scott asked, did the language of gender constitute other re-
 lations of power, and when was it just a minor paragraph or a supplemental example
 within the narratives of social and political order? Even without all the answers, the
 growing number of studies of gender discourse pushed historians to recognize its
 pervasiveness, the diverse domains in which perceived sex differences appeared as
 model, analogy, and metaphor for hierarchical relationships, and the wide-ranging
 and changing meanings of masculinity and femininity in the modern era.

 The studies also enhanced the reputation of Scott's essay and injected its message
 into traditional subfields of historical study. Almost all of the works cited above (and
 many other books and articles as well) mentioned "Gender," in the footnotes if not
 in the text. Some of them quoted it directly. It became a validating authority behind
 the monographic works that moved gender to the center of specialized subfields in
 which it had earlier stood at the margins.14 By the end of the 1990s, through a process

 12 Kristin L. Hoganson, Fighting for American Manhood: How Gender Politics Provoked the Spanish-
 American and Philippine-American Wars (New Haven, Conn., 1998), 11; Mary A. Renda, Taking Haiti:
 Military Occupation and the Culture of U.S. Imperialism, 1915-1940 (Chapel Hill, N.C., 2001); Dean,
 Imperial Brotherhood, 243.

 13 See, for example, Melvyn P. Leffler, "New Approaches, Old Interpretations, and Prospective Re-
 configurations," Diplomatic History 19, no. 2 (1995): 195.

 14 Scott's article also had a significant impact on U.S. labor history. See especially Ava Baron, ed.,
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 1352 Joanne Meyerowitz

 of repetition, "Gender" had reshaped the commonplace wisdom of the discipline.
 As a measure of its success, Scott's essay increasingly served as a voice from the
 recent past stating eloquently what everybody, it seems, already knew.

 Meanwhile, Scott herself moved in new directions. In 1999, she questioned the
 ongoing vitality of the term "gender." In the 1980s, she wrote, gender had "seemed
 a useful category of analysis precisely because it had an unfamiliar, destabilizing
 effect." Now, however, it had "lost its ability to startle and provoke." In everyday
 usage, gender had become "a synonym for women, for the differences between the
 sexes, for sex." The word "gender" had crept into women's history without neces-
 sarily transforming the field. It appeared often in "predictable studies of women, or
 ... of differences in the status, experience, and possibilities open to women and
 men." Many accounts failed to "examine how the meanings of 'women' and 'men' "
 were "discursively established" or to address the "variations of subjectively expe-
 rienced 'womanhood.' " They thereby imposed a false solidity on the unstable and
 variable categories of "women" and "men." Scott now avoided the word "gender"
 and wrote instead about "differences between the sexes and about sex as a histor-

 ically variable concept." She turned more concertedly to psychoanalysis, to the fan-
 tasies that enable identities, including the "phantasmatic projections that mobilize
 individual desires into collective identifications." In her 2005 book, ParitY! Sexual
 Equality and the Crisis of French Universalism, and her 2007 book, The Politics of the
 Veil, she entered into current debates in French politics. She focused less on the
 language of sex difference and more on the language of universalism in contem-
 porary France. In these books, she did not renounce the study of "gender," but she
 positioned French gender relations within a discursive analysis of "the abstract in-
 dividualism" that animates French republican traditions.15

 As one would expect, other historians also ventured into new territory. In U.S.
 women's-and now gender-history, they brought in race, sexuality, and nationality
 as equally useful categories of historical analysis, and they borrowed from postco-
 lonial, critical race, queer, and political theory. Other forms of perceived difference
 seem to have constituted gender as much as gender constituted them. In particular,
 the call to address race had at least as much impact on U.S. women's history as the
 call to attend to gender. Historians of women and gender also turned to the policy
 history of welfare and wages, the legal history of marriage, and the social history of
 those who questioned and transgressed gender norms. Historians of women shifted
 away from the local community studies that had characterized social history and
 focused more on individual or collective biography, questions of law and citizenship,
 and transnational circulations of women and ideas about womanhood. They rewrote
 the history of women's movements with a closer eye to differences among women
 and conflicts among competing schools of feminists. At the same time, historians of
 manhood produced a series of studies of shifting conceptions, multiple variants, and

 Work Engendered: Toward a New History ofAmerican Labor (Ithaca, N.Y., 1991). The article also had
 influence outside U.S. history, of course, but I will leave that to the other participants in this forum.

 15 Joan Wallach Scott, Gender and the Politics ofHistory, rev. ed. (New York, 1999), xi-xii, 204; Scott,
 Paritd! Sexual Equality and the Crisis of French Universalism (Chicago, 2005); Scott, The Politics of the
 Veil (Princeton, N.J., 2007), 154. See also Scott, "Fantasy Echo: History and the Construction of Iden-
 tity," Critical Inquiry 27, no. 2 (2001): 284-304.
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 A History of "Gender" 1353

 repeated crises of masculinity. Gender history, then, continued (and continues) to
 thrive in several incarnations, and despite the fears of early (and later) critics, it
 coexists and overlaps with, instead of supplanting or displacing, the history of wom-
 en.16 Amid the profusion, Scott's article has taken on the emblematic role of a foun-
 dational text.

 SCOTT'S ESSAY HAD ITS MOST OBVIOUS INFLUENCE in the fields of women's and gender
 history, but it also played a significant part in the broader shift from social to cultural
 history, from the study of the demography, experiences, and social movements of
 oppressed and stigmatized groups to the study of representations, language, per-
 ception, and discourse. In U.S. history, the rise of gender history was similar to and
 roughly simultaneous with changes in other identity-based fields of history, including
 African American, Latino/a, Asian American, immigrant, gay and lesbian, and work-
 ing-class history. Gender history and the historical construction of masculinity had
 their counterparts in the history of race and the construction of whiteness, the history
 of ethnicity and the construction of national identity, the history of sexuality and the
 construction of heterosexuality, and the history of class and the construction of mid-
 dle-classness. To a certain extent, the same left-leaning political energies that had
 informed much of the new social history informed the new cultural history as well.
 The irony is that social history, the alleged source of centrifugal fragmentation, had
 spun out into a cultural history that seems to have gravitated back-in the histories
 of masculinity, whiteness, national identity, heterosexuality, and middle-class-
 ness-to return, with a new and critical torque, to the pre-social-history center of
 historical inquiry."7 "Gender," and Scott's other writings as well, provided a key piece
 of the theoretical grounding for this historiographic trend.

 Like all historiographic moments, this one, too, will no doubt pass. And when it
 does, what will we remember? We might consider another context for understanding
 the significance of Scott's essay and its larger contribution beyond historiography.
 We have only begun to historicize "gender"-that is, to write the history of the con-
 cept of gender itself. Scott's essay belongs in that history; it represents a turning point
 when U.S. feminist scholars pulled "gender" away from its scientific and social sci-
 entific origins, reworked its meaning, and suggested its broader social, cultural, and
 historical impact.

 Scott dated the term "gender," in its contemporary usage, to the 1970s feminist
 movement, but the word has a longer history, even as a reference to the non-bio-
 logical components of sex. Before the 1950s, linguists used "gender," as Scott ac-
 knowledged, to refer to a form of grammatical classification. The concept of socially
 constructed sex differences did not yet have a word to connote it. Nonetheless, the-
 ories of the social construction of sex differences emerged in tandem with theories
 of the social construction of other forms of group difference. From the early twen-

 16 For more recent concerns that gender history will supplant women's history, see Alice Kessler-
 Harris, "Do We Still Need Women's History?" Chronicle of Higher Education 54, no. 15 (December 7,
 2007): B6.

 17 For a recent account of this trend, see Daniel Wickberg, "Heterosexual White Male: Some Recent
 Inversions in American Cultural History," Journal of American History 92, no. 1 (2005): 136-157.
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 1354 Joanne Meyerowitz

 tieth century on, social scientists engaged in a profound questioning of biological
 determinism and the categories on which it relied, not only with regard to sex but
 also with regard to race, ethnicity, national character, sexuality, criminality, and men-
 tal illness. By the mid-twentieth century, anthropologists and sociologists wrote of
 "sex roles" to refer to the culturally determined expected behavior of women and
 men and "sexual status" to acknowledge that different cultures accorded different
 social rankings to women and men. Psychologists used the phrases "psychological
 sex" and "sex-role identification" to point to a person's acquired sense of self as
 female or male.1s

 In the mid- to late 1950s, John Money, Joan Hampson, and John Hampson, all
 then at Johns Hopkins University, introduced the term "gender" into this scientific
 literature. In a series of articles on intersexuality, they argued for the environmental
 determinants of "gender," "gender role," and "gender role and orientation," just as
 others had earlier argued for the environmental determinants of "sex roles" and
 "psychological sex." Children learned "gender" in early childhood, they argued, in
 the same way they learned a language. Biological sex, however it was defined, did
 not determine one's "gender role and orientation."'19 Other scientists and social sci-
 entists picked up the new terminology. In 1962, psychoanalyst Robert Stoller and his
 colleagues at the University of California in Los Angeles opened the first Gender
 Identity Research Clinic (GIRC), and in 1968, Stoller published the book Sex and
 Gender, which seems to have been the first American book with the word "gender,"
 in its current non-linguistic form, in the title. For Stoller, gender referred to the
 particular balance of masculinity and femininity found in each person. It had "psy-
 chological or cultural rather than biological connotations." Stoller was not a feminist.
 In fact, he worried about the erosion of gender roles and the developmental dis-
 turbance of "gender identity," the new term he coined for "psychological sex." He
 and his colleagues at the GIRC worked to instill masculinity in feminine boys and
 femininity in masculine girls. If gender was mostly socially constructed, then some-
 one, they reasoned, had to repair it when it was improperly built. Stoller and his
 colleagues signed up for the job.20

 Influenced by the women's movement, American feminists appropriated the
 word "gender" in the 1970s and transformed its meaning. Like others before them,
 feminist social scientists used "gender" to reject the notion that the perceived sex

 18 On American social scientists and the social construction of sex differences, see, for example,
 Rosalind Rosenberg, Beyond Separate Spheres: Intellectual Roots of Modern Feminism (New Haven,
 Conn., 1982); Carl Degler, In Search of Human Nature: The Decline and Revival of Darwinism in American
 Social Thought (New York, 1991); Mari Jo Buhle, Feminism and Its Discontents: A Century of Struggle
 with Psychoanalysis (Cambridge, Mass., 1998).

 19 For uses of the new terms, see John Money, "Hermaphroditism, Gender, and Precocity in Hy-
 peradrenocorticism: Psychologic Findings," Bulletin of the Johns Hopkins Hospital 96 (1955): 253-264;
 John Money, Joan G. Hampson, and John L. Hampson, "Imprinting and the Establishment of Gender
 Role," American Medical Association Archives of Neurology and Psychiatry 77 (1957): 333-336. Money
 later retreated from his early environmentalism; by the end of the 1960s, he speculated that early ex-
 posure to sex hormones and the neurophysiology of the brain (as well as environment) shaped gender
 identity. On Money, the Hampsons, and "gender," see Bernice Hausman, Changing Sex: Transsexualism,
 Technology, and the Idea of Gender (Durham, N.C., 1995), chap. 3; Joanne Meyerowitz, How Sex
 Changed: A History of Transsexuality in the United States (Cambridge, Mass., 2002), chap. 3.

 20 Robert J. Stoller, Sex and Gender: On the Development of Masculinity and Femininity (New York,
 1968), 9. On Stoller and the GIRC, see Meyerowitz, How Sex Changed, chap. 3; Phyllis Burke, Gender
 Shock: Exploding the Myths of Male and Female (New York, 1996).
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 A History of "Gender" 1355

 differences in behavior, temperament, and intellect were simply natural or innate,
 but unlike their predecessors, they rejected functionalism and questioned whether
 gender and gender roles were necessary or good. If gender was artifice, then many
 1970s feminists saw little reason to maintain it, especially when it played a part in
 subordinating women. But gender, in its multiple variations, was not so easily willed
 away. It was built into the structure and practice of families, education, labor mar-
 kets, and government policies, and it had deep roots in the everyday behaviors and
 fantasies of individual women and men. Some academic feminists, especially in the
 humanities, turned away from the study of gender roles, gender systems, and gender
 segregation, and focused instead on the reconstruction and revaluation of feminin-
 ities, women's writings, women's ethics, and women's worlds.21

 Others searched for theoretical approaches that could explicate how perceptions
 of sex difference operated in language, psyche, and symbolic order. In the late 1970s
 and early 1980s, some American feminist literary critics turned to French poststruc-
 turalist theory. They drew on the works of Jacques Lacan, Roland Barthes, and

 Jacques Derrida, and they translated the writings of H616ne Cixous, Luce Irigary, and
 Julia Kristeva. They expanded their purview from "the woman reader, women's cul-
 ture, and the woman's text" to "the whole of literature and culture." Cixous wrote:

 "Every theory of culture, every theory of society, the whole conglomeration of sym-

 bolic systems..,. it is all ordered around hierarchical oppositions that come back to
 the man/woman opposition." By the early 1980s, male literary critics recognized the
 feminist affinity to poststructuralism. In 1983, in Literary Theory, Terry Eagleton
 suggested that "the movement from structuralism to post-structuralism was in part
 a response" to the demands of the women's movement. In this rendition, feminism
 stood front and center on the poststructuralist stage.22

 In 1986, with the article "Gender," Joan Scott helped to bridge the gap between
 the feminist social scientists who critiqued "gender" and "gender roles" and the
 feminist literary critics who deconstructed textual representations of sex differ-
 ence.23 She wrote in a moment, as she noted, "of great epistemological turmoil,"
 when social scientists were shifting "from scientific to literary paradigms," and when
 feminists were finding "scholarly and political allies" among poststructuralists. For
 Scott, gender was "a constitutive element of social relationships based on perceived
 differences between the sexes," and also "a primary way of signifying relationships
 of power." Scott's dual definition allowed her to bring together the social scientists
 who rejected biological determinism and questioned the allegedly natural differ-

 21 On 1970s feminists and "gender," see, for example, Suzanne J. Kessler and Wendy McKenna,
 Gender: An Ethnomethodological Approach (Chicago, 1978); see also Rosalind Rosenberg, "Gender,"
 in Theodore M. Porter and Dorothy Ross, eds., The Modern Social Sciences (Cambridge, 2003), 678-692.

 22 Elaine Showalter, "Women's Time, Women's Space: Writing the History of Feminist Criticism,"
 Tulsa Studies in Women's Literature 3, no. 1/2 (1984): 35; H616ne Cixous, "Castration or Decapitation?"
 Signs 7, no. 1 (1981): 44; Terry Eagleton, Literary Theory: An Introduction (Minneapolis, 1983), 149. For
 American feminist adaptations of French theory, see, for example, Elaine Marks and Isabelle de Cour-
 tivron, eds., New French Feminisms: An Anthology (Amherst, Mass., 1980); Writing and Sexual Difference,
 Special Issue, Critical Inquiry 8, no. 2 (1981); Feminist Readings: French Texts/American Contexts, Special
 Issue, Yale French Studies 62 (1981). For critical commentaries by historians, see Buhle, Feminism and
 Its Discontents, chap. 9; Claire Goldberg Moses, "Made in America: 'French Feminism' in Academia,"
 Feminist Studies 24, no. 2 (1998): 241-274.

 23 Scott was soon joined in this endeavor by Judith Butler; see Butler, Gender Trouble: Feminism and
 the Subversion of Identity (New York, 1990).
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 1356 Joanne Meyerowitz

 ences on which it was based and the philosophers, psychoanalysts, and literary critics
 who suggested that the language of difference sustained Western social and political
 order. She was not alone in this kind of endeavor. A year earlier, for example, Henry
 Louis Gates, Jr. (and others) had posited race as a "trope of ultimate, irreducible
 difference" that naturalized distinctions between "cultures, linguistic groups, or ad-
 herents of specific belief systems."24 Within the United States, the scholarly study
 of difference and inequality, once firmly grounded in social science, had migrated
 to the humanities and taken root in the study of language. It soon spread beyond
 the analysis of literature and into the reading of multifarious texts, including the
 kinds of texts that historians typically use as evidence.

 This abbreviated genealogy of gender might help to place Scott's contribution in
 a broader context. For historians, Scott summarized explanations of gender inequal-
 ity, captured an emerging historiographic trend, and imported theory to a discipline
 of committed empiricists. She promised both to expand the terrain of the new social
 and cultural history and to return to and revivify the traditional fields of historical
 study. In the 1980s and 1990s, her readers sustained her argument first by publicly
 debating its merits and then by applying its theory and its method of reading. Beyond
 the historical discipline, though, Scott's essay entered into decades-long conversa-
 tions on the social and symbolic constructions of sex difference. She helped to move
 the American concept of gender beyond its scientific and social scientific origins and
 nudged the American adaptations of poststructuralism beyond their recognized
 place in literary criticism. She suggested how the language of sex difference had
 historically provided a means to articulate relationships of power. In this way,
 she tied gender back to other forms of difference and pushed us to ponder the
 metanarratives that mutually constituted various social and political hierarchies.
 And ponder we should. This may, in the end, prove to be the enduring legacy of
 "Gender."

 24 Scott, "Gender," 1066, 1067; Henry Louis Gates, Jr., "Writing 'Race' and the Difference It Makes,"
 "Race," Writing, and Difference, Special Issue, Critical Inquiry 12, no. 1 (1985): 5. Gates's essay is the
 editor's introduction to the issue; some of the other essays in the issue also address the language of race
 difference. See also Evelyn Brooks Higginbotham, "African American Women's History and the Meta-
 language of Race," Signs 17, no. 2 (1992): 251-274.
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Abstract: Sexual reproduction is
an ancient feature of life on earth,
and the familiar X and Y chromo-
somes in humans and other model
species have led to the impression
that sex determination mecha-
nisms are old and conserved. In
fact, males and females are deter-
mined by diverse mechanisms that
evolve rapidly in many taxa. Yet
this diversity in primary sex-deter-
mining signals is coupled with
conserved molecular pathways that
trigger male or female develop-
ment. Conflicting selection on dif-
ferent parts of the genome and on
the two sexes may drive many of
these transitions, but few systems
with rapid turnover of sex determi-
nation mechanisms have been rig-
orously studied. Here we survey
our current understanding of how
and why sex determination evolves
in animals and plants and identify
important gaps in our knowledge
that present exciting research op-
portunities to characterize the evo-
lutionary forces and molecular
pathways underlying the evolution
of sex determination.

Introduction

Sex—the mixing of genomes via meiosis

and fusion of gametes—is nearly universal

to eukaryotic life and encompasses a

diverse array of systems and mechanisms

[1]. One major role of sex is to bring

together alleles carried by different

individuals, revealing beneficial genetic

variance that is otherwise hidden [2].

While many unicellular organisms pro-

duce gametes of equal size (isogamy, see

Box 1), sexual reproduction in most

multicellular organisms has led to the

evolution of female and male gametes

differing in size (anisogamy), and often to

the evolution of two separate sexes. Even

though the outcome of sex determina-

tion—whether an individual produces

relatively few large ova or many small

sperm—is strongly conserved, a bewilder-

ing number of underlying mechanisms can

trigger development as either a male or

female [3,4].

In humans, sex is determined by sex

chromosomes (XX females, XY males). The

X and Y chromosomes harbor dramatically

different numbers and sets of genes (about

1,000 genes on the X and only a few dozen

genes on the Y), yet they originated from

ordinary autosomes during the early evolu-

tion of mammals (Figure 1). Restriction of

recombination followed by gene loss on the

Y has resulted in the morphological differ-

entiation of sex chromosomes (for a review

of the molecular and evolutionary processes

involved in Y degeneration, see [4,5]). The

vast majority of genes on the sex chromo-

somes are not directly involved in sex

determination, and development as a male

or female depends on the presence of a

single master sex-determining locus, the Sry

gene, on the male-limited Y chromosome.

Expression of Sry early in embryonic

development initiates testis differentiation

by activating male-specific developmental

networks, while in its absence, ovaries

develop. The first visible signs of sexual

differentiation of the ovary and testis occur

by the sixth week of gestation in humans

[6], and sex hormones initiate further sexual

differentiation in nongonadal tissues and

organs [7]. When this developmental pro-

cess goes awry, the effects can be cata-

strophic, causing everything from ambigu-

ous external genitalia (which occurs in up to

one in 4,500 infants) to sterility (which is

more cryptic and difficult to diagnose but

may be far more common).

Like humans and most mammals, other

genetic model systems, such as Drosophila

melanogaster flies and Caenorhabditis elegans

nematodes, harbor sex chromosomes, and

their commonalities have led to general

assumptions about the conservation of sex

determination mechanisms. However,

these model organisms present a false

impression of stability in how sex is

determined, and their commonalities

mask the diversity and turnover in sex

determination mechanisms that is readily
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apparent when taking a broader taxonom-

ic view. In this article, we address three

common myths about sex determination

and then deconstruct them based on a

broad taxonomic survey of animals and

plants.

Myths of Sex Determination
Myth 1: Sex is typically determined
by X and Y chromosomes

Many biologists are habituated to think-

ing about sex determination through the

familiar examples of mammals and D.

melanogaster, and assume that sex determi-

nation by sex chromosomes is the norm,

that males are XY and females are XX,

and that sex chromosomes are a stable

component of the genome. While biolo-

gists are generally aware of other modes of

sex determination (such as female hetero-

gamety in birds, temperature-dependent

sex determination in reptiles, or develop-

ment of males from unfertilized eggs in

bees), these alternatives are often viewed as

strange and aberrant [8].

Myth 2: Sex is controlled by one
master-switch gene

Sex determination in model species

suggests that a master-switch gene (e.g.

Sry in mammals, Sxl in D. melanogaster, and

xol-1 in C. elegans) acts as the main control

element to trigger either male or female

sexual development. Changes in the sex

determination pathways across taxa are

assumed to involve adding a new master-

switch gene to this molecular pathway (as

in some fly taxa; [9]), with little change to

downstream elements of the sex determi-

nation pathway [10]. A few genes are

thought to have the capacity to take on the

role of sex determination genes, and these

have been co-opted as master-switch genes

independently in different lineages (for

example, dmrt1 in several vertebrates

[11–14] and tra in insects [15–17]).

Myth 3: Sex chromosome
differentiation and degeneration is
inevitable

Sex chromosomes originate from iden-

tical autosomes by acquiring a sex deter-

mination gene (for example, the origin of

the Sry gene in mammals approximately

180 million years ago or Sxl in the

Drosophila genus .60 million years ago).

They are then thought to differentiate

through an inevitable and irreversible

process in which recombination between

X and Y chromosomes is shut down and

the Y degenerates (see Figure 1). Ulti-

mately, Y chromosomes are fated to

disappear entirely (‘‘born to be destroyed,’’

[18]). Thus, sex chromosomes that are

morphologically similar (homomorphic)

must be evolutionarily young, and in time

they too will degenerate.

The Myths Deconstructed

These myths do not survive a survey of

sex determination systems across the tree

of life. To deconstruct these myths, we first

provide background on the evolution of

separate sexes. We then summarize the

diversity of sex-determining mechanisms

found among animals and plants and

discuss the evolutionary forces that drive

transitions among systems (Myth 1 revis-

ited). This is followed by a summary of

more recent findings on the underlying

molecular genetics of sex determination

(Myth 2 revisited) and a deconstruction of

common misconceptions of sex chromo-

some evolution in humans and other

species (Myth 3 revisited). We conclude

with an outlook for future research that

might improve our understanding of how

and why sex determination evolves so

rapidly in many animals and plants.

The Evolution of Separate Sexes

While the evolution of anisogamy led to

the evolution of male and female func-

tions, the evolution of separate sexes is not

inevitable across lineages. Indeed, most

flowering plants (94%, [19]) have both

male and female sex organs within a single

individual and often within the same

flower. By contrast, hermaphroditism is

rare among animals considered as a whole

(about 5% of all species), which is largely

due to the absence of hermaphrodites in

the species-rich insects, but it is common

in many other animal taxa, including fish

and many invertebrates (most snails,

corals, trematodes, barnacles, and many

echinoderms) [20]. Hermaphrodites can

mate with each other and benefit from the

advantages of sex by mixing their ge-

nomes, but when mates are difficult to

find, hermaphrodites can also escape the

need for a reproductive partner by self-

fertilization (which, however, may produce

low-fitness offspring due to ‘‘inbreeding

depression;’’ see below). This advantage of

reproductive assurance is particularly pro-

nounced in sessile animals—like corals—

and plants, which cannot move to find a

mate [21,22]. Thus there is a clear

advantage to combining both male and

female functions within an individual,

especially in taxa with low mobility.

However, in some plants and most

animals, species are driven to separate

the sexes. This can be achieved in several

ways. One partial solution is the spatial

separation of male and female gonads in

the same individual, as in monoecious

plants with separate male and female

flowers (e.g., maize) and in most hermaph-

roditic animals. Alternatively, male and

female function can be separated in time

within an individual, as found in many

plants (‘‘dichogamy,’’ [23]) and some

animals (‘‘sequential hermaphroditism,’’

[24]); slipper shells, for example, are born

male and become female later in life.

Finally, male and female reproductive

organs can be segregated into different

individuals, as in some plants (such as

papaya and cannabis) and most animals.

Separate sexes have evolved indepen-

dently many times among plants and

animals, which suggests that there must

be an evolutionary cost to hermaphrodit-

ism, at least in some groups. Two major

hypotheses have been proposed to explain

the evolution of separate sexes. The first

hypothesis is that there are trade-offs

between male and female function, such

as when mating displays enhance male

fitness but decrease female fitness. In this

case, individuals can gain reproductive

advantages by specializing as a male or

female [25]. Direct evidence for the trade-

off hypothesis is sparse [26], and observa-

tions consistent with it come from her-

maphroditic great pond snails, which

reallocate resources to female function

when sperm production is experimentally

abolished [27], and from strawberries, in

which increased pollen production comes

at the cost of reduced seed set [28].

Indirect evidence of a trade-off comes

from the fact that many asexual animals

[29] and plants [30] that still have residual

sperm/pollen production evolve reduced

investment in male gametes over time,

suggesting that doing so increases female

function. The second major hypothesis is

that separate sexes evolve as a means to

avoid self-fertilization, which can produce

low-fitness offspring because of the expo-

sure of recessive deleterious alleles (‘‘in-

breeding depression’’) [31]. Empirical

evidence for inbreeding depression is

widespread in animals and plants

[32,33]; for instance, in the Hawaiian

endemic plant genus Scheidia, high in-

breeding depression promotes the evolu-

tion of dioecy [34].

When separate sexes are favored, the

transition can occur via several evolution-

ary pathways. Separate sexes may evolve

from hermaphrodites either by gradual

increases in sex-specific investment or

rapidly by the appearance of male- or

female-sterility mutations (Figure 2). The

latter occurs regularly in plants, often

generating mixed sexual systems, such as
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gynodioecy (mixtures of females and

hermaphrodites) and androdioecy (mix-

tures of males and hermaphrodites).

Figure 2 highlights the possible pathways

for the evolution of separate sexes from a

hermaphrodite ancestor and illustrates

their relation to sex chromosome evolu-

tion. While we have emphasized the

evolutionary transition from hermaphro-

ditism to separate sexes, several examples

are known where the opposite transitions

occur (e.g., [35,36]), indicating that the

conditions favoring the separation of male

and female function are not always

present.

Myth 1 Revisited—Sex-
Determining Mechanisms Are
Diverse and Can Evolve Rapidly

In animals and plants that have evolved

separate sexes, accurate differentiation

into fertile males and females is a funda-

mental developmental process. Contrary

to Myth 1, however, diverse mechanisms

are used to determine sex [3,4] (Figure 3,

Figure 4; Box 2). All crocodiles, most

turtles, and some fish exhibit temperature-

dependent sex determination; Wolbachia

infections override existing sex determina-

tion systems in many arthropod species

and either kill/sterilize males or transform

them into phenotypic females; male scale

insects eliminate their father’s genome

after fertilization; marine worm Bonellidae

larvae develop as males only if they

encounter a female; and many plants and

animals—including some snails and fish—

change sex during their lifetime in re-

sponse to environmental or social cues

[3,37].

In fact, sex determination is a rapidly

evolving trait in many lineages (Figure 3),

and sometimes closely related species, or

populations of the same species, have

different modes of sex determination

[3,4,38]. Houseflies, for example, normal-

ly have XY sex chromosomes, but dom-

inant masculinizing and feminizing alleles

on other chromosomes exist in some

populations that override sex determina-

tion by the XY chromosomes [39]. This

variety has stimulated investigation into

what evolutionary forces drive the turn-

over of sex determination mechanisms,

what molecular mechanisms underlie the

different modes of sex determination, and

why sex determination is labile in some

taxa and not in others.

Genotypic versus environmental sex
determination

With genotypic sex determination (GSD),

which occurs in the majority of species

with known sex-determining mechanisms,

genetic elements specify whether individ-

uals are female or male. In many animals

and some plants, however, the switch to

develop into a female or male does not lie

in the genes. With environmental sex determi-

nation (ESD), external stimuli control sex

determination, such as temperature in

reptiles [40], photoperiod in marine am-

phipods and some barnacles [41,42], and

social factors in many coral-reef-dwelling

fish and limpets [43,44]. Exactly how the

environment triggers sex development has

remained an open question, although a

recent study found that methylation pro-

vided the link in European sea bass [45].

In many species, the line between GSD

and ESD is blurred, with certain environ-

ments altering the (otherwise genetically

determined) sex of developing offspring

[46]. For example, tongue sole have

differentiated ZW sex chromosomes, but

Box 1. From Mating Types to Sexes

Meiotic sex likely has a single origin, which dates back to the origin of eukaryotes
[144,145]). While most eukaryotes display some form of meiotic sex, many lack
differentiated male and female gametes—a situation referred to as isogamy. Even
with isogamy, however, mating is often not random but requires that joining cells
differ at a mating type (MAT) locus. Mating types might have evolved to
orchestrate the developmental transition from the haploid to the diploid phase of
the life cycle [146,147]: plus and minus gametes express complementary
transcription factors, encoded by different alleles at the MAT locus; these
combine in the zygote into heterodimers that silence the genes expressed in the
haploid phase and switch on the diploid program.

Isogamy permits a theoretically unlimited number of mating types; high numbers
increase the probability that randomly mating partners display complementarity.
Most basidiomycete fungi, for instance, present two independent MAT loci (and
are therefore said to be tetrapolar, because a single meiosis can produce cells of
four distinct mating types); each locus can be multiallelic, resulting in up to
thousands of different mating types. Alternatively, a low probability of
encountering complementary partners might have driven a transition to
homothallism observed in many ascomycete fungi, which refers to a mating
compatibility between genetically identical individuals. Homothallism evolved via
genic capture: a single genome harbors complementary mating-type alleles,
which are differentially expressed in plus and minus gametes. Mating-type
switching in yeasts allows different cells from the same clone to express
complementary mating types, and thus enter the diploid phase of their life cycle.

Anisogamy (small male and large female gametes) evolved independently in
many eukaryotic lineages, including several different groups of protists (such as
red algae, brown algae, apicomplexa, dinoflagellates, and ciliates; [148]), as well as
most plants and animals. The transition towards anisogamy is thought to result
from disruptive selection [1,149,150]: given opposing pressures to simultaneously
maximize the number of gametes, their encounter rate, as well as the mass and
ensuing survival of resulting zygotes, the fitness of both partners is often
maximized when one interacting gamete is small and mobile, while its large and
sessile partner provides the resources required for zygote development.
Intermediate gametes do worse than small ones in terms of mobility and
numbers, and worse than large ones in terms of provisioning. Such constraints
largely explain why sexes (at the gametic level) are two and only two, and why
anisogamy independently evolved in many lineages. At the molecular level, one
route to anisogamy is by the incorporation of genes controlling gamete size into
the MAT region [151]. Further extensions of the MAT region, possibly involving
additional sex-antagonistic genes, led to the U and V chromosomes character-
izing male and female gametophytes, as found, e.g., in mosses and liverworts
[152].

Importantly, the evolution of anisogamy does not require the evolution of
separate sexes, because hermaphrodites can produce both sperm and eggs.
Similarly, several unicellular organisms that are anisogamous, such as apixom-
plexa and dinoflagellates, can make cells that produce sperm as well as cells that
produce eggs. The evolution of completely separate sexes, where individuals
cannot give rise to both sperm and egg descendants, is thought to be fairly
derived and is found primarily among multicellular organisms with rare unicellular
exceptions (e.g., the ciliate Vorticella [153] and several dioecious diatoms [154]).
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ZW embryos develop into males when

incubated at high temperatures, and sex

reversal is accompanied with substantial

methylation modification of genes in the

sex determination pathway [47].

ESD is favored over GSD when specific

environments are more beneficial to one

sex [3], selecting for sex-determining

mechanisms that match each sex to its

best environment. For example, in some

gobies and wrasses, nest sites are limited,

and a male’s ability to defend his nest

depends on body size; individuals tend to

start life as females, and only become

males once they are sufficiently large to

successfully defend a nesting site [48]. The

reverse transition, from ESD to GSD, is

thought to be favored when the environ-

ment is unpredictable or not variable

enough, in which case ESD could produce

strongly skewed sex ratios or intersex

individuals [3]. Indeed, snow skinks, which

are small, live-bearing lizards, have

different sex-determining mechanisms in

different environments. ESD occurs at low

altitudes where early birth is advantageous

for females and the variance in temperature

between years is low. GSD predominates at

high altitudes where there is no advan-

tage for early-born females and between-

year variance in temperature is high

[49]. In this situation, ESD produces

optimal sex ratios at low elevations, while

GSD prevents extreme sex ratios at high

altitudes. Importantly, global climate

change poses a threat to species with

temperature-dependent sex determination

if they cannot adapt rapidly enough to

avoid biased sex ratios [50]. Another

threat to ESD systems comes from

within: they may be prone to invasion

by genetic elements that favor biased sex

ratios (see below).

Genomic conflict and transitions in
sex determination

More generally, selection on the sex

ratio can trigger transitions between and

among different ESD and GSD systems

[3]. Sex-biased inheritance patterns of

different genetic elements—such as sex

chromosomes, organelles, or endosymbi-

onts—create a conflict over which sex is

preferred, and can drive the evolution of

male- or female-biased sex ratios. In

populations with a skewed sex ratio,

selection on autosomal genes typically

favors equal investment in males and

females [51,52], and a new GSD or ESD

system can become established if it restores

a more even sex ratio. An equal number of

males and females is, however, not always

favored, even among autosomal genes

(e.g., with local mate competition, [53]).

In this case, selection for biased sex ratios

can favor the establishment of a new sex-

determining system [54].

Many examples are known of sex

chromosomes, organelles, and endosymbi-

onts that bias the primary sex ratio.

Meiotic drive, where genetic elements bias

the proportion of gametes that carry them,

can create male-biased sex ratios if they

are located on the Y or Z chromosomes (as

seen in many Drosophila species [55]),

whereas driving X or W chromosomes

create female-biased sex ratios (found in D.

simulans [56], stalk-eyed flies [57], and

rodents [58]); autosomal genes that restore

unbiased sex ratios are known in many

systems. Cyto-nuclear conflict arises be-

cause cytoplasmic factors such as mito-

chondria or chloroplast are often inherited

only through the mother, and they favor

production of females, while autosomal

genes are inherited through both sexes and

favor more equal sex ratios. Cytoplasmic

male sterility encoded by mitochondria

has been widely reported in plants,

including maize, petunia, rice, common

bean, and sunflower [59], as have nuclear-

encoded male fertility restorer genes [60].

Likewise, cellular endosymbionts are only

transmitted through the mother and can

create maternally inherited female-biased

sex ratios; examples include male-killing

bacteria in butterflies and Drosophila

[61,62]. Recurrent invasions of sex ratio

distorters and their suppressors can result

in rapid transitions among sex determina-

tion mechanisms between species, and

may be a major force contributing to the

diversity of sex-determining mechanisms

observed across the tree of life.

Turnover of sex chromosomes
In species with genotypic sex determi-

nation, the chromosome pair that deter-

mines sex can change rapidly over time.

Transitions are particularly likely when

the ancestral sex chromosome exhibits

little genetic differentiation, since WW or

YY combinations are then less likely to be

lethal (Figure 5). New sex-determining

genes (or copies of the original gene in a

new location) can lead to transitions within

and between different XY and ZW

systems (Figure 5). Invasions of sex-deter-

Figure 1. Sex chromosome differentiation. A. Reconstructed evolutionary path of sex
chromosome differentiation in humans. Sex chromosomes originate from autosomes that
acquired a sex-determining function (the Sry gene) after their split from monotremes.
Suppression of recombination between the sex chromosomes, associated with degeneration of
the non-recombining region of the Y chromosome, results in the morphological and genetic
differentiation of sex chromosomes. Recombination suppression occurred in multiple episodes
along the human X and Y chromosome, forming so-called evolutionary strata. The oldest stratum
is shared between eutherian mammals and marsupials, while the youngest stratum of humans is
primate-specific. B. The degree of sex chromosome differentiation ranges widely across species,
spanning the entire spectrum of homomorphic to heteromorphic sex chromosomes, from a
single sex-determining locus, as seen in pufferfish, a small differentiated region (strawberry and
emu), most of the sex chromosomes apart from short recombining regions (humans), to the
entire sex chromosome pair, as seen in Drosophila. Note that the sex chromosomes are not drawn
to scale.
doi:10.1371/journal.pbio.1001899.g001

PLOS Biology | www.plosbiology.org 4 July 2014 | Volume 12 | Issue 7 | e1001899Case 3:21-cv-00490   Document 39-11   Filed 03/02/22   Page 4 of 13 PageID #: 938



mining genes are facilitated when the new

sex-determining gene (or a gene closely

linked to it) has beneficial effects on fitness

[63].

Sexually antagonistic selection, which

occurs when a mutation is beneficial to

one sex but detrimental to the other, can

also drive transitions between sex deter-

mination by different pairs of chromo-

somes [64,65]. For example, if an allele of

an autosomal gene is beneficial to males

but harmful to females and becomes

linked to a dominant masculinizing muta-

tion, then chromosomes that carry both

the male-beneficial and male-dominant

alleles create a novel Y that can replace

the ancestral mechanisms. Conversely,

alleles that benefit females and harm males

can create novel W chromosomes when

linked to feminizing mutations. Turnover

of sex chromosomes can also be triggered

by the degeneration of the Y and W

chromosome, which commonly follows the

cessation of recombination [66,67], and

will result in the replacement of a low-

fitness Y or W chromosome with a

nondegenerate one [68].

Sex determination by the whole
genome

In many animals, sex determination

involves the entire genome. With haplodi-

ploidy (found in about 12% of animal

species, including all ants, wasps, and bees)

and paternal genome elimination (found in

scale insects), males only transmit their

maternal set of genes (see Figure 4; Box 2:

Glossary). The loss of the paternal genome

in sons benefits mothers but not fathers

because these uniparental sons transmit

more of a mother’s genome to grandchil-

dren than do biparental sons [3]. Females

also experience a selective advantage from

haplodiploidy (but not paternal genome

elimination) because unfertilized eggs can

develop and contribute to fitness when

mating opportunities are rare.

Despite numerous theoretical predic-

tions for how and why sex determination

mechanisms change, many hypotheses

remain untested. Only a small proportion

of taxa have actually been characterized

for their sex determination mechanisms,

hindering the use of comparative methods

to assess the factors associated with

transitions between them. However, be-

cause sex determination changes so rapid-

ly in many clades, we can catch these

transitions in action to test theoretical

predictions in a direct, experimental

way.

Myth 2 Revisited—Multiple and
Various Genes Can Determine
Sex

The pathways that control sexual de-

velopment have been well characterized at

the molecular level in D. melanogaster, C.

elegans, and mammals. All three involve a

master-switch sex-determining gene,

which led to the birth of Myth 2. Although

the simplicity of a single master-switch is

alluring, this archetype of sex determina-

tion is clearly not universal. Below we

discuss systems where sex is determined by

multiple genes, recent molecular data on

the nature and evolution of sex-determin-

ing genes, and how sex determination can

vary in different parts of the body.

Polygenic sex determination
In some species, sex determination is

polygenic. For example, in zebrafish

(Danio rerio), a key developmental model

organism, sex is not controlled by a single

master regulator but is instead a quantita-

tive threshold trait with either a male or

female outcome, which is determined by

multiple regions in the genome [69–71].

While some of those regions contain genes

known to play a role in sex determination

in other organisms [70], there is an

enduring mystery as to how these multiple

loci and the environment interact to

control downstream sexual differentia-

tion in zebrafish. Zebrafish gonads

develop as testes in the absence of

signals from germ line cells, suggesting

that the factors determining sex may

regulate germ cell proliferation [72].

Sex as a threshold trait has been

inferred in several other fish [73–75]

Figure 2. Evolutionary pathways from hermaphroditism to separate sexes. Shown are two-step pathways involving intermediate male- and
female-sterile individuals. Loss-of-function mutations (red) are assumed to be recessive, while gain-of-function mutations (green) are assumed to be
dominant. Ancestral alleles are in black. M, male fertility allele; m, male sterility mutation; F, female fertility allele; f, female sterility mutation. Because
loss of function mutations (red) are almost 50 times more frequent than gain of function mutations (green) in flowering plants, we would expect
pathways 1 (e.g., some poplar species) or 2 (e.g., papaya) to arise earlier. Furthermore, transitions through gynodioecy, pathways 2 and 3 (e.g.,
strawberry) allow females to completely avoid inbreeding depression, while transitions through androdioecy are more costly because males must
compete with hermaphrodites for fertilization and do not have any of their own ovules to fertilize. These theoretical arguments help to account for
the prevalence of gynodioecy and the XY chromosome system (via pathway 2) observed in plants; nevertheless, all four pathways may be biologically
relevant, although no known examples for pathway 4 currently exist.
doi:10.1371/journal.pbio.1001899.g002
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and invertebrates [76], and further

examples of multiple interacting loci

controlling sex determination are no

doubt waiting to be described. Indeed,

in taxa where separate sexes evolved

recently from a hermaphrodite ancestor,

as is common in plants, multiple sex-

determining loci are in fact expected,

since at least two independent muta-

tions—one suppressing male function,

one suppressing female function—are

necessary to produce separate sexes

from a hermaphrodite (Figure 2). If

separate sexes evolve by gradual in-

crease in sexual investment from a

hermaphrodite, sex determination may

also be due to polygenic inheritance.

The nature and evolution of sex-
determining genes and pathways

Some taxa have master-switch sex-

determining genes that are highly con-

served, such as the Sry gene in nearly all

mammals [77]. In other lineages, such as

fish from the genus Oryzias [78–80], the

master-switch gene differs among closely-

related species (Table 1). There is some

empirical evidence for the repeated use of

the same master sex determination switch

genes in animals. For example, in verte-

brates other than mammals, dmrt1 (a DM

family gene) and its paralogs act as the

primary sex determination signal in Afri-

can clawed frog (Xenopus laevis) [13],

chicken (Gallus gallus) [12], medaka fish

(Oryzias latipes) [78,79], and possibly the

smooth tongue sole (Cynoglossus semilaevis)

[14]. In insects, paralogs of transformer (tra),

a key gene in the sex determination

cascade of Drosophila, have evolved as the

primary switch in houseflies Musca domes-

tica [17], as well as the haplodiploid wasp

Nasonia vitripennis [15] and the honeybee

Apis mellifera [16].

These data suggest that there are

constraints on the types of genes that can

be co-opted as master sex determination

genes [81]. Nevertheless, there are several

cases of switch genes with no homologs in

closely related taxa. These include an

immunity-related gene in rainbow trout

(Oncorhynchus mykiss) [82] and Sxl in

Drosophila [83], whose ortholog has a

non-sex-related function in mRNA splic-

ing in other flies [84]. The primary

master sex-determining gene in the

silkworm Bombyx mori is a W-derived

female-specific piRNA (produced from a

piRNA precursor termed Fem) that

targets a Z-linked gene (named Masc),

and silencing of Masc mRNA by Fem

piRNA is required for female develop-

ment [85]. Undoubtedly, many other sex

determination genes remain to be found,

making it unclear at present whether

there truly are constraints on the types of

genes that could evolve to be master

control switches.

No master sex determination gene has

been identified in dioecious plants, but

genes that affect flower sex determination

have been found [86,87]. Indeed, many

genes may serve as potential targets for sex

determination in plants, given that male or

female sterility can evolve in various ways

[86]. For example, 227 male-sterility genes

have been identified in rice, with at least

one male-sterility gene found on each of

rice’s 12 chromosomes—hence each auto-

some could, in principle, evolve a sex-

determining function [88]. This abun-

dance and diversity within a single species

indicates that the initial evolution of

separate sexes is unlikely to be limited to

a scant handful of master genes.

In sharp contrast with the diversity of

primary sex-determining signals, some

key regulatory genes play conserved

roles in the molecular pathways leading

to male or female gonad development

across invertebrates and vertebrates,

such as the doublesex-mab3 (DM) family

genes [89,90]. Despite profound differ-

ences in the mode of sex determination

and the identity of the master-switch

genes, DM genes are specifically ex-

pressed in the developing gonads of

almost all animals, including vertebrates

(mammals [91], birds [92], turtles and

alligators [93–95], amphibians [96], and

fish [97]) and invertebrates (Drosophila

[98], hymenoptera [99], crustaceans

Figure 3. Diversity of sex determination systems for representative plant and animal clades. The bubble insert graph for the plant clades
represents the relative proportion of species with documented sex chromosomes within plants with separate sexes. Vertebrates: Mammalia
(placental, marsupial, and monotreme mammals), Aves (birds), Reptilia (turtles, snakes, crocodiles, lizards), Amphibia (frogs, toads, salamanders), and
Teleostei (bony fishes). Invertebrates: Acari (mites and ticks), Crustacea (shrimps, barnacles, crabs), and Insects, which include Coccoidea (scale
insects), Coleoptera (beetles), Hymenoptera (ants, bees, and wasps), Lepidoptera (butterflies), and Diptera (flies). Plants: Gymnosperms (non-flowering
plants) and Angiosperms (flowering plants).
doi:10.1371/journal.pbio.1001899.g003
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Figure 4. Schematic overview of some sex determination (SD) mechanisms. M refers to meiosis, F to fertilization. Haploid stages (n) are
indicated as shaded areas and diploid stages (nn) are unshaded. Hermaphrodites: Most flowering plants (and gastropods and earthworms)
simultaneously contain both male and female sexual organs (simultaneous hermaphrodites). Many fish and some gastropods and plants are sequential
hermaphrodites; clownfish, for example, are born males and change into females, while many wrasses or gobies begin life as females and then change
to males. Environmental Sex Determination: In turtles and some other reptiles, sex is determined by incubation temperature of the eggs
(temperature-dependent sex determination). Social factors can act as primary sex-determining cues: sexually undifferentiated larvae of the marine
green spoonworm that land on unoccupied sea floor develop into females (and grow up to 15 cm long), while larvae that come into contact with
females develop into tiny males (1–3 mm long) that live inside the female. Genotypic Sex Determination: Almost all mammals and beetles, many
flies and some fish have male heterogamety (XY sex chromosomes), while female heterogamety (ZW sex chromosomes) occurs in birds, snakes,
butterflies, and some fish. In mosses or liverworts, separate sexes are only found in the haploid phase of the life cycle of an individual (UV sex
chromosomes). In some flowering plants and fish, such as zebrafish, sex is determined by multiple genes (polygenic sex determination). In bees, ants,
and wasps, males develop from unfertilized haploid eggs, and females from fertilized diploid eggs (haplodiploidy), while males of many scale insects
inactivate or lose their paternal chromosomes (paternal genome elimination). In some species, sex is under the control of cytoplasmic elements, such
as intracellular parasites (e.g., Wolbachia) in many insects or mitochondria in many flowering plants (cytoplasmic sex determination). In some flies and
crustaceans, all offspring of a particular individual female are either exclusively male or exclusively female (monogeny).
doi:10.1371/journal.pbio.1001899.g004
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[100,101], and mollusks [102,103]).

Thus, the evolution of sex-determining

pathways, at least in animals, appears to

occur by the recruitment of new master-

switches controlling sexual fate, while

the downstream developmental path-

ways that regulate gonadal differentia-

tion are retained [10,81,104], although

the function of some of these down-

stream elements appears to diverge

among lineages [105]. Characterization

of polygenic sex determination systems

and identification of master sex determi-

nation genes across kingdoms will pro-

vide insight into the mechanistic con-

straints limiting the evolution of sex

determination pathways.

Sex determination: soma vs. germ
line

Sex determination can also differ with

respect to where in the body sex is

determined. In humans, sex is determined

in the developing gonad, and gonadal sex

hormones in turn trigger sex determina-

tion and differentiation in nongonadal

tissues. By contrast, in birds, Drosophila,

and nematodes [106–109], sexual differ-

entiation is a cell-autonomous process,

although secreted signaling molecules can

play a role in generating sexual dimor-

phism in somatic tissues. Studies in Dro-

sophila have shown that only a subset of cells

express the genes of the sex determination

cascade and have a sexual identity [106].

Cell-autonomous sex determination can

result in the formation of gynandro-

morphs—individuals that contain both

male and female characteristics, found in

birds and many insects, including butter-

flies and beetles. Sex determination can

also be regulated differently in the soma

versus the germ line of the same species

[110,111]. In houseflies [112] and some

frogs [113] and fish [114–116], transplan-

tation experiments indicate that the sex of

germ cells depends on the surrounding

soma, i.e., XX germ cells transplanted into

male soma form sperm, and XY germ cells

transplanted in a female soma form oo-

cytes. In contrast, germ cells in Drosophila

[117] and mammals [118] receive signals

from the surrounding somatic gonad, but

they also make an autonomous decision

during germ line sexual development; this

may also be true for chickens [107]. In

these animals, the ‘‘sex’’ of the soma must

match the ‘‘sex’’ of the germ cells for proper

gametogenesis to occur. If XX germ cells

are transplanted into male soma they do

not form sperm, and XY germ cells

transplanted into female soma fail to form

oocytes.

Myth 3 Revisited—Sex
Chromosomes’ Eternal Youth

Heteromorphic sex chromosomes

evolve from autosomes that are initially

identical but then stop recombining and

differentiate. Recombination suppression

is favored when it links together sexually

antagonistic alleles and sex-determining

loci (i.e., a male-beneficial allele and a

male-determining gene on a Y chromo-

some, or a female-beneficial allele and a

female-determining gene on a W chromo-

some). A side effect of repressed recombi-

nation on Y and W chromosomes is that

natural selection is inefficient (reviewed in

[4,5]), which can result in the loss of most

of their genes. Y or W degeneration has

occurred in many animal taxa with

heteromorphic sex chromosomes, includ-

ing mammals [119], many birds [120],

snakes [121], and many insects [122,123],

along with some plants, including Rumex

[124]. In the most extreme cases, the Y or

W is entirely lost, resulting in so-called X0

and Z0 systems. According to Myth 3,

differentiation of sex chromosomes is

evolutionarily inevitable, and the degree

of heteromorphism reflects their age

(Figure 5). However, as we explain below,

evidence from a broad array of organisms

indicates that the link between sex chro-

Figure 5. Transitions versus differentiation of sex chromosomes. Transitions between homomorphic sex chromosomes result from new
masculinizing (M9) or feminizing (F9) mutations that invade an existing XY or ZW system to create a new chromosome pair (in grey) that harbors the
sex-determining gene (additional transitional karyotypes are indicated by unshaded circles). XYRXY transitions result in the loss of the ancestral Y
(and ZWRZW transitions cause loss of the ancestral W). Transitions between XY and ZW systems result in some offspring that are homozygous for
the Y (blue) or W (red) chromosome and are thus more likely if the chromosomes have similar gene content but become increasingly difficult if these
chromosomes have degenerated (side boxes on left and right), causing YY and WW individuals to be less fit.
doi:10.1371/journal.pbio.1001899.g005
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mosome heteromorphism and age is often

far from direct.

Not all sex chromosomes become
differentiated

Differentiation is often seen as the

default path of sex chromosome evolution,

but contrary to Myth 3, some ancient sex

chromosomes recombine and are undif-

ferentiated over most of their length.

Examples are found in python snakes

and ratite birds, whose homomorphic sex

chromosomes are about 140 and 120

million years old, respectively

[121,125,126], i.e. almost as old as the

heteromorphic sex chromosomes of theri-

an mammals (about 180 million years old).

How do some ancient sex chromosomes

avoid differentiation? One hypothesis is

that occasional X-Y recombination purges

deleterious alleles on the Y. A mechanism

proposed for tree frogs is that XY embryos

are occasionally sex-reversed, and so the X

and Y recombine when these embryos

develop into females [127,128]. Second,

some taxa may have few genes under

sexually antagonistic selection on their sex

chromosomes and thus avoid selection to

suppress recombination between the X

and Y [129]. Third, sexually antagonistic

selection can be resolved by other means,

such as the evolution of sex-specific

expression [130]. Sexually antagonistic

alleles can accumulate along the sex

chromosomes, and sex-specific expression

will confine the product of such alleles to

the sex they benefit, thereby eliminating

the selective pressure for recombination

suppression. Consistent with this last

Box 2. Glossary of Sex-Determining Mechanisms

N Hermaphrodites: individuals that contain both male and female sex organs.

N Simultaneous hermaphroditism: male and female sexual organs coexist in one individual (e.g., most flowering plants and
earthworms, many terrestrial gastropods).

N Sequential hermaphroditism: individuals change sex at some point during their life (e.g., many fish, snails, and some plants).

N Dioecy (plants) or gonochorism (animals): individuals are either male or female throughout their life.

N Environmental sex determination: sex is triggered by environmental cues, such as temperature, pH, social interactions, and
seasonality (e.g., many reptiles and some fish).

N Genotypic sex determination: an individual’s sex is established by its genotype (e.g., mammals, birds, amphibians, most
insects, some reptiles and fish, and some plants).

N Male heterogamety: type of genotypic sex determination in which males are heterozygous for the sex-determining locus
(termed X and Y, as seen in therian mammals and Drosophila).

N Female heterogamety: type of genotypic sex determination in which females are heterozygous for the sex-determining locus
(termed Z and W, as seen in birds, snakes, butterflies, and gingko trees).

N UV sex determination: separate sexes are only found in the haploid phase of the life cycle of an individual (e.g., mosses or
liverworts).

N Polygenic sex determination: sex is determined by multiple genes (e.g., some fish and flowering plants).

N Haplodiploidy: males develop from unfertilized, haploid eggs, and females from fertilized, diploid eggs (e.g., bees, ants, and
wasps).

N Paternal genome elimination: paternal chromosomes in males are inactivated or lost after fertilization, leaving males
functionally haploid (e.g., many scale insects).

N Cytoplasmic sex determination: sex is under the control of cytoplasmic elements, such as intracellular parasites (e.g.,
Wolbachia in many insects) or mitochondria (e.g., cytoplasmic male sterility in flowering plants).

N Monogeny: all offspring of a particular individual female are either exclusively male or exclusively female (e.g., some flies and
crustaceans).

N Sexual reproduction: the mixing of genomes via meiosis and fusion of gametes.

N Sex: the sexual phenotype of an individual.

N Sex determination: the mechanism by which the sexual phenotype of an individual is established in a given species.

N Sex chromosome: a chromosome involved with determining the sex of an individual.

N Autosome: a chromosome not involved with determining the sex of an individual (i.e. any chromosome that is not a sex
chromosome).

N Y degeneration: the loss of genetic information on the non-recombining Y chromosome.

N Homomorphic sex chromosomes: sex chromosomes that are morphologically indistinguishable.

N Heteromorphic sex chromosomes: sex chromosomes that are morphologically distinct.

N Sexually antagonistic selection: selection for a trait that benefits one sex to the detriment of the other sex.

N Gynodioecy: a breeding system that consists of a mixture of females and hermaphrodites.

N Androdioecy: a breeding system that consists of a mixture of males and hermaphrodites.

N Meiotic drive (also called segregation distortion): a system in which genetic elements termed segregation distorters bias the
proportion of gametes that carry them, resulting in over- or under-representation of one gametic type (i.e. non-mendelian
segregation).

N Nucleo-cytoplasmic conflict: conflict in inheritance patterns between the nuclear genome and organelle genomes that are
transmitted only maternally.

N Gynandromorphs: individuals that contain both male and female characteristics.
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possibility, the recombining, non-differen-

tiated region along the sex chromosomes

of the emu (a ratite bird) contains an

excess of genes whose expression is sex-

biased, relative to autosomes [126].

Y chromosomes are not doomed
Y chromosome degeneration has

prompted the suggestion that the human

Y will eventually disappear [131–133], a

claim based on the naı̈ve assumption of a

constant rate of gene loss from the Y over

time. However, theory predicts that the

rate of gene decay on the Y decreases over

evolutionary time and should halt on an

old, gene-poor Y chromosome [67,134].

Recent comparative genomic studies sup-

port this hypothesis as the gene content of

the primate Y chromosome has been

stable over the last 25 million years,

suggesting that an equilibrium gene con-

tent has been reached in humans [135].

Moreover, old gene-poor Y chromosomes

that are tens of millions of years old, such

as the Drosophila Y [136], actually show a

net rate of gene gain rather than gene loss

[137]. Thus, the Y chromosome can be a

stable and important component of the

genome in many species, and may even

prevent turnover of sex-determining

mechanisms (see below).

Evolutionary traps and conserved
sex-determining systems

In contrast to the lability of sex

determination mechanisms in some

groups, eutherian mammals, birds and

many insects exhibit virtually no variation

in how sex is determined (Figure 3). This

stability could be due to an absence of

genetic variation, particularly when multi-

ple genetic steps are required for a

transition to a new sex-determining system

(Figure 2). Mutations are known, however,

that override sex determination (Table 1)

[138], suggesting that the conservation is

not due to a lack of genetic variation.

Instead, evolutionary traps may stabilize

sex-determining systems for long spans of

evolutionary time.

Heteromorphic sex chromosomes may

act as just such a trap. Transitions between

XY and ZW systems that create YY or

WW individuals are prevented when Y or

W chromosomes lack essential genes

(Figure 5). Also, if the Y (or W) chromosome

has evolved sex-essential genes, such as

spermatogenesis genes located on the

human and Drosophila Y, sex chromo-

some transitions are only possible if these

genes are moved to another chromo-

some, since the old Y, along with its

genes, is lost during the transition

(Figure 5). Overall, phylogenetic patterns

in vertebrates or insects [3,139] are

consistent with the notion that hetero-

morphic sex chromosomes constrain

shifts in sex determination mechanism,

but several notable exceptions exist in

both groups. In rodents, for example,

many species with unusual sex-determin-

ing systems can be found: XY females in

some lemming species, X0 females or

XX males in vole species, and X0

females and males in some Japanese

spiny rats and mole voles [140]. Like-

wise, some insect groups are known that

harbor variation in sex chromosome

karyotype among species; in grasshop-

pers, fusions between sex-chromosomes

and autosomes combined with Y-degen-

eration and/or Y-loss have created much

variation in sex chromosome karyotype,

including species with multiple X or Y

Table 1. Known master sex-determining genes in vertebrates and insects, and their paralogs.

Species
Master sex
determining gene

Sex-determining
mechanisms Gene paralog Paralog function Reference

mammals Sry sex-determining Y Sox3 HMG-box
transcription factor

[77]

chicken (Gallus gallus) dmrt1 dose-dependent Z - SD pathway
transcription factor

[12]

African clawed frog
(Xenopus laevis)

dmW sex-determining W dmrt1 SD pathway
transcription factor

[13]

medaka (Oryzias latipes) dmrt1Y sex-determining Y dmrt1 SD pathway
transcription factor

[78,79]

(Oryzias luzonensis) gsdfY sex-determining Y gsdf secretory protein in
SD pathway

[80]

Patagonian pejerrey
(Odontesthes hatcheri)

amhY sex-determining Y amh anti-Mullerian hormone [155]

rainbow trout
(Oncorhynchus mykiss)

sdY sex-determining Y Irf9 interferon
regulatory factor

[82]

tiger pufferfish (Takifugu
rubripes)

amhr2 dose-dependent X amhr anti-Mullerian
hormone receptor

[156]

smooth tongue sole
(Cynoglossus semilaevis)

dmrt1 dose-dependent Z - SD pathway [14]

fruit flies (Drosophila) Sxl dose-dependent X CG3056 mRNA splicing,
non-sex specific

[83,84]

housefly (Musca domestica) F sex-determining W tra SD pathway switch
splice factor

[17]

silkworm (Bombyx mori) Fem sex-determining W - piRNA [85]

honeybee (Apis mellifera) csd haplodiploid tra SD pathway switch
splice factor

[16]

wasp (Nasonia vitripennis) Nvtra haplodiploid tra SD pathway
switch splice factor

[15]

doi:10.1371/journal.pbio.1001899.t001
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chromosomes [141]; true fruit flies (Te-

phritidae) that contain both XY and ZW

species [142]; or blowfly species that

have secondarily lost their heteromorphic

sex chromosomes [143].

How much sex chromosome hetero-

morphism is required to create a trap, and

how strong this trap is, remains unknown.

To date, only one example of the reversal

of an ancient sex chromosome back to an

autosome has been characterized. Specif-

ically, all Drosophila species contain an

autosome that was formerly an X chro-

mosome: the dot chromosome. This

chromosome still has a minor feminizing

role during sex determination, is targeted

by a chromosome-specific regulatory

mechanism similar to dosage compensa-

tion of the X, and its patterns of biased

gene expression during early embryogen-

esis, oogenesis, and spermatogenesis re-

semble that of the current X in Drosophila

[136]. The retention of the specialized

genomic architecture of highly differenti-

ated sex chromosomes on the dot chro-

mosome illustrates the numerous barriers

to sex chromosome turnover that exist in

highly heteromorphic systems, even

though there are some cases where these

are overcome.

Haplodiploidy also appears to be an

evolutionary trap. While it has arisen a few

dozen times, the reverse transition has not

been reported [3]. Transitions from or to

haplodiploidy require changes in genetic

architecture and meiotic mechanisms,

which are likely more complex than a

simple change in a master-switch sex-

determining gene. Furthermore, females

switching from haplodiploidy would lose

the fitness benefit associated with produc-

ing uniparental sons.

Systems that involve interacting

somatic and germ line sex determination

mechanisms may also limit transitions of

sex-determining mechanisms, since chang-

es in either germ line sex or somatic sex

alone may produce infertile individuals

[111]. Thus, while sex determination is

generally characterized by diversity and

turnover, some sex-determining systems

appear to be more evolutionarily stable

than others [3].

Outlook

Studying the forces that drive the evolu-

tion of sex determination has mainly come

from theoretical works, with little empirical

data. However, the genomic revolution has

allowed researchers to address scientific

questions and tackle novel biological systems

at the molecular level. As new genomic

approaches increase the pace of discovery

and characterization of sex determination

innon-model organisms, we anticipate that

comparative phylogenetic methods will be

key to examining the roles of various

ecological and genetic factors that drive

changes in sex determination mechanisms.

Additionally, genomic data make it increas-

ingly possible to map sex-determining loci

from closely related species and to identify

the evolutionary mechanisms hypothesized

to cause transitions among sex-determining

systems. Finally, comparative and functional

genomic data will allow researchers to

address how new master sex determination

genes are incorporated into existing genetic

networks controlling sexual development. A

full understanding of the diversity of sex

determination mechanisms will require that

we expand the taxonomic breadth of study

systems well beyond classic model organ-

isms. Promising models include dipteran

insects, such as houseflies or chironomids;

teleost fish; and reptilian clades, including

turtles and lizards; as well as plant genera,

such as strawberries, that show variation

within and between species in how sex

(or gender in plants) is determined. Integra-

tive and interdisciplinary approaches across

the tree of life will illuminate the diversity of

sex determination and yield exciting new

insights of how and why sex determination

evolves in animals and plants.
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26. Schärer L (2009) Tests of sex allocation theory in

simultaneously hermaphroditic animals. Evolu-

tion 63: 1377–1405.

27. De Visser JAM, Ter Maat A, Zonneveld C

(1994) Energy budgets and reproductive alloca-

tion in the simultaneous hermaphrodite pond

snail, Lymnaea stagnalis: a trade-of between male

and female function. Am Nat 144: 861–867.

28. Ashman T-L (2003) Constraints on the evolution

of males and sexual dimorphism: Field estimates

of genetic architecture of reproductive traits in

PLOS Biology | www.plosbiology.org 11 July 2014 | Volume 12 | Issue 7 | e1001899Case 3:21-cv-00490   Document 39-11   Filed 03/02/22   Page 11 of 13 PageID #: 945



three populations of gynodioecious Fragaria

virginiana. Evolution 57: 2012–2025.

29. Weinzierl RP, Berthold K, Beukeboom LW,

Michiels NK (1998) Reduced Male Allocation in

the Parthenogenetic Hermaphrodite Dugesia

polychroa. Evolution 52: 109–115.

30. Whitton J, Sears CJ, E.J B, Otto SP (2008) The

dynamic nature of apomixis in the angiosperms.

Int J Plant Sci 169: 169–182.

31. Charlesworth B, Charlesworth D (1978) Model

for Evolution of Dioecy and Gynodioecy. Am

Nat 112: 975–997.

32. Dufay M, Billard E (2012) How much better are

females? The occurrence of female advantage,

its proximal causes and its variation within and

among gynodioecious species. Ann Bot 109:

505–519.

33. Charlesworth D, Willis JH (2009) The genetics

of inbreeding depression. Nat Rev Genet 10:

783–796.

34. Sakai AK, Karoly K, Weller SG (1989)

Inbreeding Depression in Schiedea globosa and S.

salicaria (Caryophyllaceae), Subdioecious and

Gynodioecious Hawaiian Species. Am J Bot

76: 437–444.

35. Pannell JR (2002) The evolution and mainte-

nance of androdioecy. Ann Rev Ecol Evol Syst

33: 397–425.

36. Schaefer H, Renner SS (2010) A three-genome

phylogeny of Momordica (Cucurbitaceae) sug-

gests seven returns from dioecy to monoecy and

recent long-distance dispersal to Asia. Mol

Phylogenet Evol 54: 553–560.

37. Valenzuela N, Lance VA (2004) Temperature

Dependent Sex Determination in Vertebrates.

Washington, DC: Smithsonian Books.

38. Ming R, Bendahmane A, Renner SS (2011) Sex

chromosomes in land plants. Annu Rev Plant

Biol 62: 485–514.

39. Dubendorfer A, Hediger M, Burghardt G, Bopp

D (2002) Musca domestica, a window on the

evolution of sex-determining mechanisms in

insects. Int J Dev Biol 46: 75–79.

40. Merchant-Larios H, Diaz-Hernandez V (2013)

Environmental sex determination mechanisms

in reptiles. Sex Dev 7: 95–103.

41. Guler Y, Short S, Kile P, Ford AT (2012)

Integrating field and laboratory evidence for

environmental sex determination in the amphi-

pod, Echinogammarus marinus. Mar Biol 159:

2885–2890.

42. Walker G (2005) Sex determination in the larvae

of the parasitic barnacle Heterosaccus lunatus: an

experimental approach. J Exp Mar Bio Ecol

318: 31–38.

43. Kobayashi Y, Nagahama Y, Nakamura M

(2013) Diversity and plasticity of sex determina-

tion and differentiation in fishes. Sex Dev 7:

115–125.

44. Warner RR, Fitch DL, Standish JD (1996)

Social control of sex change in the shelf limpet,

Crepidula norrisiarum: size-specific responses to

local group composition. J Exp Mar Bio Ecol

204: 155–167.

45. Navarro-Martı́n L, Viñas J, Ribas L, Dı́az N,
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